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LETTER  TO  THE  SECRETARY. 


Office  of  the  United  States  Geological  and 

Geographical  Survey  of  the  Territories, 

Washington,  D.  ft,  December  1,  1878. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  opera- 
tions of  the  Survey  under  my  charge,  both  in  the  field  and  in  the  office, 
during  the  year  1877.* 

On  the  completion  of  the  work  in  Colorado  in  1876,  it  was  decided 
that  it  should  continue  northward  into  Idaho  and  Wyoming  Territories. 
The  belt  of  country  along  the  fortieth  parallel,  including  the  Union 
Pacific  Railroad,  having  been  explored  in  detail  by  the  Survey  of  the 
Fortieth  Parallel  under  Clarence  King,  it  was  deemed  best  to  commence 
at  the  northern  boundary  of  that  work  and  continue  northward  and 
westward. 

The  survey  was  divided  into  five  parties  for  field,  geological,  and  topo- 
graphical work,  besides  several  others  for  special  investigation.  The 
following  notes  present  the  salient  features  of  the  summer's  work : 

PRIMARY    TRIANGULATION. 

The  primary  triangulation  party  in  charge  of  Mr.  A?  D.  Wilson,  chief 
Topographer  of  the  Survey,  took  the  field  from  Kawlins  Springs,  Wyo. 
Near  tliis  place  a  base-line  was  carefully  measured  and  from  this  a  net- 
work of  triangles  was  extended  to  the  north  and  west.  After  com- 
pleting the  work  in  the  vicinity  of  Kawlins,  the  party  marched  north- 
ward, making  stations  on  Seminoe  and  Whiskey  Peaks,  and  thenct* 
traveled  westward  to  Yellow  Butte,  where  another  station  was  located. 
From  this  point  the  work  was  carried  to  the  Wind  Eiver  Range.  Three 
stations  were  made  on  the  more  prominent  points  of  this  range,  with 
much  difficulty,  owing  to  the  great  quantities  of  snow  found  in  these 
mountains  during  the  month  of  June — the  time  the  party  was  working 
there. 

Continuing  the  work  northward  and  westward,  stations  were  made 
on  the  Grosventre  and  Wyoming  Kanges  and  on  Caribou  Mountain  and 
Mount  Putnam  near  Fort  Hall.  After  refitting  at  the  latter  place,  the 
party  marched  south  vi&  Soda  Springs  to  the  valley  of  Bear  Lake,  where 


•A  portion  of  this  introduction  was  printed  in  the  Preliminary  Report  of  the  Field 
Work  of  the  Survey  for  1877  (Ann.  Rep.  Secretary  of  the  Interior  for  1877,  pp.  755-787), 
and  also  in  the  Annual  Report  of  the  Smithsonian  Institution  for  1877.  It  remains 
neariy  as  it  was  written  over  one  year  ago. 
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another  base-line  was  measured  and  connected  with  the  work  as  brought 
forward  from  the  Rawlins  base. 

After  occupying  Mount  Preuss,  Soda,  Paris,  and  North  Logan  Peaks* 
the  party  marched  to  Evanston,  where  connection  was  effected  with  the 
astronomical  station  made  fit  this  point  by  the  boundary  survey  of  Wyo- 
ming. Stations  were  also  made  on  Medicine  Butte  and  Ogden  Peak, 
thus  connecting  with  the  primary  triangulation  of  the  fortieth  parallel 
survey.  From  Evanston  the  party  moved  eastward,  occupying  Pilot 
and  Black  Buttes,  again  visiting  Separation  Peak  near  Rawlins,  thus 
bringing  the  work  back  to  the  point  of  beginning,  where  the  party  was 
disbanded  and  the  train  sent  into  winter  quarters  at  Cheyenne. 

Mr.  Wilson  has  finished  the  preliminary  computations  of  his  work,  and 
a  chart  showing  the  results  has  been  published.  Twenty-six  points 
were  occupied,  while  many  others  were  located  by  foresights,  among? 
them  the  Grand  Teton  and  Washakie  Needles. 

The  triangulation  covered  an  area  of  about  28,000  square  miles,  extend- 
ing  from  longitude  107°  to  112°  and  between  north  latitude  41°  1C  and 
43o  50'. 

Stone  monuments  were  built  on  all  occupied  points  for  future  refer- 
ence, and  when  the  final  computations  are  made,  the  latitude  and  longi- 
tude of  all  these  points  will  be  given,  with  azimuths  and  distanced 
between  the  points. 

TOPOGHAPIIY. 

The  topographical  field- work  of  the  past  season  was  carried  ou  by 
three  parties,  to  each  of  which  a  definite  area  was  assigned  to  be  sur- 
veyed.   These  areas  were  approximately  in  the  form  of  rectangles, . 
limited  by  meridians  and  parallels  of  latitude.     Each  of  them  contained 
about  11,000  square  miles.    That  assigned  to  the  T6ton  division,  in 
charge  of  Mr.  G.  R.  Bechler,  lay  between  the  meridians  of  100°  30*  and 
112°  and  the  parallels  4*3°  and  44°  15'.    This  area  comprises  nearly  all 
the  country  about  the  sources  of  Snake  River,  including  the  very  rug- 
ged range  of  the  Teuton  Mountains  and  the  northern  half  of  the  Wind 
River  Mountains.     From  the  character  of  the  country,  being  nearly  aO 
mountainous,  and  much  obstructed  by  living  and  fallen  timber,  work 
was  necessarily  slow,  yet  Mr.  Bechler 'succeeded  in  surveying  nearly 
6,000  square  miles  up  to  the  early  part  of  September,  when  he  was  obliged 
to  stop  work  and  leave  the  country*  owing  to  the  proximity  of  Josephs 
band  of  hostile  Indians.    About  one-third  of  the  area  surveyed  by  thii 
division  lies  south  of  the  Snake  and  west  of  Salt  River.    The  remainder 
includes  the  greater  part  of  the  most  rugged  mountains,  among  them 
the  Tetons  and  a  portion  of  the  Wind  River  Range. 

That  portion  of  the  district  lying  south  of  Siuike  River  consists  of  the 
northern  ends  of  two  mountain-ranges,  known  as  the  Blackfoot  and 
Caribou  Ranges,  with  their  adjacent  valleys.  These  ranges  have  the 
normal  trend;  are  here  scarcely  high  enough  (6,000  to  8,000  feet  above 
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sea-level)  to  be  dignified  with  the  name  of  mountains,  and  are  bare  of 
timber  and  grass-covered.  All  this  section  is  fine  grazing  land,  and  in 
the  valleys  are  large  areas  of  arable  land. 

North  of  the  Snake  are  several  fine  valleys,  well  watered  from  the 
snow-fields  of  the  high  mountains,  among  which  are  Pierre's  and  Jack- 
son's Holes;  but  the  mass  of  the  country  is  made  up  of  mountains.  As 
a  rule,  the  valleys  are  narrow,  mere  canons  in  very  many  cases.  The 
mountains  are  everywhere  heavily  timbered  with  pine  and  spruce. 

During  the  season,  Mr.  Bechler  occupied  60  stations,  and  measured 
7,340  horizontal  and  5,700  vertical  angles. 

The  area  assigned  to  the  Green  River  division,  in  charge  of  Mr.  Henry 
Gannett,  lay  between  the  meridians  of  109°  30'  and  112°  00*  and  the 
parallels  of  latitude  of  41°  45'  and  43°  007,  being  directly  south  of  that 
of  the  T£ton  division.  This  district  includes  the  northern  half  of  the 
Green  River  Basin,  nearly,  all  the  drainage  area  of  the  Bear,  and  sev- 
eral large  branches  of  the  Snake,  comprising  portions  of  the  three 
Territories  of  Wyoming,  Idaho,  and  Utah.  The  country  being  especially 
well  adapted  to  this  class  of  surveying,  work  was  pushed  very  rapidly, 
so  that,  after  finishing  his  district,  Mr.  Gannett  was  enabled  to  carry  the 
work  westward  over  the  valleys  of  the  Portneuf  and  Malade,  with  their 
bounding  ranges. 

With  the  exception  of  the  Green  River  Basin,  which  is  a  broad,  flat 
expanse  of  vsage  and  grass,  the  country  consists  of  a  succession  of  par- 
allel ranges  of  mountains,  with  the  normal  Rocky  Mountain  trend,  sep- 
arated by  broad  valleys.  The  valleys  are  fertile  and  easily  irrigated, 
while  everywhere  there  is  a  bountiful  supply  of  water.  The  average  ele- 
vation of  these  valleys  is  from  4,000  to  6,000  feet,  while  the  mountains 
rise  to  heights  ranging  from  8,000  to  11,000  feet. 

The  lower  mountain  ranges  are  grass-covered,  while  the  higher  ones 
are  well  timbered,  in  some  cases  even  densely  timbered,  with  heavy 
spruce  and  pine.  The  area  of  irrigable  land  is,  by  a  rough  estimate,  ten 
per  cent,  of  the  district,  while  at  least  three-fourths  of  it  is  suitable  for 
grazing.  In  surveying  this  area,  Mr.  Gannett  made  347  stations  of  all 
grades  of  importance,  building  monuments  on  53  of  the  principal  ones 
for  future  reference  by  the  land  surveys,  or  other  purposes. 

The  district  assigned  to  the  Sweetwater  division,  under  Mr.  George 
B.  Chittenden,  lay  between  meridians  107°  00'  and  109°  30'  and  parallels 
41°  4,V  and  43°  00',  being  east  of  that  last  described.  It  includes  the 
southern  half  of  the  Wind  River  Range,  the  valleys  of  Wind  River  and 
the  Sweetwater,  with  the  Sweetwater  Mountains  and  the  desert-like 
plateaus  about  the  continental  divide  south  of  the  latter.  Of  this  area 
nearly  all  or  between  10,000  and  11,000  square  miles  were  surveyed. 
Of  this  district,  a  rough  estimate  makes  five-eighths  desert  country,  two- 
eighths  mountainous,  of  value  only  for  its  timber,  or,  hypothetically,  for 
its  mineral  contents,  and  one-eighth  only  valuable  as  pasture  or  agricul- 
tural laud.    In  surveying  this  area  Mr.  Chittenden  made  nearly  200 
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stations.  Between  80  and  90  of  these  were  marked  permanently  by 
stone  monuments  for  future  reference. 

As  heretofore,  attention  has  been  paid  to  the  economic  value  of  the 
land  surveyed.  Map  notes  and  sketches  indicate  the  extent  of  land 
suitably  situated  for  irrigation,  and  as  all  streams  of  any  magnitude  are 
gauged,  and  their  slopes  measured,  the  data  for  estimates  of  the  amount 
of  arable  land  are  at  hand.  Areas  of  pasture  and  timber  lands  are  also 
noted. 

During  the  whole  season,  of  four  months'  duration,  the  weather  was 
exceptionally  favorable  for  the  prosecution  of  the  work  ;  scarcely  a  day 
was  lost  from  bad  weather  by  any  of  the  parties. 

The  total  area  surveyed  during  the  season,  and  to  be  mapped  during 
the  winter,  was  about  29,000  square  miles,  a  very  considerable  addition 
to  our  knowledge  of  the  Western  country. 

In  succeeding  years  the  work  is  to  be  extended  toward  the  north, 
east,  and  west. 

'  GEOLOGY. 

The  geological  field-work  of  the  survey  for  1877  was  assigned  to  Dr. 
F.  M.  Endlich,  Prof.  Orestes  St.  John,  and  Dr.  A.  C.  Peale,  in  the 
Sweetwater,  T£ton,  and  Green  River  districts,  respectively.  Many  in- 
teresting geological  facts  were  observed,  which  are  given  in  detail  in  this 
report. 

The  Sweetwater  district  comprised  a  well-diversified  country.  The 
eastern  portion  of  the  Green  River  Basin  was  found  to  be  underlaid 
with  Tertiary  formations,  with  isolated  volcanic  eruptions  at  several 
points.  The  prevailing  westerly  winds  of  the  region  have  resulted  in 
the  formation  of  sand  dunes  wherever  the  configuration  of  the  country 
has  offered  an  obstacle  to  the  progress  of  the  sand  that  is  formed  from 
the  readily  disintegrating  Tertiary  sandstones.  On  the  eastern  side  of 
the  Wind  River  Mountains  a  full  series  of  the  sedimentary  formations 
was  noted,  beginning  with  the  Silurian,  and  numerous  stratigraphical 
phenomena  were  observed  and  studied  with  a  view  to  tbe  determination 
of  the  age  of  the  mountain -range. 

Camp  Stambaugh,  at  the  south  end  of  the  range,  is  located  within 
the  area  of  the  oldest  metamorphic  rocks  of  the  district.  In  these  rocks 
gold  has  been  found  in  varying  quantities  for  the  last  ten  years,  and,  at 
one  time,  the  region  was  the  scene  of  considerable  mining  excitement. 

The  western  side  of  the  Wind  River  Mountains  was  found  to  be  very 
interesting  on  account  of  the  remains  of  enormous  ancient  glaciers. 
Moraines,  covering  many  square  miles,  and  often  a  thousand  feet  in  thick- 
ness, extend  downward  through  narrow  valleys  that  now  contain  rush- 
ing streams.  Striatiou,  grooving,  and  mirror-like  polish  of  rock  in  situ, 
denote  the  course  taken  by  the  moving  ice-fields  that  have  left  these 
marks  of  their  former  existence.  From  all  indications,  the  cessation  of 
glacial  activity  must  have  occurred  within  a  comparatively  recent  time. 


LETTER  TO  THE  SECRETARY.  XIII 

Scarcely  any  vegetation  has  sprang  up  on  the  light  glacial  soil,  and  the 
characteristic  distribution  of  erratic  material  bears  every  evidence  of 
u  freshness." 

All  along  the  Sweetwater  River  the  characteristic  Sweetwater  group 
of  the  Tertiary  was  found,  continuing  northward  to  the  hills  opposite 
Seminoe  Pass.  These  hills  were  found  to  be  projections  of  granite  that 
during  the  Tertiary  epoch,  and  probably  long  before,  existed  as  islands 
in  a  widely  extended  sea. 

On  the  south  side  of  the  Sweetwater,  in  the  Seminoe  Hills,  the  older 
sedimentary  formations  were  noted.  In  the  region  between  the  Seminoe 
Hills  and  Rawlins,  on  the  Union  Pacific  Railroad,  an  interesting  group 
of  mud-springs,  analogous  to  the  mud-puffs  of  the  Geyser  region,  were 
•een.  About  four  hundred  of  these  curious  springs  were  found  and  ex- 
amined. 

After  finishing  his  work  with  the  field-party,  Dr.  Endlich  visited  the 
coal-mines  near  Evanston,  Wyo.,  to  examine  the  coal-bearing  rocks  of 
that  region. 

The  Green  River  district  lies  directly  west  of  the  Sweetwater  district. 
With  the  exception  of  a  small  area  of  granite,  along  the  southwestern 
side  of  the  Wind  River  Mountains,  and  some  basaltic  flows  in  the  north- 
western portion  of  the  district,  the  rocks  are  sedimentary.  The  Green 
River  Basin  was  the  first  area  surveyed.  The  prevailing  formation  was 
found  to  be  the  Green  River  group  of  the  Tertiary,  underlaid  by  the 
Wahsatch.  Toward  the  south,  buttes  of  the  Bridger  clays  rest  on  the 
Green  River  marls  and  sandstones.  They  are  the  northern  outliers  of 
the  extensive  Bridger  areas  found  farther  southward. 

On  the  northeast,  the  Tertiary  beds  rest  on  the  granites  of  the  Wind 
River  Mountains,  the  line  of  junction  being  considerably  obscured  by 
morainal  material.  One  of  the  most  interesting  points  noted  in  the 
Green  River  Basin  was  on  its  west  side,  where  the  Wahsatch  Tertiary 
is  seen  resting  uncomformably  on  Jurassic  and  Cretaceous  strata.  At 
one  point  Carboniferous  fossils  were  obtained  from  bowlders  of  lime- 
stone found  in  a  conglomerate  in  the  Wahsatch  group.  These  were 
derived  without  doubt  from  the  Carboniferous  limestones  of  the  mount- 
ains that  stand  a  short  distance  to  the  westward,  and  which  must  once 
have  formed  a  portion  of  the  shore-line  of  the  lake  filling  the  Green 
River  Basin. 

An  arm  of  this  Tertiary  lake  extended  up  nam's  Fork  of  the  Green 
River,  where  Green  River  and  Wahsatch  beds  are  found  in  horizontal 
position.  In  the  Green  River  shales,  at  several  localities,  good  collec- 
tions of  fossil  fish  and  insects  were  found,  among  which  were  many  new 
species. 

The  region  of  the  Biackfoot  River,  in  the  northwestern  part  of  the 
district,  is  covered  in  all  its  lowest  portions  with  flows  of  basalt  which 
had  their  origin  in  craters  that  still  show  between  the  Biackfoot,  Bear, 
and  Portneuf  Rivers.    The  pouring  out  of  this  basalt  must  have  occurred 
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either  daring  or  just  prior  to  the  present  period,  as  there  has  been  but 
little  if  any  change  in  the  surface  since  the  eruption.  On  the  Portneuf 
River  a  narrow  tongue  of  basalt  extends  almost  to  Snake  River  Valley. 
The  surface  of  this  basalt  slopes  somewhat,  but  not  so  much  as  the  pres- 
ent bed  of  the  Portneuf.  The  lower  valley  of  the  Portneuf  is  interesting 
from  the  fact  that  it  is  probably  one  of  the  ancient  outlets  of  the  great 
lake  that  once  filled  the  Salt  Lake  Basin  and  extended  across  into  Cache 
Valley.  In  Cache  Valley  and  Malade  Valley,  modern  Tertiary  deposits 
are  found  jutting  against  the  mountains,  and  in  the  central  portions  of 
the  valleys  they  seem  to  pass  gradually  into  the  more  modern  deposits. 

The  interesting  soda-springs  at  the  bend  of  Bear  River  were  carefully 
examined. 

Although  the  area  surveyed  by  the  Green  River 'division  was  large, 
comprising  about  13,000  square  miles,  large  collections  of  fossils  (many 
of  them  new)  were  made.  Notes  were  obtained  for  the  preparation  of 
a  geological  map  of  the  area,  and  data  collected  for  the  elucidation  of 
many  interesting  problems  in  relation  to  the  age  of  the  mountains. 

Coal-outcrops  were  noted  at  a  number  of  localities,  on  some  of  the 
branches  of  the  Upper  Bear  River  and  of  Green  River.  The  famous  salt- 
works on  a  branch  of  Salt  River  were  also  examined. 

Professor  St.  John  reports  the  T6ton  district  to  be  one  of  great  inter- 
est. He  found  extensive  areas  covered  with  rocks  of  igneous  origin, 
basaltsj  and  trachytes. 

The  Snake  River  plains  are  everywhere  floored  with  basaltic  rocks. 
They  extend  up  the  valley  of  the  Snake  as  far  as  the  lower  basin,  where 
they  are  succeeded  by  other  volcanics,  mainly  trachytes.  The  latter  are 
observed  inclining  at  greater  or  less  angles  and  appear  to  be  more 
ancient  than  the  basalts.  The  Blackfoot  Valley  and  the  valley  depres- 
sions between  the  Blackfoot  Mountains  and  the  Caribou  Range  are. 
floored  with  basalts  in  every  way  similar  to  those  occurring  in  the  Snake 
River  plains.    These  extend  southward  into  Dr.  Peale's  district. 

Rhyolitic  products  were  found  at  a  few  localities.  In  one  instance  the 
eruptive  matter  appears  as  a  dike  in  the  crest  of  a  low,  short  ridge  be- 
tween the  Blackfoot  and  Caribou  Ranges,  its  eruption  having  tilted  the 
sedimentary  deposits  into  an  anticlinal  ridge. 

In  Caribou  Mountain,  also,  interesting  phenomena  were  observed.  The 
mountain  is  a  monoclinal  ridge,  made  up  of  sedimentaries,  between 
whose  strata  the  igneous  material  is  intruded,  appearing  from  a  distance 
like  veritable  beds  of  deposition,  while  the  bulk  of  the  west  portion  of 
the  mountain  appears  to  consist  of  an  enormous  mass  of  eruptive  mat- 
ter thrust  up  from  below.  This  mountain  would  therefore  appear  to  be 
another  instance  of  local  outburst,  similar  to  those  brought  to  light  by 
the  survey  in  Western  and  Southwestern  Colorado. 

Extensive  areas  of  the  district  are  occupied  by  sedimentary  or  strati- 
fied rocks,  which  were  referred  to  the  Lower  Silurian,  Carboniferous, 
Jura-Triassic,  Cretaceous,  and  Tertiary  ages.    These  rocks  have  been 
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subjected  to  considerable  folding  and  displacements  in  the  different  por- 
tions of  the  district. 

One  of  the  most  interesting  discoveries  was  that  of  the  presence  of 
fish-remains  in  the  Lower  Carboniferous.  Several  forms  were  found, 
identical  with  or  closely  allied  to  Keokuk  species  of  the  genera  CladoduSj 
PekUodu8j  Anthiodu8,  and  Helodus. 

In  the  upper  basin  of  Snake  Eiver,  Tertiary  lacustrine  beds  occur. 
These  are  probably  the  equivalents  of  the  lake-beds  of  Dr.  Hayden. 

The  T£ton  Range  was  examined,  and  found  to  be  a  gigantic  monoclinal 
ridge,  with  a  metamorphic  and  granitic  nucleus,  which  forms  a  lofty 
exceedingly  rugged,  jagged  crest,  extending  in  a  north  and  south  direc- 
tion three-fourths  the  length  of  the  range,  culminating  in  Mount  Hayden. 

In  Jackson's  Basin,  east  of  the  Teton  Range,  a  vast  accumulation  of 
morainal  matter  was  noted.  Along  the  west  side  of  the  basin  extensive 
morainal  accumulations  occur,  which  have  been  cut  into  beautiful  ter- 
races by  Snake  River. 

Calcareous  tufa,  indicating  the  presence  of  springs,  was  found  at  the 
mouth  of  Salt  River,  in  a  small  basin  east  of  Lincoln  Valley,  &c.  None 
of  these,  however,  are  comparable  with  the  enormous  spring  deposits 
met  with  at  the  northeastern  foot  of  the  Wind  River  Mountains,  in  the 
upper  portion  of  the  Wind  River  Valley,  wliich  were  hastily  examined 
late  in  the  season. 

The  geological  notes  given  above  present  only  the  salient  features  of 
the  season's  work. 

PALEONTOLOGY. 

The  necessity  of  a  careful  examination  of  the  various  geological  for- 
mations in  the  field,  and  a  review  by  a  practical  paleontologist  of  the 
Tarious  districts  that  have  from  year  to  year  been  surveyed  by  the  dif- 
ferent geologists  of  this  and  other  surveys,  has  been  long  felt.  Such  a 
work,  indeed,  was  imperatively  necessary  before  a  consistent  and  com- 
prehensive classification  of  the  formations  could  be  established.  This 
duty  was  assigned  to  Dr.  C.  A.  White,  the  paleontologist  of  this  survey, 
tnd  he  took  the  field  at  the  beginning  of  the  past  season  and  continued 
his  labors  until  its  close.  The  special  duty  with  which  he  was  charged 
ras  to  pursue  such  lines  of  travel  as  would  enable  him  to  make  critical 
examination  of  the  geological  formations  in  succession  as  they  are  exposed 
to  view  on  both  sides  of  the  Rocky  Mountain  chain,  and  also  on  both 
sides  of  the  Uintah  chain ;  to  collect  and  study  the  fossils  of  these  forma- 
tions in  such  detail  as  to  settle,  as  far  as  possible,  the  questions  of  the 
natural  and  proper  vertical  limits  of  the  formations,  their  geographical 
range,  their  correlation  with  each  other,  and  to  define  the  paleontologi- 
cal  characteristics  of  each. 

He  has  pursued  his  researches  with  such  success  during  the  past  sea- 
son as  to  demonstrate  the  necessity  of  continuing  this  class  of  investi- 
gations by  various  lines  of  travel  across  what  is  generally  known  as  the 
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great  Eocky  Mountain  region,  especially  those  portions  of  it  that  have 
been  surveyed,  as  well  as  those  in  which  surveys  are  in  progress. 

Among  other  important  results,  he  has  shown  the  identity  of  the 
lignitic  series  of  strata  east  of  the  Rocky  Mountains  in  Colorado  with 
the  Fort  Union  group  of  the  Upper  Missouri  River,  and  also  its  iden- 
tity with  the  great  Laramie  group  of  the  Green  River  Basin  and  other 
portions  of  the  region  west  of  the  Rocky  Mountains.  He  also  finds 
the  planes  of  demarkation  between  any  of  the  Mesozoic  and  Genozoic 
groups,  from  the  Dakota  to  the  Bridger  inclusive,  to  be  either  very  ob- 
scure or  indefinable;  showing  that  whatever  catastrophal  or  secular 
changes  took  place  elsewhere  during  all  that  time,  sedimentation  was 
probably  continuous  in  what  is  now  that  part  of  the  continent  from  the 
earliest  to  the  latest  of  the  epochs  just  named.  Other  results  and  further 
details  of  the  season's  work  will  appear  in  the  following  paragraphs. 

The  general  course  of  travel  pursued  by  Dr.  White  during  the  season 
was  as  follows,  not  including  the  numerous  detours,  meanderings,  and 
side  trips  which  the  work  necessitated :  Outfitting  at  Cheyenne,  he  jour- 
neyed southward,  traversing  in  various  directions  a  portion  of  the  great 
plains  which  lie  immediately  adjacent  to  the  eastern  base  of  the  Rocky 
Mountains  in  Colorado.  The  most  easterly  point  thus  reached  was  some 
sixty  miles  east  of  the  base  of  the  mountains  and  the  most  southerly 
point  about  twenty -five  miles  south  of  Denver.  Returning  to  Denver  to 
renew  his  outfit,  he  crossed  the  Rocky  Mountains  by  way  of  Boulder 
Pass,  through  Middle  Park.  After  making  certain  comparative  exam- 
inations of  the  Mesozoic  and  Cenozoic  formations  in  Middle  Part  he  pro- 
ceeded westward  to  the  headwaters  of  the  Yampa  River,  following  that 
stream  down  to  the  western  foot-hills  of  the  Park  Range  of  mountains. 

Here  resuming  his  comparative  examinations  of  the  Mesozoic  and 
Cenozoic  strata,  he  passed  down  the  valley  of  the  Yampa  as  far  as  Yampa 
Mountain,  one  of  those  peculiar  and  remarkable  up-thrusts  of  Paleozoic 
rocks  through  Mesozoic  strata.  In  all  this  area,  as  well  as  that  between 
the  Yampa  and  White  Rivers,  the  Laramie  group  reaches  a  very  great 
and  characteristic  development,  and  it  received  careful  investigation, 
yielding  some  of  the  most  important  results  of  the  season's  work. 
Crossing  the  ground  between  the  two  rivers  named  to  White  River  Indian 
agency,  thence  down  White  River  Valley  about  one  hundred  ,miles ; 
thence  to  Green  River,  crossing  it  at  the  southern  base  of  the  Uintah 
Mountains,  making  many  detours  on  the  way,  he  reviewed  the  geology 
of  the  region  which  he  had  surveyed  during  the  previous  season.  This 
review  brought  out  not  only  the  important  paleontological  facts  before 
referred  to,  but  it  also  added  materially  to  the  elucidation  of  the  geological 
structure  of  the  region  which  lies  between  the  eastern  end  of  the  Uintah 
Mountain  Range  on  the  west  and  the  Park  Range  on  the  east. 

Beyond  Green  River  he  pursued  his  travels  westward,  studying  the 
Mesozoic  and  Cenozoic  strata  that  flank  the  Uintah  Range  upon  its  south 
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side,  and  making  comparisons  of  both  their  lithological  and  paleonto- 
logical  characteristics. 

In  this  way  he  traversed  the  whole  length  of  the  Uintah  Range,  cross- 
ing at  its  junction  with  the  Wasatch  Range  over  into  the  valley  of  Great 
Salt  Lake.  Recrossing  the  Wasatch  to  the  north  side  of  the  Uintah 
Range,  he  continued  his  examinations  of  the  Cretaceous  and  Tertiary 
strata  into  and  entirely  across  the  great  Green  River  Basin,  leaving  the 
field  at  the  close  of  the  season  at  Rawlins  Station,  on  the  Union  Pacific 
Railroad. 

-  A  general  statement  of  the  results  of  the  season's  work  has  been 
given-  in  a  previous  paragraph,  but  the  following  additional  summary 
will  make  the  statement  somewhat  clearer,  being  made  after  the  route 
of  the  season's  travel  has  been  indicated.  The  formations  of  later 
Mesozoic  and  earlier  Cenozoic  ages,  especially  those  to  which  Dr.  White, 
in  former  publications,  has  applied  the  provisional  designation  of  "Post- 
Cretaceous,"  have  received  particular  attention.  The  extensive  explora- 
tions of  Dr.  Hayden  in  former  years,  and  the  paleontological  investi- 
gations of  the  late  Mr.  Meek,  pointed  strongly  to  the  equivalency  of  the 
Fort  Union  beds  of  the  Upper  Missouri  River  with  the  lignitic  formation 
as  it  exists  along  the  base  of  the  Rocky  Mountains  in  Colorado,  and 
also  to  the  equivalency  of  the  latter  with  the  Bitter  Creek  series  west 
of  the  Rocky  Mountains.  The  investigations  of  this  year  have  fully 
confirmed  these  views  by  the  discovery  not  merely  of  one  or  two  doubt- 
fnl  species  common  to  the  strata  of  each  of  these  regions,  but  by  an 
identical  mollnscan  fauna  ranging  through  the  whole  series  in  each  of 
the  regions  named. 

This  shows  that  the  strata  just  referred  to  all  belong  to  one  well- 
marked  period  of  geological  time,  to  the  strata  of  which  has  been 
applied  the  name  of  "  Laramie  group,"  (Point  of  Rocks  group  of 
Powell).  His  investigations  also  show  that  the  strata,  which  in  former 
reports  by  himself  and  Professor  Powell  have  been  referred  to  the  base 
of  the  Wasatch  group,  also  belong  to  the  Laramie  group,  and  not  to 
the  Wasatch.  He  has  reached  this  later  conclusion  not  merely  because 
there  is  a  similarity  of  type  in  the  fossils  obtained  from  the  various  strata 
of  the  Laramie  group  with  those  that  were  before  in  question,  but  by 
the  specific  identity  of  many  fossils  that  range  from  the  base  of  the 
Laramie  group  up  into  and  through  the  strata  that  were  formerly  re- 
ferred to  the  base  of  the  Wasatch.  Furthermore,  some  of  these  species 
are  found  in  the  Laramie  strata  on  both  sides  of  the  Rocky  Mountains. 
Thus  the  vertical  range  of  some  of  these  species  is  no  less  than  three 
thousand  feet,  and  their  present  known  geographical  range  more  than  a 
thousand  miles. 

Besides  the  recognition  of  the  unity  of  the  widely-distributed  mem- 
1>ers  of  the  formation  of  this  great  geological  period,  bounded  by  those 
of  undoubted  Cretaceous  age  below  and  those  of  equally  undoubted 
Tertiary  age  above,  his  further  observations  have  left  comparatively 
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little  doubt  that  the  "Lake  Beds"  of  Dr.  Hayden,  as  seen  in  Middle 
Park,  the  "  Brown's  Park  group  "  of  Professor  Powell,  and  the  u  Uinta 
group"  of  Mr.  King,  all  belong  to  one  and  the  same  epoch,  later  than 
and  distinctly  separate  from  the  Bridger  group. 

In  that  portion  of  the  region  which  lies  adjacent  to  the  southern  base 
of  the  Uinta  Mountain  Range,  and  which  is  traversed  by  Lake  Fork 
and  the  Du  Ghesne  River,  not  only  the  Uintah  group,  but  both  the 
Green  River  and  Bridger  groups  also,  are  well  developed,  ea<jh  possess- 
ing all  its  peculiar  and  usual  characteristics  as  seen  at  the  typical  local- 
ities in  the  great  Green  River  Basin,  north  of  the  Uintah  Mountains. 
This,  added  to  the  known  existence  of  Bridger  strata  in  White  River 
Valley,  and  the  extensive  area  occupied  by  the  Green  River  group  be- 
tween White  and  Grand  Rivers,  has  added  very  largely  to  our  knowledge 
of  the  southward  extension  of  those  formations. 

La  all  the  comparative  examinations  of  the  formations  or  groups  of 
strata  that  have  just  been  indicated,  he  has  paid  especial  attention  to 
their  boundaries  or  planes  of  demarkation,  crossing  and  recrossing  them 
wherever  opportunity  offered,  noting  carefully  every  change  of  both 
lithological  and  paleontological  characters.  While  he  has  been  abte  to 
recognize  with  satisfactory  clearness  the  three  principal  groups  of  Cre- 
taceous strata,  namely,  the  Dakota,  Colorado,  and  Fox  Hills,  on  both 
sides  of  the  Rocky  and  Uinta  Mountains,  respectively,  they  evidently 
constitute  an  unbroken  series,  so  far  as  their  origin  by  continuous  sedi- 
mentation is  concerned.  While  each  of  the  groups  possesses  its  own 
peculiar  paleontological  characteristics,  it  is  also  true  that  certain  spe- 
cies pass  beyond  the  recognized  boundaries  of  each  within  the  series. 

The  stratigraphical  plane  of  demarkation  between  the  Fox  Hills,  the 
uppermost  of  the  undoubted  Cretaceous  groups,  and  the  Laramie  group, 
the  so-called  Post-Cretaceous,  is  equally  obscure ;  but  the  two  groups  are 
paleon  tologically  very  distinct,  inasmuch  as  the  former  is  of  marine  origin, 
while  the  latter,  so  far  as  is  now  known,  contains  only  brackish- water  and 
fresh-water  invertebrate  forms.  He  reports  a  similar  obscurity,  or  ab- 
sence of  a  stratigraphical  plane  of  demarkation,  between  the  Laramie 
and  Wasatch  groups,  although  it  is  there  that  the  final  change  from 
brackish  to  entirely  fresh  water  took  place  over  that  great  region.  Fur- 
thermore, he  finds  that  while  the  three  principal  groups  of  the  fresh- 
water Tertiary  series  west  of  the  Rocky  Mountains,  namely,  the  Wasatch, 
Green  River,  and  Bridger  groups,  have  each  peculiar  characteristics, 
and  are  recognizable  with  satisfactory  distinctness  as  general  divisions, 
they  really  constitute  a  continuous  series  of  strata,  not  separated  by 
sharply-defined  planes  of  demarkation,  either  stratigraphical  or  paleon- 
tological. 

During  the  progress  of  the  field-work,  as  above  indicated,  large  and 
very  valuable  collections  of  fossils  have  been  made,  all  of  which  will 
constitute  standards  of  reference  in  the  future  progress  of  the  work, 
and  quite  a  large  number  of  the  species  are  new  to  science.     These  are 
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bow  being  investigated,  and  will  be  published  in  the  usual  paleontolog- 
ies! reports  of  the  survey. 

FOSSIL  ENTOMOLOGY. 

•  Messrs.  S.  H.  Scudder,  of  Cambridge,  and  F.  C.  Bowditch,  of  Boston, 
jpent  two  months  in  Colorado,  Wyoming,  and  Utah,  in  explorations  for 
fosil  insects,  and  in  collecting  recent  Coleoptera  and  Orthoptera,  espe- 
cially in  the  higher  regions.  They  made  large  collections  of  recent 
insects  at  different  points  along  the  railways  from  Pueblo  to  Cheyenne 
and  from  Cheyenne  to  Salt  Lake,  as  well  as  at  Lakin,  Kans.,  Garland 
and  Georgetown,  Colo.,  and  in  various  parts  of  the  South  Park  and  sur- 
rounding region. 

For  want  of  time  they  were  obliged  to  forego  an  anticipated  trip  to 
White  River,  to  explore  the  beds  of  fossil  insects  known  to  exist  there. 
Ten  days  were  spent  at  Green  River  and  vicinity  in  examining  the  Ter- 
tiary strata  for  fossil  insects,  with  but  poor  results ;  the  Tertiary  beds  of 
the  South  Park  yielded  but  a  single  determinable  insect,  but  near  Flo- 
rissant the  Tertiary  basin,  described  by  Mr.  Peale  in  one  of  the  annual 
reports  of  the  Survey,  was  found  to  be  exceedingly  rich  in  insects  and 
plants. 

In  company  with  Rev.  Mr.  Lakes,  of  Golden,  Mr.  Scudder  spent  several 
days  in  a  careful  survey  of  this  basin  and  estimates  the  insect-bearing 
shales  to  have  an  extent  at  least  fifty  times  as  great  as  those  of  the 
famous  locality  at  CEningen  in  Southern  Bavaria.  From  six  to  seven 
thousand  insects  and  two  or  three  thousand  plants  have  already  been 
received  from  Florissant,  and  as  many  more  will  be  received  before  the 
close  of  the  year. 

Mr.  Scudder  was  also  able  to  make  arrangements  in  person  with  par- 
ties who  have  found  a  new  and  very  interesting  locality  of  Tertiary  strata 
in  Wyoming,  to  send  him  all  the  specimens  they  work  out,  and  he  con- 
fidently anticipates  receiving  several  thousand  insects  from  them  in  the 
course  of  the  coming  winter.  The  specimens  from  this  locality  are  re- 
markable for  their  beauty.  There  is,  therefore,  every  reason  to  believe 
the  Tertiary  strata  of  the  Rocky  Mountain  region  are  richer  in  remains 
of  fossil  insects  than  any  other  country  in  the  world,  and  that  within  a 
few  months  the  material  at  hand  for  the  elaboration  of  the  work  on  fossil 
insects,  which  Mr.  Scudder  has  in  preparation  for  the  survey,  will  be 
much  larger  than  was  ever  before  subject  to  the  investigation  of  a  single 
naturalist. 

ZOOLOGY. 

Prof.  Joseph  Leidy,  the  eminent  comparative  anatomist  and  micro- 
wopist,  made  his  second  visit  to  the  West  the  past  season,  under  the 
wspices  of  the  survey.  He  made  a  careful  exploration  of  the  country 
bout  Fort  Bridger,  Uintah  Mountains,  and  the  Salt  Lake  Basin,  in 
earch  of  rhizopods.    He  has  been  engaged  for  a  long  time  on  a  memoir 
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on  this  subject,  which  will  eventually  form  one  of  the  series  of  the  quarto 
Reports  of  the  Survey. 

The  rhizopods  are  the  lowest  and  simplest  forms  of  animals,  mostly 
minute,  and  requiring  high  power  of  the  microscope  to  distinguish  their 
structure.  While  most  of  them  construct  shells  of  great  beauty  and 
variety,  their  soft  part  consists  of  a  jelly-like  substance.  This  the  ani- 
mal has  the  power  of  extending  in  threads  or  finger-like  processes,  which 
are  used  as  organs  of  commotion  and  prehension,  often  branching. 
From  the  appearance  of  their  temporary  organs,  resembling  roots,  the 
class  of  animals  has  received  its  name  of  rhizopoda,  meaning  literally 
root-footed. 

In  compensation  for  the  smallness  of  these  creatures,  they  make  up 
in  numbers,  and  it  is  questionable  whether  any  other  class  of  animals 
exceed  them  in  importance  in  the  economy  of  nature.  Geological  evi- 
dence shows  that  they  were  the  starting-point  of  animal  life  in  time,  and 
their  agency  in  rock-making  has  not  been  exceeded  by  later  higher  and 
more  visible  forms. 

With  the  marine  kind,  known  as  foraminifera,  we  have  been  longest 
familiar.  The  beautiful  many-chambered  shells  of  these — for  the  most 
part  just  visible  to  the  naked  eye — form  a  large  portion  of  the  ocean- 
mud  and  the  sands  of  the  ocean-shore.  Shells  of  foraminifera  likewise 
form  the  basis  of  miles  of  strata  of  limestone,  such  as  the  chalk  of  En- 
gland and  the  limestones  of  which  Paris  and  the  pyramids  of  Egypt  are 
built. 

Fresh-water  rhizopods,  though  not  so  abundant  as  marine  forms,  are 
nevertheless  very  numerous.  They  mainly  inhabit  our  lakes,  ponds,  and 
standing  waters,  but  they  also  swarm  in  sphagnous  swamps,  and  ever 
live  in  newest  earth.  Professor  Leidy  has  devoted  several  years  of 
study  to  the  fresh-water  rhizopods  of  the  eastern  portion  of  our  country, 
and  his  especial  object  in  the  past  expedition  was  to  investigate  those 
which  are  to  be  found  in  the  elevated  regions  of  the  Rocky  Mountains, 

BOTANY. 

The'  botany  of  the  Survey  was  represented  the  past  season  by  the  two 
great  masters  of  that  department,  Sir  Joseph  D.  Hooker,  director  of  the 
Gardens  of  Kew,  England,  and  president  of  the  Royal  Society  of  Lon- 
don ;  and  Prof.  Asa  Gray,  of  Cambridge,  Mass.  Their  examinations  ex- 
tended over  a  great  portion  of  Colorado,  Wyoming,  Utah,  Nevada,  and 
California.  Their  investigation  into  the  alpine  floras  and  tree  vegeta- 
tion of  the  Rocky  Mountains  and  Sierra  Nevada  enabled  them  to  give  a 
clear  idea  of  the  relations  and  influence  of  the  climatic  conditions  on 
both  sides  of  the  great  mountain-ranges. 

Sir  Joseph  Hooker,  whose  botanical  researches  embrace  the  greater 
part  of  Europe ;  the  Indies,  from  the  bay  of  Bengal  across  the  Hima- 
layas to  Thibet ;  the  Antarctic  regions  and  the  southern  part  of  South 
America,  New  Zealand,  Australia,  South  Africa,  Morocco,  and  Asia 
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Minor,  presents  in  the  English  periodical  "Nature"  for  October  25  an 
outline  of  his  studies  during  the  season,  and  this  outline  when  filled  out 
filiform  a  most  important  report  for  the  Eleventh  Annual  Report  of  the 
Surrey.  It  will  be  seen  at  a  glance  that  the  report  will  be  of  the  most 
comprehensive  character,  and  cannot  fail  to  be  of  the  highest  interest 
to  our  people.  The  tree  vegetation,  and  especially  the  conifera,  were 
made  special  objects  of  study,  and  many  obscure  points  were  cleared  up. 
Of  a  section  of  the  Rocky  Mountains  comprising  Colorado,  Wyoming, 
and  Utah,  Dr.  Hooker  says : 

Such  a  section  of  the  Rocky  Mountains  most  hence  contain  representatives  of  three 
Tery  distinct  American  floras,  each  characteristic  of  immense  areas  of  the  continent. 
There  are  two  temperate  and  two  cold  or  mountain  floras,  viz:  (1)  a  prairie  flora 
derived  from  the  eastward ;  (2)  a  so-called  desert  and  saline  flora  derived  from  the 
▼est;  (3)  a  sabalpine ;  and  (4)  an  alpine  flora ;  the  two  latter  of  widely  different  origin, 
udin  one  sense  proper  to  the  Rocky  Mountain  Ranges. 

The  principal  American  regions  with  which  the  comparison  will  have  first  to  be  in- 
stated are  four.  Two  of  these  are  in  a  broad  sense  humid ;  one,  that  of  the  Atlantic 
coast,  and  which  extends  thence  west  to  the  Mississippi  River,  including  the  forested 
ihores  of  that  river's  western  affluents ;  the  other,  that  of  the  Pacific  side,  from  the 
Sana  Nevada  to  the  western  ocean ;  and  two  inland,  that  of  the  northern  part  of  the 
Hutment  extending  to  the  Polar  regions,  and  that  of  the  southern  part  extending 
through  New  Mexico  to  the  Cordillera  of  Mexico  proper. 

The  first  and  second  (Atlantic  plus  Mississippi  and  the  Pacific)  regions  are  traversed 
by  meridional  chains  of  mountains  approximately  parallel  to  the  Rocky  Mountains, 
namely,  on  the  Atlantic  side  by  the  various  systems  often  included  under  the  general 
term  Appalachian,  which  extend  from  Maine  to  Georgia,  and  on  the  Pacific  side  by  the 
Sierra  Nevada,  which  bound  California  on  the  east.  The  third  and  fourth  of  the 
regions  present  a  continuation  of  the  Rocky  Mountains  of  Colorado  and  Utah,  flanked 
far  a  certain  distance  by  an  eastern  prairie  flora  extending  from  tho  British  Possessions 
to  Texas,  and  a  western  desert  or  saline  flora,  extending  from  the  Snake  River  to  Ari- 
zona and  Mexico.  Thus  the  Colorado  and  Utah  floras  might  be  expected  to  contain 
representatives  of  all  the  various  vegetations  of  North  America,  except  the  small  trop- 
ical region  of  Florida,  which  is  confined  to  the  extreme  southeast  of  the  continent. 

The  most  singular  botanical  feature  of  North  America  is  unquestionably  the  marked 
contrast  between  its  two  humid  floras,  namely,  those  of  the  Atlantic  plus  Mississippi, 
*nd  the  Pacific  one ;  this  has  been  ably  illustrated  and  discussed  by  Dr.  Gray  in  various 
communications  to  the  American  Academy  of  Sciences,  and  elsewhere,  and  he  has  further 
largely  traced  the  peculiarities  of  each  to  their  source,  thus  laying  the  foundations  for 
*U  future  researches  into  the  botanical  geography  of  North  America;  but  the  relations 
of  the  dry  intermediate  region  either  to  these  or  to  the  floras  of  other  countries  had  not 
oe«n  similarly  treated,  and  this  we  hope  that  wo  have  now  materials  for  discussing. 

Dr.  Hooker  sums  up  the  results  of  the  joint  investigations  of  Dr.  Gray 
and  himself,  aided  by  Dr.  Gray's  previous  intimate  knowledge  of  the 
American  flora,  from  the  Mississippi  to  the  Pacific  coast: 

That  the  vegetation  of  the  middle  latitudes  of  the  continent  resolves  itself  into  three 
principal  meridional  floras,  incomparably  more  diverse  than  those  presented  by  any 
ttttuar  meridians  in  the  Old  World,  being,  in  fact,  as  far  as  the  trees,  shrubs,  and  many 
feaera  of  herbaceous  plants  are  concerned,  absolutely  distinct.  These  are  the  two 
hamidand  the  dry  intermediate  regions  above  indicated. 

Each  of  these,  again,  is  subdivisible  into  three,  as  follows : 

1.  The  Atlantic  slope  plus  Mississippi  region,  subdivisible  into  (a)  an  Atlantic,  (/J) 
a  Mississippi  Valley,  and  (y)  an  interposed  mountain  region  with  a  temperate  and  sub- 
ftlpme  flora. 
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2.  The  Pacific  slope,  subdivisible  into  (a)  a  very  humid,  cool,  forest-clad  coast  range ; 
(/3)  the  great,  hot,  drier  Californian  valley,  formed  by  the  San  Juan  River  flowing  to 
the  north,  and  the  Sacramento  River  flowing  to  the  south,  both  into  the  Bay  of  San 
Francisco ;  and  (y)  the  Sierra  Nevada  flora,  temperate,  subalpine,  and  alpine. 

3.  The  Rocky  Mountain  region  (in  its  widest  sense  extending  from  the  Mississippi 
beyond  its  forest  region  to  the  Sierra  Nevada),  subdivisible  into  (a)  a  prairie  flora,  (/?) 
a  desert  or  saline  flora,  (y)  a  Rocky  Mountain  proper  flora,  temperate,  subalpine,  and 
alpine. 

As  above  stated,  the  difference  between  the  floras  of  the  first  and  second  of  these  re- 
gions is  specifically,  and  to  a  great  extent  generically,  absolute ;  not  a  pine  or  oak, 
maple,  elm,  plane,  or  birch  of  Eastern  America  extends  to  Western,  and  genera  of 
thirty  to  fifty  species  are  confined  to  each.  The  Rocky  Mountain  region  again,  though 
abundantly  distinct  from  both,  has  a  few  elements  of  the  eastern  region  and  Still  more 
of  the  western. 

Many  interesting  facts  connected  with  the  origin  and  distribution  of  American  plants, 
and  the  introduction  of  various  types  into  the  three  regions,  presented  themselves  to 
our  observation  or  our  minds  during  our  wanderings.  Many  of  these  are  suggestive  of 
comparative  study  with  the  admirable  results  of  Heer's  and  Lesquereux's  investiga- 
tions into  the  Pliocene  and  Miocene  plants  of  the  north  temperate  and  frigid  zones, 
and  which  had  already  engaged  Dr.  Gray's  attention,  as  may  be  found  in  his  various 
publications.  No  less  interesting  are  the  traces  of  the  influence  of  a  glacial  and  a 
warmer  period  in  directing  the  course  of  migration  of  Arctic  forms  southward,  and 
Mexican  forms  northward  in  the  continent,  and  of  the  effects  of  the  great  body  of 
water  that  occupied  the  whole  saline  region  during  (as  it  would  appear)  a  glacial 
period. 

Lastly,  curious  information  was  obtained  respecting  the  ages  of  not  only  the  big 
trees  of  California,  but  of  equally  aged  pines  and  junipers,  which  are  proofs  of  that 
duration  of  existing  conditions  of  climate  for  which  evidence  has  hitherto  been  sought 
rather  among  fossil  than  among  living  organisms. 

ARCHEOLOGY. 

Up  to  the  year  1874  rumor  had  been  telling  many  marvelous  stories 
of  strange  and  interesting  habitations  of  a  forgotten  people,  who  once 
occupied  the  country  about  the  headwaters  of  the  Eio  San  Juan,  but 
these  narrations  were  so  interwoven  with  romance  that  but  few  people 
placed  much  reliance  upon  them.  To  those  well  versed  in  archaeology, 
ruins  of  an  extensive  and  interesting  character  were  known  to  exist 
throughout  New  Mexico  and  Arizona,  and  the  various  reports  of  Abert, 
Johnson,  Sitgreaves,  Simpson,  Whipple,  Newberry,  and  others  form  our 
most  interesting  chapter  in  ancient  American  history;  but  their  re- 
searches, aside  from  the  meager  accounts  published  by  Newberry,  throw 
no  light  on  the  marvelous  cliff  dwellings  and  towns  north  of  the  San 
Juan.  In  1874  the  photographic  division  of  the  United  States  Geolog- 
ical Survey  was  instructed,  in  connection  with  its  regular  work,  to  visit 
and  report  upon  these  ruins,  and  in  pursuance  of  this  object  made  a 
hasty  tour  of  the  region  about  the  Mesa  Verde  and  the  Sierra  el  Late,  in 
Southwestern  Colorado,  the  results  of  which  trip,  as  expressed  by  Ban- 
croft, in  the  Native  Races  of  the  Pacific  Coast,  "  although  made  known 
to  the  world  only  through  a  three  or  four  days'  exploration  by  a  party 
of  three  men,  are  of  the  greatest  importance."  A  report  was  made  &nd 
published,  with  fourteen  illustrations,  in  the  Bulletin  of  the  United 
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States  Geological  and  Geographical  Survey  of  the  Territories,  second 
series,  No.  1. 

The  following  year  the  same  region  was  visited  by  Mr.  W.  H.  Holmes, 
one  of  the  geologists  of  the  Survey,  and  a  careful  investigation  made  of 
all  the  ruins.  Mr.  Jackson,  who  had  made  the  report  the  previous  year, 
also  revisited  this  locality,  but  extended  his  explorations  down  the  San 
Juan  to  the  mouth  of  the  De  Chelly,  and  thence  to  the  Moqui  villages 
in  Northeastern  Arizona.  Returning,  the  country  between  the  Sierra 
Abajo  and  La  Sal  and  the  La  Plata  was  traversed,  and  an  immense  number 
of  very  interesting  ruins  were  first  brought  to  the  attention  of  the  outside 
world  by  the  report  which  was  published  the  following  winter  in  the 
Bulletin  of  the  Survey,  Vol.  II,  No.  1. 

The  full  report  on  these  ancient  ruins,  so  far  as  the  Survey  is  con- 
cerned, was  published  in  the  Tenth  Annual  Report  of  the  Survey,  with 
many  illustrations. 

The  occasion  of  the  Centennial  Exhibition  at  Philadelphia  led  to  the 
idea  of  preparing  models  of  these  ruins  for  the  clearer  illustration  of 
their  peculiarities,  four  of  which  were  completed  in  season  for  the  open- 
ing of  the  exhibition.  Since  that  time  not  only  the  number  of  these 
interesting  models  has  been  increased,  but  they  have  been  perfected  in 
execution  and  faithful  delineation  of  these  mysterious  remains  of  an 
extinct  race  who  once  lived  within  the  borders  of  our  western  domain. 

A  study  of  these  models  will  give  a  very  excellent  idea  of  the  ruined 
dwellings  themselves.  The  first  of  these  models,  executed  by  Mr. 
Holmes,  represents  the  cliff  house  of  the  Mancos  Cafion,  the  exterior  di- 
mensions of  which  are  28  inches  in  breadth  by  46  inches  in  height,  and 
on  a  scale  of  1.24,  or  two  feet  to  the  inch.  This  is  a  two-story  building, 
constructed  of  stone,  occupying  a  narrow  ledge  in  the  vertical  face  of  the 
bluff  700  feet  above  the  valley,  and  200  feet  from  the  top.  It  is  24  feet 
in  length  and  14  feet  in  depth,  and  divided  into  four  rooms  on  the 
ground-floor.  The  beams  supporting  the  second  floor  are  all  destroyed. 
The  doorways,  serving  also  as  windows,  were  quite  small,  only  one  small 
aperture  in  the  outer  wall  facing  the  valley.  The  exposed  walls  were 
lightly  plastered  over  with  clay,  and  so  closely  resembled  the  general 
surface  of  the  bluff  that  it  becomes  exceedingly  difficult  to  distinguish 
them  at  a  little  distance  from  their  surroundings. 

The  second  model  of  this  series  was  constructed  by  Mr.  Jackson,  and 
represents  the  large  "cave  town,"  in  the  valley  of  the  Rio  de  Chelly 
near  its  junction  with  the  San  Juan.  This  town  is  located  upon  a  nar- 
row bench,  occurring  about  80  feet  above  the  base  of  a  perpendicular 
bluff  some  300  feet  in  height.  It  is  545  feet  in  length,  about  40  feet  at 
its  greatest  depth,  and  shows  about  75  apartments  on  its  ground  plan. 
The  left-hand  third  of  the  town,  as  we  face  it,  is  overhung  some  distance 
by  the  bluff,  protecting  the  buildings  beneath  much  more  perfectly  than 
the  others.  This  is  the  portion  represented  by  the  model.  A  three- 
story  tower  forms  the  central  feature;  upon  either  side  are  rows  of 
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lesser  buildings,  built  one  above  another  upon  the  sloping  floor  of  rock. 
Nearly  all  these  buildings  are  in  a  fair  state  of  preservation.  This  model 
is  37  by  47  inches,  outside  measurements,  and  the  scale  1.72,  or  6  feet  to 
the  inch.  A  "restoration"  of  the  above  forms  the  third  in  the  series,  of 
the  same  size  and  scale,  and  is  intended,  as  its  name  implies,  to  repre- 
sent as  nearly  as  possible  the  original  condition  of  the  ruin.  In  this  we 
see  that  the  approaches  were  made  by  ladders  and  steps  hewn  in  the 
rock,  and  that  the  roofs  of  one  tier  of  rooms  served  as  a  terrace  for  those 
back  of  them,  showing  a  similarity,  at  least,  in  their  construction  to  the 
works  of  the  Pueblos  in  New  Mexico  and  Arizona.  Scattered  about 
over  the  buildings  are  miniature  representations  of  the  people  at  their 
various  occupations,  with  pottery  and  other  domestic  utensils. 

The  "triple- walled  tower,"  at  the  head  of  the  McElmo,  is  the  subject 
of  the  fourth  model,  and  represents,  as  indicated  by  its  title,  a  triple- 
walled  tower,  situated  in  the  midst  of  a  considerable  extent  of  lesser 
ruins,  probably  of  dwellings,  occupying  a  low  bench  bordering  the 
dry  wash  of  the  McElmo.  The  tower  is  42  feet  in  diameter,  the  wall  2 
feet  thick,  and  now  standing  some  12  feet  high.  The  two  outer  walls 
inclose  a  space  of  about  6  feet  in  width,  which  is  divided  into  14  equally- 
sized  rooms,  communicating  with  one  another  by  small  window-like 
doorways.  The  next  is  a  "  cliff-house  "  in  the  valley  of  the  Bio  de  Ohelly. 
It  is  about  20  miles  above  the  cave  town  already  spoken  of.  This  is  a 
two-story  house,  about  twenty  feet  square,  occupying  a  ledge  some  75 
feet  above  the  valley,  and  overhung  by  the  bluff.  The  approach  from 
the  valley  is  by  a  series  of  steps  hewn  in  the  steep  face  of  the  rock ;  and 
this  method  was  the  one  most  used  by  the  occupants,  although  there  is 
a  way  out  to  the  top  of  the  bluff.  This  model  is  42  inches  in  height  by 
24  broad,  and  is  built  upon  a  scale  of  1.36. 

T<§wa,  one  of  the  seven  Moqui  towns  in  Northeastern  Arizona,  is  a 
very  interesting  and  instructive  model,  representing,  as  it  does,  one  of 
the  most  ancient  and  best  authenticated  of  the  dwellings  of  a  people 
who  are  supposed  to  be  the  descendants  of  the  cliff-dwellers.  T6wa  is 
the  first  of  the  seven  villages  forming  the  province  as  we  approach 
them  from  the  east,  and  occupies  the  summit  of  a  narrow  mesa  some 
600  feet  in  height  and  1,200  yards  in  length,  upon  which  are  also  two 
other  somewhat  similar  villages.  The  approach  is  by  a  circuitous  roful- 
way  hewn  in  the  perpendicular  face  of  the  bluff,  which  surrounds  the 
mesa  upon  all  sides.  It  is  the  only  approach  accessible  for  animals  to 
the  three  villages.  Other  ladder-like  stairways  are  cut  iu  the  rock, 
which  are  used  principally  by  the  water  earners,  for  all  their  springs 
and  reservoirs  are  at  the  bottom  of  the  mesa.  This  village  is  represented 
upon  a  scale  of  1  inch  to  8  feet,  or  1.96.  The  dimensions  of  the  model 
are  36  inches  in  length,  29  inches  in  width,  and  14  inches  in  height. 

In  the  spring  of  1877,  Mr.  Jackson  inado  a  tour  over  much  of  the 
northern  part  of  New  Mexico,  and  westward  to  the  Moqui  towns  in 
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Arizona,  and  secured  materials  for  a  number  of  very  interesting  models, 
illustrating  the  methods  of  the  Pueblos  or  town-builders  in  the  construc- 
tion of  their  dwellings.  Two  villages  have  been  selected  for  immediate 
construction,  as  showing  the  most  ancient  and  best  known  examples  of 
their  peculiar  architecture,  viz:  Taos  and  Acoma;  the  one  of  many- 
storied,  terraced  houses,  and  the  other  built  high  up  on  an  impregnable 
rock.  The  model  of  Taos  is  now  completed,  the  dimensions  of  which 
are  42  by  39  inches,  and  the  scale  one  inch  to  twenty  feet,  1:  240. 
Of  this  town  Davis  says : 

It  is  the  best  sample  of  the  ancient  mode  of  building.  Here  are  two  large  houses 
three  or  four  hundred  feet  in  length,  and  about  one  hundred  and  fifty  feet  wide  at  the 
base.  They  are  situated  upon  opposite  sides  of  a  small  creek,  and  in  ancient  times 
are  said  to  have  been  connected  with  a  bridge.  They  are  five  and  six  stories  high, 
each  story  receding  from  the  one  below  it,  and  thus  forming  a  structure  terraced  from 
top  to  bottom.  Each  story  is  divided  into  numerous  little  compartments,  the  outer 
tier  of  rooms  being  lighted  by  small  windows  in  the  sides,  while  those  in  the  interior 
of  the  building  are  dark,  and  are  principally  used  as  storerooms.  *  *  *  The  only 
means  of  entrance  is  through  a  trap-door  in  the  roof,  and  you  ascend  from  story  to 
story  by  means  of  ladders  on  the  outside,  which  are  drawn  up  at  night. 

Their  contact  with  Europeans  has  modified  somewhat  their  ancient 
style  of  buildings,  principally  in  substituting  doorways  in  the  walls  of 
their  houses  for  those  in  the  roof.  Their  modern  buildings  are  rarely 
over  two  stories  in  height,  and  are  not  distinguishable  from  those  of 
their  Mexican  neighbors.  The  village  is  surrounded  by  an  adobe  wall, 
which  is  first  included  within  the  limits  of  the  model,  and  incloses  an 
area  of  eleven  or  twelve  acres  in  extent.  Within  this  limit  are  four  of 
their  estufas,  or  secret  council-houses.  These  are  circular  underground 
apartments,  with  a  narrow  opening  in  the  roof,  surrounded  by  a  pali- 
sade, ladders  being  used  to  go  in  and  out. 

These  models  are  first  carefully  built  up  in  clay,  in  which  material  all 
the  detail  is  readily  secured,  and  are  then  cast  in  plaster,  a  mold  being 
secured  by  which  they  are  readily  multiplied  to  any  extent.  They  are 
then  put  in  the  hands  of  the  artists  and  carefully  colored  in  solid  oil 
paints  to  accurately  resemble  their  appearance  in  nature,  and,  in  the 
case  of  restorations  or  modern  buildings,  all  the  little  additions  are  made 
which  will  give  them  the  appearance  of  occupation.  The  survey  is  in 
possession  of  the  data  for  the  construction  of  many  more  models,  and 
they  will  be  brought  out  as  opportunity  is  given.  They  have  also,  in 
connection  with  the  views,  multiplied  many  of  the  curious  pieces  of  pot- 
tery which  have  been  brought  back  from  that  region  by  the  various 
parties  connected  with  the  survey. 

These  models  are  now  in  the  possession  of  several  of  the  leading  mu- 
seums of  this  country  and  of  Europe,  in  Washington,  Princeton,  Cam- 
bridge, New  York,  London,  Paris,  and  Berlin,  and  will  servfc  more  fully 
to  illustrate  and  perpetuate  our  knowledge  of  this  singular  period  in  our 
ooontry's  history. 
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THE  VALUE  OF  PALEONTOLOGY  IN  THE  WORK  OP  THE  SURVEY. 

By  examining  the  publications  of  the  survey,  it  will  be  seen  that  much 
attention  has  been  given  to  the  ancient  fauna  and  flora  of  our  Western 
Territories.  The  memoirs  by  Leidy,  Cope,  Lesquereux,  Scudder,  Meek, 
and  White  will  always  remain  as  imperishable  monuments  of  their  la- 
bors in  their  respective  departments.  The  value  of  their  studies  in  con- 
nection with  geologica  1  explorations  and  surveys  is  often  in  danger  of 
being  underestimated  by  not  being  correctly  understood;  but  the  im- 
portance of  such  work  may  be  indicated  by  the  fact  that  it  is  upon  the 
study  of  fossil  remains  that  the  whole  system  of  geology  was  originally 
based,  and  which  study  now  forms  the  only  reliable  foundation  for  the 
correct  classification  of  the  stratified  rocks  of  the  earth. 

The  study  of  the  fossil  remains  of  animals  and  plants  not  only  adds 
immensely  to  the  sciences  of  zoology  and  botany,  giving  them  a  com- 
pleteness which  could  never  be  attained  by  the  study  of  living  forms 
alone,  but  it  has  immediate  and  direct  practical  application  in  the  eluci- 
dation of  the  systematic  geology  of  every  region  as  well  as  a  general 
and  universal  classification  of  the  stratified  rocks.  It  is  unfortunately 
the  case  that  many  attempts  have  been  made  by  persons  reporting  upon 
the  geology  of  certain  districts  to  base  the  classification  of  the  formations 
within  it  upon  the  lithological  characteristics  alone,  ignoring  the  fossil 
remains  as  not  being  of  practical  value  for  such  purposes.  While  this 
method  of  classification  ijs  often  approximately  correct  for  limited  areas, 
it  is  even  in  such  cases  often  erroneous  and  always  subject  to  serious 
error,  and  in  larger  regions  wholly  unreliable.  The  history  of  geology 
contains  cases  in  which  resurveys  of  considerable  districts,  at  great  ex- 
pense, have  been  rendered  necessary  by  a  failure  to  follow  the  indications 
afforded  by  the  fossil  remains  of  the  strata  concerned. 

The  following  brief  statement  may  be  taken  as  illustrating  the  method 
of  applying  a  knowledge  of  fossil  remains  to  the  classification  of  the 
strata  containing  them.    The  different  groups  of  strata,  or  the  forma- 
tions that  make  up  the  great  series  of  stratified  rocks  of  the  earth,  from 
the  earliest  to  the  latest  formed,  are  each,  respectively,  characterized  by 
their  own  peculiar  kinds  or  types  of  fossils.    The  paleontologist  studies 
these,  and,  by  familiar  acquaintance  with  their  respective  characteristics, 
he  is  able  to  recognize  the  particular  formations  to  which  they  belong 
wherever  he  may  discover  them,  whether  then  associated  with  other 
formations  or  not.     Each  formation  being  thus  characterized,  he  finds 
that  they  hold  definite  and  invariable  relations  of  superposition  to  each 
other )  and  that  this  order  of  their  relation  is  never  interchanged  or  re- 
versed ;  for  an  animal  or  vegetable  type  once  introduced  and  become 
extinct  has  never  been  repeated,  but  it  has  left  the  evidence  of  its  former 
existence  to  mark  an  epoch  in  the  passage  of  geological  time.     By  this 
***eans  the  paleontologist  is  able  to  determine  the  position  in  the  great 
*OaJe  of  formations,  any  one  of  these  that  he  may  discover  in  any  part 
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of  the  earth,  even  if  the  others  are  not  there  present  for  study  in  direct 
connection.  In  no  other  way  can  the  relative  geological  age  of  forma- 
tions be  accurately  known.  Therefore,  admitting  the  utility  of  geology 
at  all,  the  practical  utility  of  paleontology  must  be  plainly  recognized. 

But  it  is  not  only  in  this  general  way  that  the  practical  utility  of 
paleontology  is  shown,  for  there  are  many  ways  in  which  its  application 
gains  or  saves  from  useless  expenditure  great  sums  of  money. 

The  study  of  fossil  remains  found  in  the  strata  which  are  associated 
with  beds  of  coal,  and  those  found  in  the  formations  which  respectively 
underlie  and  overlie  the  coal  formation,  show  that  each  is  so  character- 
used  by  its  own  peculiar  fossils  that  they  can  be  unhesitatingly  recog- 
nized by  them,  even  when  no  coal  is  visible,  and  the  lithological  charac- 
ter of  the  strata  is  found  to  be  different  from  what  it  was  where  last 
observed.  Thus,  if,  in  the  geological  examination  of  a  district,  the  rocks 
at  any  certain  place  are  found  to  contain  the  fossils  peculiar  to  the  for- 
mation which  belongs  above  that  which  contains  the  coal,  the  latter  lies 
beneath,  and  coal  may  reasonably  be  sought  by  deep  mining.  If,  on  the 
contrary,  the  formation  examined  be  found  to  contain  the  fossils  pecu- 
liar to  the  one  whose  place  in  the  geological  scale  is  beneath  the  coal 
formation,  search  for  coal  in  the  whole  region  in  which  that  formation 
is  at  the  surface  is  sure  to  result  in  failure,  because  the  coal  formation 
has  either  been  removed  by  erosion,  or  it  was  never  deposited  there. 
In  either  case  it  is  a  certain  waste  of  money  to  search  for  coal  under 
such  circumstances. 

The  history  of  mining  has  been  said  to  be  a  history  of  failures;  and 
this  is  doubtless  true  as  regards  preliminary  operations  or  prospecting. 
It  is  especially  true  as  regards  prospecting  for  coal,  and  it  is  safe  to  say 
that  far  the  larger  part  these  failures  might  have  been  avoided  by  a 
moderate  amount  of  paleontological  knowledge  and  an  observance  of  its 
teachings. 

The  sums  which  have  been  expended  by  private  enterprise  in  the 
search  for  coal  in  the  different  States  of  the  Union,  in  places  where  one 
possessing  the  merest  rudiments  of  paleontological  knowledge  would 
have  known  better,  is  enormous;  and  this  waste  of  labor  and  capital  can 
be  stopped  only  by  a  proper  diffusion  of  the  knowledge  referred  to. 

Besides  the  determination  of  these  facts  of  immediate  practical  use  in 
limited  districts,  the  paleontological  study  of  the  formations  enables  us 
to  map  large  regions  and  to  indicate  the  boundaries  within  which  it  is 
reasonable  to  search  for  coal  or  other  valuable  products,  and  beyond 
which  such  search  is  sure  to  result  in  failure.  Many  examples  of  this 
kind  might  be  cited,  but  these  remarks  will  be  closed  with  a  single  illus- 
tration drawn  from  the  recorded  results  of  this  survey.  Coal  is  found 
abundantly  in  the  Laramie  formation  at  the  eastern  base  of  the  Rocky 
Mountains  in  Colorado.  The  associated  strata  are  found  to  be  charac- 
terized by  peculiar  fossils.  The  different  formations  which  immediately 
underlie  the  surface  of  the  great  plains  east  of  those  mountains  are  so 
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leveled  off  and  obscured  by  soil  dSbris  that  they  ean  nowhere  be  recog- 
nized or  distinguished  from  each  other  except  by  their  fossils.  Chance 
exposures  at  long  intervals,  and  the  sinking  of  occasional  wells,  have  re- 
vealed the  peculiar  fossils  of  that  coal-bearing  formation  at  points  as  far 
out  on  the  plains  as  Western  Kansas,  and  it  is  reasonable  to  infer  that 
the  formation  has  a  still  wider  range  than  is  thus  indicated  by  such  facts 
at  present  known.  It  is  therefore  reasonable  to  expect  to  find  coal  over 
a  large  region  far  out  on  those  plains  which  is  wholly  destitute  of  all 
other  kinds  of  fuel.  Important  districts  within  that  region  will  thus  be 
rendered  profitably  habitable,  which  would  otherwise  be  worthless. 

The  Survey  is  under  great  obligations  to  Dr.  Elliott  Goues  for  his 
continuous  and  able  superintendence  of  the  publications  of  the  past 
year.  He  was  so  fully  occupied  that  he  could  not  perform  any  extended 
zoological  work  in  the  field.  A  synopsis  of  the  numerous  publications 
of  the  Survey  will  be  prepared  Ly  him  for  the  Annual  Keport  for  1878. 

The  thanks  of  the  Survey  are  also  due  to  Mr.  James  Stevenson,  ex- 
ecutive officer,  for  his  able  management  both  in  the  field  and  in  the  office. 
Very  respectfully,  your  obedient  servant, 

P.  V.  HAYDEN, 
United  States  Geologist 

To  the  Secretary  of  the  Interior. 
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LETTER  OF  TRANSMITTAL.        ••;-.: 

Washington,  D.  C,  May  15, 1878. 

Sir  :  I  have  the  honor  herewith  to  submit  my  report  of  1877  as  goolo- 
jrist  of  the  Sweetwater  division.  The  party  to  which  this  area  wis  as- 
signed for  exploration  consisted  of  G.  B.  Chittenden,  toi>ographerdiyect- 
ing;  Charles  H.  Howes,  assistant  topographer;  Edward  T.  Clyiiripj  as- 
sistant geologist,  and  myself.  Two  packers  and  a  cook  completed  *t"he 
personnelle.  According  to  instructions  received,  we  started  from  CitiVy- 
enne  on  May  31,  by  rail,  for  Salt  Wells  station.  On  June  2  wo  com- 
menced  our  field-work.  Making  Camp  Stambaugh  and  Kawlin's  Springs 
our  bases  of  supplies,  we  arranged  our  trips  so  as  to  reach  them  at  the 
proper  time.  To  the  officers  of  both  Camp  Stambaugh  and  Camp  Brown 
we  are  under  great  obligations  for  the  efficient  aid  they  kindly  rendered 
us  in  many  instances.  Our  work  was  facilitated  and  we  were  enabled 
to  avoid  many  annoyances  through  their  cheerfully  extended  courtesy. 

During  the  season  two  of  the  members  of  our  party  were  taken  sick 
with  mountain  fever,  but  both  recovered  fully.  After  having  com- 
pleted my  portion  of  the  work,  I  left  the  party  on  September  17,  rode  to 
Rawlings'  and  proceeded  from  there  to  the  region  of  Evanston,  Wyo.,  in 
order  to  examine  the  coal-mines.  September  23,  the  rest  of  the  party 
reached  Fort  Steele  and  disbanded.  So  as  to  comply  with  the  orders 
which  required  our  return  by  October  1,  a  small  portion  of  the  district 
assigned  to  us  remained  unsurveyed.  During  the  season  we  rode  over 
2,.300  miles.    The  pack-train,  in  the  same  time  marched  1,500  miles. 

Owing  to  the  protracted,  severe  illness  of  Mr.  Chittenden,  no  map  has 
been  prepared  as  yet  showing  the  results  of  our  labors.  As  no  good 
map  of  that  region  exists,  furnishing  a  sufficiently  large  scale,  1  am 
forced  to  modify  the  usual  arrangement  of  my  report.  2so  references 
can  be  made  to  localities  which  are  not  represented  by  the  older  maps, 
and  descriptions  thereof  must  necessarily  suffer.  In  order  to  remedy, 
as  far  as  possible,  this  want,  I  have  prefaced  my  report  with  an  itinerary. 
In  this  will  be  found  a  connected  account  of  the  trip,  which  may  aid  in 
making  more  intelligible  the  allusions  in  subjoined  pages  to  the  names 
of  places  and  regions  we  visited.  The  report  proper  is  divided  into  live 
chapters.  Of  these,  the  first  treats  of  the  physical  and,  in  part,  faunal 
character  of  the  country  surveyed;  the  second  describes  the  surface  and 
Btructural  geology  of  the  Wind  River  Range  and  the  country  east  of  it ; 
the  third  treats  of  the  country  comprised  within  the  Sweetwater  drainage ; 
the  fourth  discusses  the  low  southern  country ;  and  the  fifth  contains  a 
review  of  the  economic  geology  of  the  district,  besides  a  "  Conclusion." 
An  appendix  has  been  added,  containing  a  catalogue  of  the  minerals 
found  within  our  district.  The  study  of  the  coal-mines  will  be  the  sub- 
ject of  a  separate  report. 

Owing  to  the  want  of  a  reliable  map,  much  information  has  necessarily 
been  omitted  which  otherwise  might  have  been  embodied  in  this  report. 
The  distances  given,  from  point  to  point,  are  not  measured  or  calculated, 
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but  estimated.  For  tips  reason  I  would  beg  leave  to  submit  the  strictly 
geological  report  lately  as  a  preliminary  one,  expecting  to  enlarge  it 
and  furnish  a  largechumber  of  definitely  established  data  at  some  future 
time,  after  the  necessary  maps  have  been  prepared. 

To  the  meitfl^f s  of  the  party,  and  especially  to  my  assistant,  Mr. 
Clymer,  are  due  my  sincere  thanks  for  their  cooperation  during  the  field- 
season.  Dr.'*Cj6ues  has  kindly  furnished  me  with  the  names  of  various 
animals  wlj£h  we  observed  during  the  trip,  and  I  am  under  obligations 
to  him  tfifce^for.  Dr.  Vasey  has  rendered  the  same  service  with  refer- 
ence to  the  plants. 

Hoping  that  the  subjoined  report  may  meet  your  requirements,  I  have 
the  lipuQt  to  remain,  sir,  very  respectfully,  your  obedient  servant. 
/■..;••  FEEDEEIC  M.  ENDLICH. 

.-DhvF.  V.  Hayden, 
'•'-.*'   Geologist-in-charge  United  States  Geological 

and  Geographical  Survey  of  the  Territories. 


REPORT  ON  THE  GEOLOGY  OF  THE  SWEETWATER  DISTRICT. 


By  F.  M.  Ekdlich,  S.  N.  D. 


ITIKERABY. 


During  the  summer  season  of  1877,  a  district  was  assigned  to  us  lying 
between  north  latitude  41°  45'  and  43°,  and  west  longitude  107°  and 
109°  3C,  within  the  Territory  of  Wyoming.  A  portion  of  the  ground  had 
been  covered  by  Fremont's  expedition  in  1842-,43,  and  by  Dr.  Hayden's 
explorations  during  1870.  For  the  purpose  of  continuing  the  regularly 
mapped  survey  of  the  Territories,  it  was  necessary  that  connected  explo- 
rations of  this  region  should  be  made.  The  area  assigned  to  us  covered 
11,300  square  miles,  but  a  portion  thereof  remained  unsurveyed,  owing 
to  the  advanced  season.  Much  that  heretofore  was  unknown  within 
the  district  has  been  discovered,  and  points  remaining  in  doubt  have 
been  cleared  up.  As  no  map  can  accompany  thesubjoined  geological  report, 
this  itinerary  may  facilitate  the  determination  and  recognition  of  localities 
referred  to  therein.  A  certain  amount  of  repetition  will  occur:  but  as 
the  one  description  is  prepared  from  the  standpoint  of  a  traveller,  and 
the  other  from  that  of  a  geologist,  it  may  be  hoped  that  each  will  present 
features  which  the  other  does  not  contain. 

FUOM  SALT  WELLS  TO  CAMP  STAMBAUGII. 

Having  left  Cheyenne  by  rail  May  31,  we  reached  Salt  Wells  Station 
early  on  June  1.  The  day  was  fully  occupied  in  arranging  and  classify- 
ing the  provisions,  instruments,  ammunition,  and  personal  property  of  the 
party.  As  might  be  expected,  the  mules,  which  had  for  seven  months 
been  perfectly  idle,  exhibited  a  degree  of  friskiness  that  promised  char- 
acteristic developments  upon  their  first  packing.  Proceeding  in  a 
direction  a  little  west  of  north,  we  left  the  Union  Pacific  Railroad  and 
reached  our  first  camp  on  Packer's  Creek.  It  was  found  to  be  dry,  but 
water  was  obtained  from  some  small  alkaline  pools  in  the  vicinity. 
Early  on  the  day  following  we  started,  alter  having  collected  our  stray- 
ing animals,  and  travelled  in  a  direction  north  of  east.  In  the  distance 
some  prominent  black  hills  appeared,  indicating  to  us  the  probability  of 
finding  water,  and  furnishing  good  points  for  the  purposes  of  topographi- 
cal work.  During  the  entire  day  we  saw  no  water,  excepting  that  which 
we  received  most  plentifully  in  the  shape  of  a  drenching  rain.  A  stiff 
wind  blowing  it  directly  into  our  faces,  rather  disconcerted  the  mules, 
and  it  required  constant  "  argument "  to  keep  them  in  line.  Some  very 
characteristic  scenery  was  found  on  the  way,  indicating  that  we  had 
left  the  Cretaceous  area  and  entered  that  of  the  Tertiary  formation. 
Fluviatile  erosion  has  carved  deep,  narrow  canons  into  the  readily  yield- 
ing sandstones  and  marls.  Depositing  the  detritus  in  conveniently 
located  valleys,  these  have  been  filled  with  loose  soil,  often  to  the  depth 
cf  30  feet  and  more.    The  first  thing  that  attracted  our  attention  was 
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the  absence  of  Indian  trails.  This  indicated  a  scarcity  of  water,  grass, 
and  game.  Subsequently  we  found  these  indications  amply  borne  out 
by  facts.  Having  ascended  a  lrigh  ridge,  we  saw  before  us  a  series  of 
gullies  and  small  canons  that  presented  very  typically  the  aspect  of  the 
Wasatch  group.  Vertical  or  very  steep  walls  of  sandstone  and  marl 
were  carved  by  erosion.  Bright  colors,  white,  yellow,  orange,  red,  and 
maroon^  blending  in  beautiful  harmony,  tended  to  complete  the  picture. 
Scattering  pines  and  cedars  relieved  the  uniformity  of  rock-exposures. 
By  four  o'clock  we  had  not  found  any  water,  although  we  were  within  the 
limits  of  a  small  group  of  basaltic  hills.  Between  our  position  at  that 
time  and  the  highest  hill  of  that  region  stretched  a  band  of  loose  sand 
about  4  miles  wide.  Riding  over  this  mass,  which  has  been  accumulated 
here  and  elsewhere  by  the  prevailing  westerly  winds,  our  mules  sank 
in  knee-deep.  Tired  as  they  were  by  their  inarch,  carrying  heavy  loads 
for  the  first  time  after  months  of  inactivity,  they  became  very  much 
fatigued.  About  sundown  we  reached  the  base  of  the  hill  for  which  we 
had  been  heading  all  day,  and,  after  wading  through  a  swamp,  treach- 
erous and  filled  with  quicksands,  we  struck  camp  near  a  small  spring. 
Close  by  was  a  lake  of  considerable  size,  the  white  shores  of  which  indi- 
cated the  nature  of  its  water.  Timber  was  a  scarce  article,  and  sage-brush 
furnished  the  fire  for  cooking  and  for  warming  ourselves  after  a  chilly, 
wet  day.  The  hill  or  mountain  at  the  base  of  which  we  were  encamped 
we  named  Essex  Mountain.  For  two  days  our  camp  remained  stationary, 
while  stations  were  made  on  the  hills  within  a  radius  of  15  miles.  We 
then  found  that  reaching  this  point  had  been  very  fortunate,  as  no  water 
was  to  be  seen  for  many  miles. 

On  June  6,  we  rode  from  Mount  Essex  in  a  westerly  direction.  For  the 
first  time  a  few  antelope  appeared,  but  they  were  very  shy,  and  some 
bullets  sent  into  their  viciuity  at  600-yard  ranges  only  added  to  their 
fear,  without  furnishing  us  with  any  fresh  meat.  Toward  evening  we 
encamped  on  a  creek,  which  we  named  subsequently  White  Horse  Creek. 
During  the  day  we  had  followed  a  dim  wagon-road,  which ,  so  far  as  we  could 
determine,  is  what  some  maps  designate  as  "  Evans'  route,"  or  the  "  Old 
Overland  Stage  Route."  Before  long,  however,  we  were  obliged  to  leave 
it  and  keep  to  the  left.  Alkali  water  was  found  in  the  creek,  which  at 
first  the  animals  refused  to  drink.  Sage-brush  here  grows  to  such  a  size 
that  the  appellation  of  "  sage-trees  "  would  be  justifiable,  and  it  furnished 
the  material  for  fire.  Leaving  this  camp  we  continued  our  journey  west- 
ward, intending  to  reach  the  nearer  drainage  of  Big  Sandy  Creek.  Dur- 
ing the  day,  while  riding  in  the  creek  valley,  we  discovered  a  white  horse, 
which  was  captured  after  a  short  run.  It  was  not  one  of  the  noble  ani- 
mals which  roam  in  herds  over  the  "  boundless  prairie,"  but  was  blind, 
had  a  stringhalt,  and  still  carried  two  shoes.  We  noticed  that  a  portion 
of  its  back  was  covered  with  wool-like  hair,  about  one  and  a  half  inches 
thick.  At  the  time,  this  was  shedding.  About  noon  we  crossed  an  old 
emigrant-road,  where  the  deeply -cut  furrows  told  a  tale  of  the  hundreds 
and  thousands  who  had  passed  over  it,  some  going  to  their  fortunes,  others 
miserably  to  perish.  About  three  o'clock  the  sight  of  telegraph  poles 
showed  us  that  we  had  reached  the  stage  and  mail  road  between  Bryan  Sta- 
tion and  Camp  Stambaugh.  We  followed  it  over  a  rolling  country,  until, 
at  sundown,  we  arrived  at  Dry  Sandy  Station.  This  name  is  aptly  chosen. 
A  wide  creek-bed  is  filled  to  the  cfepth  of  several  feet  with  fine,  light-yellow 
sand,  perfectly  dry,  except  during  the  seasons  of  highest  water.  For  a 
long  distance  this  bright  line  could  be  traced,  meandering  its  course 
through  the  surrounding  sage-brush,  until  it  was  lost  as  a  mere  silvery 
Hue  in  the  distance.    At  midnight,  after  having  camped,  I  took  the  stage 
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to  South  Pass  City,  from  there  to  go  to  Camp  Stainbaugh,  where  I  expected 
to  rejoin  the  party.  A  disagreeable  ride  in  a  snow-storm  brought  me  to 
South  Pass  about  five  o^clock  in  the  morning.  Driving  on  through  ab- 
solute darkness,  it  seemed  almost  like  a  miracle  that  the  horses  kept  the 
road  and  safely  crossed  a  number  of  very  primitive  bridges. 

South  Pass  City  is  located  on  Willow  Creek,  a  swiftly-flowing  tributary 
of  Sweetwater  River.  Near  Pacific  Springs,  a  favorite  camping-place 
for  emigrants,  the  Tertiary  beds  suddenly  cease,  and  we  enter  a  nieta- 
morphic  region.  Ten  and  twelve  years  ago,  ore-bearing  lodes  were  dis- 
covered in  these  metamorphics,  gold  was  washed  out  of  the  gulches,  and 
the  "Sweetwater  Mines  *  were  far-famed  for  their  richness  and  reported 
production.  Misrepresentation,  bad  management,  and  unscrupulous 
.speculation  ruined  what  might  have  become  a  flourishing  mining  dis- 
trict. To-day  the  town  presents  a  dreary  appearance.  Many,  if  not  the 
majority,  of  its  houses  are  deserted,  and  broken  window-panes,  swinging 
doors,  and  torn  roofs  tell  a  pitiful  tale  of  desolation.  On  the  surrounding 
liflls  buildings  are  located  which  are  in  connection  with  the  mines.  Very 
few  of  the  latter  are  being  worked,  while  a  large  number  appear  to 
be  abandoned  temporarily.  Ascending  a  steep  hill,  we  passed  through 
a  very  pretty  country,  and  after  a  short  drive  reached  Atlantic  City. 
This,  too,  is  located  in  a  narrow  valley,  and  was  formerly  the  active  centre 
of  mining  operations. 

By  this  time  we  had  approached  the  Wind  Eiver  Mountains  within 
but  a  short  distance  of  their  southern  base.  Viewed  from  farther  south, 
the  highest  peaks  of  the  range  rose  in  abrupt  forms  from  the  surrounding 
<onntry.  Snow-capped,  as  yet,  they  towered  far  above  the  foot-hills  of 
the  range,  Now,  the  latter  prominently  occupied  the  foreground;  the 
former  were  no  longer  visible.  The  character  of  the  country  changes 
entirely  with  the  change  of  geological  formation.  Instead  of  the  ever- 
repeated  flat-topped  bluff,  we  here  find  massive,  rolling  hills,  separated 
1  \y  steeply-inclining  valleys  with  narrow  bottoms.  Small  creeks  are  found . 
within  these,  many  of  which,  however,  cannot  sustain  a  sufficient  amount 
of  water  during  the  dry  season  to  permit  them  to  flow.  Quaking  asps, 
some  eottonwood,  and  scattering  pines,  afford  good  shelter  and  wood  for 
<\:mping  purposes.  A  short  ride  from  Atlantic  City  in  a  northerly  di- 
rection brings  us  to  Camp  Stambaugh.  At  the  time  of  my  first  visit, 
this;  post  contained  a  company  of  the  Second  Cavalry.  The  officers  re- 
ceived me  with  the  utmost  courtesy,  and  upon  the  subsequent  arrival  of 
the  party  afforded  us  very  material  aid. 

Camp  Stambaugh,  commanded  at  that  time  by  Captain  Spaulding,  is 
situated  in  a  wide  valley,  surrounded  on  every  side  by  hills  composed  of 
metamorphic  schists.  Tlieir  dark  color  and  very  sparse  vegetation  gives 
a  sombre  aspect  to  the  entire  scenery.  Several  small  creeks  flow  within 
short  distances  of  the  post,  and  I  visited  them  in  company  with  the 
officers.  At  a  number  of  places  gulch-mining  is  carried  on  there,  but 
the  miners  complain  that  the  gold  is  so  "fine"  that  it  is  a  very  difficult 
matter  to  save  it.  A  very  decided  character,  a  thorough  type  of  the 
adventurous  western  prospector  and  pioneer,  was  employed  at  the  post 
at  that  time.  He  was  engaged  in  burning  charcoal.  From  morning 
until  night  this  old,  grey-bearded  man,  who  had  seen  the  snows  of  more 
than  seventy-five  winters,  attended  to  the  smoking  pile.  His  sole  am- 
bition, his  incentive  to  work,  was  the  prospect  of  "making  a  stake'-  and 
going  to  the  Bighorn  country,  there  once  more  to  try  and  gain  the 
gold  tliat  rumor  located  within  that  famous  region.  The  proceeds  of 
his  work  he  subsequently  converted  into  a  donkey,  some  bacon,  flour, 
a  pick,  a  shovel,  and  a  rifle,  and  then  set  out  on  foot  on  a  journey  that 
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might  prove  to  be  a  severe  one  for  many  a  younger  man.  By  the  time 
the  gulch-miners  had  their  works  in  proper  order  the  water  supply  gave 
out  at  many  places,  and  they  were  forced  to  abandon  the  placiers.  Much 
work  has  been  done  on  the  various  creeks,  and  at  some  points  the  gravel 
is  carted  considerable  distances  to  reach  water.  The  limited  supply, 
however,  of  this  commodity,  cuts  short  the  season  for  active  operations, 
and  forbids  the  erection  of  such  contrivances  as  might  prove  to  be  more 
remunerative. 

Camp  Stambaugh  was  named  after  Lieut.  Charles  B.  Stambaugh,  of 
the  Second  Cavalry,  who  was  killed  in  action  with  Indians  near  Miner's 
Delight  on  March  4, 1870.  It  was  established  as  a  substation  to  Fort 
Ihidger,  on  June  20, 1870,  and  announced  as  an  independent  post  August 
liO,  1870.  Its  purpose  is  to  afford  protection  to  the  settlers  of  the  mining 
regions.  Since  that  time  the  Indians  have  been  crowded  farther  into 
the  mountains,  and  Camp  Brown,  50  miles  north,  acts  as  a  protector 
against  hostile  invasions.  The  altitude  of  Stambaugh  is  about  8,300 
feet  above  sea-level,  an  elevation  that  not  unfrequently  results  in  injury 
of  health  to  those  stationed  there. 

June  13,  the  party  reached  the  post,  having  travelled  from  the  Dry 
Sandy  to  Little  Sandy,  thence  to  the  mouth  of  the  former  creek.  From 
there  they  crossed  over  to  Pacific  Creek,  which  was  followed  upward 
until  beyond  South  Pass.  City.  Leaving  camp  early  on  the  13th,  one  of 
the  party  killed  the  first  deer  of  the  season.  Stambaugh  was  reached 
during  the  forenoon.  By  permission  of  the  commanding  officer,  we  were 
enabled  to  make  camp  within  the  military  reservation,  near  the  post 
Mail  and  other  acceptable  representatives  of  civilization  were  obtained, 
and  during  the  day  preparations  were  made  to  leave  the  post  on  the  14th. 
Obtaining  all  the  information  we  could  about  routes  and  water,  the 
course  of  the  next  trip  was  decided  upon,  and  upon  leaving,  we  prom- 
ised our  hospitable  friends  to  spend  that  national  holiday,  the  Fourth  of 
July,  with  them. 

FROM  STAMBAUGH  TO  THE  UNION  PACIFIC  RAILROAD. 

June  14,  we  left  the  post,  and  after  making  several  stations,  reached 
our  camp  on  the  Sweetwater  Biver.  During  the  day  a  very  heavy  gale 
of  wind  had  been  blowing,  which  in  the  evening  turned  into  a  storm. 
On  the  first  station  made,  it  was  impossible  to  place  the  instrument  on 
the  summit  of  the  hill,  because  neither  tripod  nor  man  could  stand  there. 
The  westerly  winds  are  severe  and  very  constant  throughout  the  region 
we  had  traversed  thus  far.  It  seems  that  the  cold  air  from  the  moun- 
tains rushes  downward  with  great  velocity,  and  finding  nothing  to  im- 
pede its  progress,  sweeps  across  the  flat  country  with  surprising  violence. 
More  than  once  the  wind  interfered  with  our  work,  rendering  the  occu- 
pation of  points  almost  an  impossibility.  As  the  daily  temjierature 
decreased  in  the  evening,  the  wind  gradually  died  out,  and  did  not  rise 
again  until  nine  or  ten  o'clock  in  the  morning.  Enormous  accumula- 
tions of  sand,  drifting  into  dimes,  show  that  for  centuries,  if  not  ages, 
the  same  conditions  have  existed  in  this  section  of  country.  A  belt  of 
"  sand-hills,"  about  10  miles  wide  and  75  miles  in  length,  trends  from 
south  of  west  to  north  of  east  across  our  district,  proving  by  its  presence 
the  long-continued  process  that  located  it  there. 

Sweetwater  Valley,  in  which  we  were  camped,  is  at  that  point  narrow, 
confined  between  steep  hills  of  metamorphicischists.  Willow  brush  and 
some  aspen  are  found  near  the  stream.  Crossing  over  to  the  south  side 
we  found  ourselves  in  a  series  of  meadow-like  depressions,  literally 
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RWftrniing  with  antelope.  At  that  season  of  the  year  the  young  ones 
were  still  quite  small,  and  great  solicitude  was  manifested  on  the  part 
of  their  mothers.  Glymer  captured  one  of  the  little  animals  alive,  after 
a  chase  of  about  two  miles.  The  piteous  bleating  soon  reached  the  ears 
of  an  anxious  mother,  and  she  came  within  twenty  yards  of  us,  the  very 
picture  of  distress.  After  having  tied  a  string  to  the  little  fellow  we  set 
him  free  again. 

Our  destination  was  a  high,  prominent  point,  where  we  proposed 
making  a  station,  and  at  the  base  of  which  we  hoped  to  find  water.    A 
steep  ride  over  sandstones  and  some  oolitic  beds  brought  us  to  the  sum- 
mit.   So  far  as  we  could  see  from  there,  no  flowing  water  existed  within  a 
radius  of  many  miles.    In  the  distance  several  lakes  appeared,  but  even 
with  the  aid  of  our  field-glasses  we  could  not  determine  whether  the 
appearance  was  not  the  result,  of  mirage.    Far  below  us  the  pack-train 
slowly  plodded  along  on  an  old  road  leading  southward.    Essex  Moun- 
tain was  too  far  off  to  be  reached  that  day,  and  the  prospect  of  obtain- 
ing water  was  by  no  means  promising.    Having  completed  our  station, 
we  led  the  animals  down  a  steep  slope,  over  very  much  disintegrated 
sandstones  and  marls.  t  Sinking  into  die  loose  material  deeply  at  every 
step,  the  downward  trip  was  fatiguing  both  to  man  and  beast.    Tracks 
of  antelope  became  scarcer  as  we  receded  from  the  Sweetwater,  a  feature 
that  did  not  tend  to  encourage  our  hope  for  water.    About  sundown 
we  found  camp,  located  several  hundred  feet  above  the  valley  on  the 
slope  of  a  ridge.    Here  a  small  spring  was  found,  which,  by  artificial 
enlargement,  furnished  a  sufficient  supply  of  water.   Wood  was  obtained 
from  some  groves  of  quaking  asp,  and  we  felt  thankful  for  so  comfort- 
able a  camp.    One  objection  to  it  existed,  however,  in  the  abundance  of 
woodticks.    Crawling  in  under  the  clothes  these  animals  firmly  fasten 
themselves  in  the  skin,  producing  most  disagreeable  sensations,  and 
sometimes  causing  small  wounds  that  are  slow  to  heal. 

Our  course  still  lay  southward.  During  the  day  following  we  made 
several  stations,  travelling  in  the  direction  of  the  groups  of  basaltic  hills 
mentioned  in  previous  pages.  We  rode  over  sterile  country  all  day 
long,  nothing  occurring  to  relieve  the  monotony  save  the  appearance 
of  some  antelopes.  Numerous  small,  gray  birds  (sage-sparrow)  en- 
joyed themselves  in  the  sage-brush,  probably  deriving  the  water  neces- 
sary for  their  sustenance  from  the  copious  dew.  In  watching  them  we 
observed  that  frequently  they  would  fly  up  directly  in  front  of  the  mule, 
as  if  suddenly  surprised,  and  in  danger  of  being  trodden  upon.  We 
found,  however,  that  they  quietly  slipped  out  of  their  nests  at  our  ap- 
proach, ran  swiftly  along  the  ground,  dodging  behind  brush  and  grass, 
and  did  not  attempt  to  fly  until  observation  directed  upon  them  could 
no  longer  reveal  their  habitations.  This  same  sense  of  deception,  due  to 
the  instinct  of  self-protection,  we  noticed  in  many  other  birds  of  similar 
legions. 

Having  followed  the  trail  of  the  pack-train  until  nearly  dusk,  we  found 
tjiat  it  suddenly  turned  in  the  direction  of  Mount  Essex,  which  had  been 
passed  during  the  day.  After  a  tedious  ride  of  five  or  six  miles  through 
loose  sand,  we  found  ourselves  once  more  at  our  old  camp  at  the  base  of 
the  mountain.  The  lake  which  we  had  seen  two  weeks  ago  had  lost  a* 
least  8  inches  by  evaporation,  and  the  spring  was  no  longer  as  large 
as  it  had  been. 

On  the  day  following,  June  17,  we  continued  our  march  southward. 
Ahead  of  us  were  several  basaltic  hills,  and  we  hoped  to  find  both 
water  and  grass  there.  A  ride  of  16  miles  along  the  old  wagon-road 
which  we  had  been  following  brought  us  to  the  north  base  of  a  long, 
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narrow  basaltic  ridge.  A  small  alkaline  spring  and  good  grass  were 
found  there.  Although  the  march  had  been  a  short  one,  it  was  fraught 
with  fatigue,  having  led  in  great  part  through  deep  sand.  In  among  the 
rocks  wo  found  a  beautiful  spring  of  clear,  cold  water.  That  this  resort 
was  well  known  to  the  game  of  that  region  we  had  ample  opportunity  to 
observe.  The  slope  of  the  ridge  was  covered  with  a  scattering  growth  of 
quaking  asp,  and  from  several  small  groves  we  "jumped"  black-tail  deer 
( Cariacus  maerotw).  As  will  be  seen  from  the  geological  report  following, 
this  region  was  one  of  considerable  interest  (Stations  25  and  26).  Here 
the  basaltic  lava  has  found  its  way  through  Tertiary  strata  and,  flowing 
over  a  considerable  area,  has  indicated  its  points  of  ejection  by  crater- 
like cones.  Protecting  in  part  the  softer  sedimentary  strata,  the  basalts 
have  at  some  places  been  undermined,  and  falling  down,  have  given 
rise  to  the  formation  of  vertical  rock  faces. 

Our  course  during  the  next  day  lay  through  narrow  canons  and  across 
steep,  Tertiaiy  blufls.  The  character  of  the  rocks  there  and  the  small 
amount  of  precipitated  moisture,  rendered  it  highly  improbable  that  we 
should  find  water.  In  the  course  of  our  ride  we  struck  the  old  road  which 
has  been  designated  as  Evans's  route,  and  followed  it.  Eventually  this  led 
us  to  a  small  creek,  which  still  contained  stagnant  pools  of  water.  Fear- 
ing to  risk  any  further  chances  we  made  camp.  As  we  approached 
toward  the  south  the  character  of  the  country  became  more  and  more 
that  of  a  desert.  Green  vegetation  disappeared  altogether,  crowded  out 
•  by  sage-brush  and  cactus. 

Next  morning  we  started  early  and  made  a  number  of  stations,  while 
the  pack-train  continued  along  the  old  wagon-road.  After  crossing 
several  ridges  we  saw  before  us  an  apparently  boundless  plain,  perfectly 
level  and  absolutely  unbroken.  No  chance  appeared  for  the  finding  of 
either  water  or  grass,  and  we  determined  to  march  toward  the  railroad 
.  as  rapidly  as  possible.  Accordingly  our  course  was  changed.  We  soon 
reached  a  perfectly  flat  basin,  one  which  had  probably  formerly  contained 
a  lake.  At  its  northern  end  the  color  of  the  bare  soil  was  a  dazzling 
white,  reflecting  the  hot  rays  of  the  sun.  Gradually  this  changed  into 
pink,  and  eventually  into  a  bright  red.  Hour  after  hour  we  rode  over 
.  the  bare,  compact  ground,  no  change  in  scenery  or  character  of  the  soil 
,  taking  place.  To  the  southward  was  a  prominent  butte,  Eagle  Ifcock, 
.  and  about  6  miles  beyond  that  stretched  a  long  row  of  regular  bluffs. 
Ascending  the  butte  in  question  at  five  o'clock  in  the  evening,  we  saw 
before  us  the  narrow  line  of  the  Union  Pacific  track.  About  4  to  5 
miles  distant  was  the  building  of  Red  Desert  Station.  As  an  illustra- 
tion of  the  remarkable  purity  of  the  atmosphere  it  may  here  be  men- 
tioned that  at  this  considerable  distance  we  were  able  to  count  the  num- 
ber of  windows  in  the  building  without  the  aid  of  field-glasses.  A  ride 
through  sage-brush  and  some  grass,  made  more  agreeable  by  the  prospect 
of  no  "  dry  camp,"  brought  us  to  the  station.  Thanks  to  the  courtesy 
of  the  agent,  we  were  enabled  to  use  the  water  there  obtained  by  means 
of  an  artesian  well.  After  having  marched  for  more  than  40  miles  in  a 
burning  sun,  over  dry  and  dusty  country,  the  muies  fairly  fought  for  the 
water  that  was  dealt  out  to  them  in  tubs.  The  entire  region  north  of 
this  portion  of  the  railroad  is  very  dry,  water  only  being  found  at  rare 
seasons  in  small  pools  or  temporary  runs.  Absence  of  game,  and  even 
of  the  smaller,  burrowing  animals,  proves  the  extraordinary  sterility  of 
the  region.  Bed  Desert,  the  name  which  has  here  been  applied,  is  well 
chosen,  for  few  spots  so  thoroughly  realize  the  conception  of  a  desert  as 
%  this.    All  the  information  we  could  obtain  regarding  this  locality  con- 
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firmed  our  own  opinions  as  to  its  character,  and  we  determined  to  follow 
the  railroad  for  a  short  distance  before  striking  northward  again. 

On  June  20  we  left  Red  Desert  and  marched  eastward  to  Wash-a-ldo 
Station.  An  addition  was  here  made  to  our  party  by  the  acquisition  of 
a  dog.  Though  an  unimportant  member  in  himself,  he  subsequently 
showed  such  remarkable  endurance  hi  travelling  and  mountain  climbing 
that  he  is  well  worthy  of  being  mentioned. 

FROM  THE   UNION  PACIFIC  RAILROAD  TO  CAMP  STAMBAUGH. 

Wash-a-kie  Station  is  named  after  the  venerable  head  chief  of  the 
Shoshone  Indians,  who  has  always  proved  liimself  to  be  a  staunch  friend 
of  the  white  man.  Past  this  station  leads  the  trail  utilized  by  the  North- 
ern Colorado  Utes  in  making  their  annual  visits  to  their  friends  and 
allies,  the  Snakes.  On  June  21  we  started  upon  this  trail;  travelling  north* 
ward.  It  led  over  several  ridges  until  finally  one  main  ridge  was  reached. 
While  the  pack-train  had  disappeared  from  my  sight,  at  a  time  that  I  was 
about  3  miles  east  of  it;  I  had  occasion  to  observe  a  very  striking  mirage 
effect*  Where  the  tram  was  at  that  time  I  did  not  know,  having  left,  it 
a  couple  of  hours  before.  Looking  westward  I  saw  the  procession  of 
riders  and  pack-mules  slowly  filing  along  the  summit  of  a  high  ridge 
which  gently  sloped  to  the  west.  Wishing  to  satisfy  myself  as  to  the 
truth  of  this  appearance,  I  used  my  field-glass.  Although  the  distance 
at  which  the  party  appealed  to  be  was  about  3  miles  from  my  point  of 
new,  I  could  distinctly  recognize  each  man.  The  forms  seemed  slightly 
distorted,  but  not  more  so  than  might  be  expected  at  that  distance  on  a 
hot  day.  Finishing  my  examinations  where  I  was,  I,  several  hours  later, 
proceeded  to  find  the  trail  and  follow  it.  No  trail  was  to  be  seen  on  the 
ridge.  Not  until  I  had  descended  on  its  western  slope  about  800  feet 
and  ridden  more  than  a  mile,  did  I  find  the  trail  at  a  place  where  it  would 
have  been  utterly  impossible  for  me  to  sec  the  men  and  animals  some 
hours  before. 

On  our  march  along  the  trail  we  passed  a  number  of  alkali-flats.  Dur- 
ing the  wet  season  these  are  filled  to  a  shallow  depth  with  bad-testing 
water,  but  at  the  time  we  passed  them  they  were  perfectly  dry  and  hard. 
From  a  distance  they  nitty  easily  be  mistaken  for  water.  The  hot  air 
ascending  from  them  produces  a  reflection  of  light,  which,  in  turn,  raises 
the  level  of  the  bed,  so  ihat,  apparently,  grass  and  other  plants  can  bo 
seen  as  if  growing  above  the  water-level.  This  particular  feature  adds 
very  much  to  the  deception  of  a  mirage.  Along  the  traikwe  found  the 
remains  of  lodge-poles,  and  at  several  places,  where  there  had  been 
water  early  in  the  spring,  were  remnants  of  old  camps.  Ascending  a 
high  divide,  we  saw,  about  8  miles  from  us,  a  large  sheet  of  water.  So 
iar  as  we  could  determine,  the  trail  headed  directly  toward  it.  So  often, 
however,  had  we  been  deceived  that  we  scarcely  hoped  to  find  our  ex- 
pectations realized.  About  sundown  we  obtained  a  near  view,  however, 
and  saw  a  large  lake,  just  beyond  a  belt  of  sand-hills.  Upon  reaching 
it  we  found  that  Indians  had  cain]>ed  there  only  a  short  time  previous* 
and  we  occupied  the  spot,  which  they  had  abandoned.  Antelopes  and 
wild  water-fowl  were  very  plentiful  near  the  muddy-looking  water* 
Although  it  contained  a  considerable  amount  of  alkali,  and  had  to  bo 
cooled  before  being  fit  to  drink,  citric  acid  rendered  it  quite  palatable. 

For  two  days  we  remained  encamped  at  this  lake,  making  excursions 
from  there  for  the  purposes  of  topographical  and  geological  work.  We 
found  that  instead  of  a  divide  between  the  waters  of  the  Atlantic  and 
Pacific  Oceans,  there  was  here  a  large  tract  of  neutral  ground.    Tern- 
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jiorary  creeks  and  streams  all  emptied  into  "  sinks."  At  times  these 
sinks  contained  water,  as  the  lake  we  were  camped  on — Trail  Lake — but 
mostly  they  were  perfectly  dry.  This  feature  is  one  of  great  interest, 
and  will  be  discussed  more  fully  in  the  geological  report 

Upon  examining  the  surrounding  country,  we  saw  that  for  some  time 
at  least  we  might  obtain  water  from  various  such  lakes  scattered  through 
it  On  June  24  we  broke  camp,  and,  proceeding  in  a  northwesterly 
direction,  reached  another  body  of  water  about  12  miles  distant  froin 
the  first  On  the  route  we  noticed  the  continuation  of  the  sand-masses 
which  we  had  first  observed  near  Mount  Essex.  The  character  of  the 
country  was  that  of  a  barren,  sterile  plain.  Sage-brush,  cactus,  and 
very  scanty  grass  comprised  the  entire  vegetation.  For  several  weeks 
we  had  no  fire  except  that  furnished  by  sage.  Huge  bushes,  sometimes 
more  than  a  foot  in  thickness,  were  met  with.  They  afford  a  very  hot 
but  short  fire,  and  not  unfrequently  impart  a  bitter  taste  to  whatever  is 
cooked  by  their  aid. 

Xext  morning  we  moved  in  a  northeasterly  direction  into  a  long  val- 
ley, where  a  number  of  small  lakes  were  found.  Antelopes  became  very 
abundant,  having  begun  to  run  in  small  bands.  On  that  day  we  found 
the  first  tracks  of  buffalo.  Coyotes,  lingering  around  and  rapidly  dis- 
appearing upon  our  approach,  gave  evidence  of  the  presence  of  large 
quantities  of  game.  Wild  geese  (Branta  Canadensis)  and  ducks  (Fuligula 
sp.)  were  found  in  the  lakes,  but  proved  to  be  poor  marks  for  rifle-bullets. 
Mosquitoes  seemed  to  revive  from  their  winter's  sleep,  and  wood-ticks 
every  now  and  then  made  themselves  felt 

To  the  northeast  were  a  number  of  high,  prominent  bluffs,  wliieh  wo 
desired  to  visit.  Accordingly  camp  was  broken  on  the  26th  of  June  and 
moved  up  the  valley.  We  found  a  small  spring  containing  good  water, 
and  an  ample  supply  of  grass  in  its  vicinity.  Buffalo-chips  served  as 
fuel.  Ascending  a  plateau-like  ridge,  we  rode  along  this  to  reach  the 
points  which  we  intended  to  utilise  as  stations.  Numerous  bands  of 
antelope  were  met  with.  They  would  first  quietly  study  our  appearance, 
and  then  scamper  off  over  the  bluffs.  Sandstones  and  shales,  belonging 
to  the  Tertiary  formation,  composed  the  hills,  and  by  their  ready  disin- 
tegration rendered  the  isolated  points  easy  of  access.  On  that  day  we 
found  the  trail  of  our  main  triangulation  party,  #which  had  passed  there 
more  than  a  week  before.  Looking  northward  from  our  elevated  points 
we  could  see  the  granitic  hills  of  the  Lower  Sweetwater,  the  distant 
Wind  Biver  Mountains,  and,  as  a  dim,  cloud-like  form,  the  mountains  of 
the  Bighorn  Bange.  On  the  south  side  the  white  alkali  flats,  some  of 
them  containing  water,  were  very  prominent,  and  beyond  them  stretched 
the  long  belt  of  yellow  sand.  Monotonous  repetitions  of  parallel  bluffs 
produced  the  impression  of  uninterrupted  plains,  and  offered  little  that 
was  inviting. 

Leaving  our  camp  on  the  spring  on  June  28,  we  rode  in  a  north- 
westerly direction,  expecting  to  camp  within  some  granitic  hills  south 
of  the  Sweetwater.  A  small  band  of  stray  cattle,  which  at  first  our 
imagination  transformed  into  buffalo,  indicated  the  vicinity  of  white 
man's  habitation.  We  found,  upon  reaching  the  granitic  area,  that  this 
was  a  continuation  of  the  metamorphies  observed  southwest  of  Camp 
Stambaugh.  As  farther  down  on  the  river,  so  here  the  granitic;  hills 
exhibit  striking  characteristics.  They  are  very  rugged,  hard  to  climb, 
and  almost  entirely  devoid  of  vegetation.  A  few  scattering  pines  man- 
age to  subsist  on  the  east  side  in  crevices  among  the  rocks.  Water  was 
plentiful,  occurring  in  small  minting  streams. 

Early  on  June  29,  just  as  the  mules  were  being  packed,  we  were  sur- 
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prised  by  a  short  snow-storm.  This  was  followed  by  a  most  violent  gale 
of  wind,  which  lasted  nearly  all  day.  The  cold  air,  sweeping  down  from 
the  neighboring  mountains,  condensed  the  suspended  moisture  of  the 
atmosphere  until  this  was  exhausted  or  carried  farther  by  the  force  of 
the  wind.  After  a  disagreeable  ride,  almost  blinded  by  sand,  we  found 
shelter  in  a  narrow  canon  of  Carboniferous  limestone.  During  the  entire 
(lay  it  was  impossible  to  set  up  the  instrument.  We  found  the  region 
sufficiently  well  watered,  and  had  within  a  day  left  Tertiary  formations 
for  some  of  the  oldest  of  the  region.  We  found  a  number  of  small  canons 
in  these  limestones,  caused  probably  by  seismic  action  rather  than  by 
erosion.  While  the  pack-train  descended  this  creek,  upon  which  we  were 
camped,  to  its  junction  with  a  direct  tributary  of  the  Sweetwater,  we 
rode  northward.  Passing  first  over  massive  hills  of  Carboniferous  strata, 
we  soon  reached  the  late  Tertiary  deposits  composing  the  Sweetwater 
group.  Antelopes  were  very  abundant  along  our  route,  occurring  in 
hands  of  several  hundreds.  Shortly  after  noon  we  reached  the  river. 
Its  southern  bank  was  swampy,  and  the  river-bottom  contained  much 
quicksand.  Following  it  downward,  everywhere  surrounded  by  tracks 
of  buffalo,  we  reached  a  tributary  from  the  south.  This  we  ascended, 
and  finally  found  camp.  Very  little  or  no  timber  is  to  be  noticed  on  this 
portion  of  the  river,  willow-brush,  sage,  and  grass  comprising  the 
most  prominent  part  of  the  vegetation.  The  fall  of  its  tributaries  here 
is  but  slight,  and  their  water,  in  consequence,  is  muddy  and  alkaline. 
Easy  decomposition  of  the  surrounding  strata  furnishes  a  never-failing 
supply  of  the  various  salts,  and  often  the  solution  is  little  less  than  a 
saturated  one. 

July  1  dawned  frosty  and  very  cold.  Even  overcoats  could  not  afford 
sufficient  protection  against  the  low  temperature  and  driving  wind. 
After  doing  some  work  northeast  of  camp,  we  rode  on  to  the  Sweetwater, 
where  camp  had  been  made.  Driftwood  furnished  the  material  for  fire, 
and  proved  to  be  a  pleasant  variation  from  sage.  On  the  north  side  of 
the  river  we  found  the  old  emigrant-road,  which  thirty-five  years  ago 
was  a  favorite  route  for  overland  travel.  We  had  then  fairly  entered 
the  region  which  in  1842  was  traversed  by  Fremont's  small  party.  Fol- 
lowing this  road  up  stream  we  met  with  many  indications  of  travel  done 
during  an  "  early  day."  Saint  Mary's  Station,  a  well-known  landmark  on 
the  river,  is  situated  about  eight  miles  above  our  camp  of  July  1.  Noth- 
ing but  ruined  walls  remain  to  indicate  the  spot  which  at  one  time  was 
the  scene  of  active  life.  Indians  and  the  railroad  have  produced  isola- 
tion of  this  region,  which  once  bid  fair  to  have  a  prosperous  future.  A 
few  miles  above  Saint  Mary's,  the  road  leaves  the  river,  winding  up- 
ward among  steep,  rocky  bluffs.  Looking  down  toward  the  river  we 
there  found  it  enclosed  by  steep  canon- walls.  Eising  at  a  very  high 
angle  from  the  bed  of  the  Sweetwater,  metamorphic,  and  in  part  sedi- 
mentary, rocks  form  an  impassable  canon.  The  walls  are  about  GOO  feet 
high.  Scattering  spruce  trees  and  small  groves  of  quaking  asp  find  suffi- 
cient soil  there  to  thrive  in  crevices  and  on  the  small  talus  near  the  base. 
In  the  bottom  of  the  canon  the  river  rushes  along  over  numerous  bowl- 
ders that  have  fallen  from  above,  forming  a  succession  of  foaming  rapids. 
Above  the  entrance  of  this  narrow  chasm  it  once  more  runs  smoothly. 
almost  lazily,  through  its  channel  fringed  with  willow  brush.  Isolated 
cottonwood  trees  and  some  quaking  asps  impart  a  very  pleasing  aspect 
to  the  valley,  as  seen  from  above. 

Following  the  wagon-road,  we  found  ourselves  again  within  the  meta- 
morphic area,  crossing  a  number  of  small  creeks  which  flowed  into  the 
Sweetwater,    ^sumeroug  antelopes  and  large  flocks  of  sage-hens  (Ceniro* 
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cercus  urophasianus)  enlivened  the  route  and  furnished  fresh  meat  for 
our  larder.  On  Strawberry  Creek,  a  small  stream  that  is  well  known  to 
gulch-ininers  of  that  region,  wo  made  camp.  A  ride  of  about  10  miles 
more  brought  me  into  Camp  Stambaugh,  where  I  received  a  large  mail 
and  despatched  one  of  respectable  proportions.  July  3,  we  marched 
into  the  post,  and  once  more  encamped  near  our  hospitable  friends.  At 
that  time  the  post  presented  a  lively  appearance,  due  to  the  passage  of 
many  emigrants  bound  for  Wind  River  Valley  or  the  Bighorn  Mountains. 
Mounted  on  horses,  mules,  and  donkeys,  or  packed  into  wagons,  men,  wo- 
men and  children  travelled  cheerfully  forward  to  meet  a  fate  which, 
whether  good  or  bad,  the  future  must  decide;  The  wonderful  elasticity 
of  the  western  pioneer,  and  miner,  the  indomitable  energy,  and  the  desire 
for  ncw?  unoccupied  iields  of  labor  are  qualities  that  render  the  nation 
deeply  indebted  to  them.  Though  many  may  perish  on  their  way  to- 
ward opening  a  new  district  to  civilization,  others  follow  in  their  wake, 
and,  eventually,  savage  as  well  as  natural  obstacles  must  yield  to  the 
will  and  energy  of  the  white  man.  Individually,  often  worthless,  these 
pioneers,  as  a  class,  fulfil  their  mission,  indifferent  whether  their  reward 
be  riches  obtained  by  a  lucky  "find,"  or  the  scalping-knife. 

July  4  was  spent  in  reprovisioning  our  party,  and,  appropriate  to  the 
day,  we  undertook  to  resight  our  rifles.  While  doing  tins  we  kept  up  a 
cannonade  that  would  have  done  credit  to  the  most  patriotic  party. 
During  the  day  I  visited  a  number  of  mines  in  the  vicinity.  After  an 
evening  pleasantly  spent  in  the  company  of  the  post  officers,  and  writing 
a  lew  letters  by  the  camp-fire,  we  turned  in,  to  commence  on  the  morrow 
the  exploration  of  a  region  that  promised  to  us  less  hardships  and 
greater  reward  in  the  discovery  of  new  and  interesting  features. 

FROM  CAMP  STAMBAUGH  TO  CAMP  BROWN. 

Accompanied  by  Lieutenant  Cole,  of  Stambaugh,  we  set  out  on  July 
5. on  the  road  toward  Camp  Brown.    Two  miles  from  Stambaugh  wTe 
passed  through  Miner's  Delight,  a  small  settlement  dating  back  to  the 
time  of  the  Sweetwater  mining  excitement.    But  little  work  is  being 
done  there  now,  although  the  ground  shows  that  at  one  time  many  hands 
wore  busy  in  extracting  gold  from  the  gravel.    Beyond  Miner's  Delight 
the  descent  into  the  valleys  of  Wind  Eiver  drainage  becomes  very  rapid. 
By  following  the  stage-road  to  Camp  Brown  we  pass  through  Red  Canon. 
This  is  cut  deeply  down  into  the  red  Triassic  sandstones  and  shales.    On 
the  right-hand  side  we  see  a  steep  wall  of  the  bright-colored  material, 
while  the  valley  exhibits  the  beautiful  color  of  rich  verdure.     Several 
small  farms  have  been  located  there,  and  furnish  good  results  to  their 
owners.    To  the  left  the  Wind  Biver  Mountains  rise  7,000  feet  above  the 
valley-    Froin  the  latter  the  main  peaks  are  not  visible  5  only  the  higher 
foot-hills  can  be  seen.    Descending  rapidly  we  reach  the  crossing  of  the 
Little  Popo-Agie  Biver.     Looking  up  stream  we  perceive  a  very  line 
narrow  canon  through  which  the  stream  rushes  with  great  violence. 
Vertical  walls  of  Carboniferous  limestones  rise  abruptly  from  the  river 
bottom,  forming  a  narrow,  irregular  fissure.    In  passing'from  the  Sweet- 
water to  Wind  Biver  drainage  a  radical  change  of  the  scenery  is  notice- 
able.   The  lowest  foot-hills  are  formed  by  old  sedimentary  strata,  sloping 
down  steeply  toward  the  valleys.    Canons  are  cut  through  the  strata, 
and  from  them  the  streams  emerge  into  broad,  fertile  valleys.     On  the 
Little  Popo-Agie  we  found  several  farms.    One  of  them  belongs  to  Stam- 
baugh, and  a  few  men  employed  there  are  able  to  cultivate  a  quantity  of 
land  which  yields  ample  results.    Mr.  Fails  has  been  farming  at  the 
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same  locality  for  a  number  of  years.  Several  times  straying  parties  of 
Sioux  have  interfered  with  his  progress,  but  he  has  always  escaped  un- 
injured. Both  the  soil  and  the  climate  are  advantageous  to  agricultural 
pursuits.  We  cainped  near  Faris's  ranch,  and  had  the  enjoyment  of  enter- 
taining innumerable  mosquitoes.  After  leaving  comparatively  high  alti- 
tudes, the  temperature  of  a  region  about  3,000  feet  lower  became  very 
oppressive.  On  the  day  following  Lieutenant  Cole  left  us  to  pro- 
ceed to  Camp  Brown,  and  we  marched  in  a  southeasterly  direction,  to 
reach  Sheep  Mountain.  On  the  way  Clyiner  was  attacked  violently  by 
mountain  fever,  the  result  of  changes  of  elevation  and  atmospheric  con- 
ditions. Sheep  Mountain  is  a  high,  comparatively  isolated  hill,  composed 
of  quartzitic  material  Timber  and  water  are  abundant  there,  but  are 
rendered  less  enjoyable  by  the  presence  of  innumerable  horse-flies,  cattle- 
flies,  and  mosquitoes.  Game  appears  to  be  abundant,  and  rattlesnakes 
may  very  often  be  met  with.  Camps  made  in  that  vicinity  were  pleasant 
with  the  exception  of  the  insects.  On  the  8th,  our  patient  was  able  to 
travel  to  Camp  Brown  by  stage,  where  he  received  medical  aid  and  the 
courteous  attention  of  the  officers.  On  that  morning  seven  of  our  mules 
strayed  off.  Owing  to  the  hard  soil,  and  to  the  fact  that  a  great  deal  of 
cattie  was  scattered  over  the  country,  it  became  almost  impossible  to 
track  them.  On  July  10  I  rode  to  Camp  Brown,  having  examined  the 
regions  of  the  Little  Popo-Agie.  That  same  morning  the  lost  mules 
reached  Stambaugh,  where  they  were  recovered  again.  Two  days  later 
camp  was  moved  to  the  mouth  of  Twin  Creek.  This  is  located  about  4 
miles  below  Faris's  ranch.  At  that  point  the  valley  of  the  stream  widens 
considerably,  affording  excellent  grazing  for  stock.  After  that  it  narrows 
somewhat  and  is  covered  with  brush.  On  the  northern  slope  of  a  steep 
bluff  at  that  locality  we  found  what  the  inhabitants  call  "  the  tar-spring." 
This  consists  in  a  spring  of  petroleum,  which  slowly  oozes  out  of  the 
rocks.  During  the  hot  season  it  liquefies  and  flows  down  stream  for  sev- 
ered hundred  yards.  Judging  from  the  thickness  of  the  oil-deposit  the 
flow  of  this  spring  must  date  back  for  a  great  many  years.  The  sur- 
rounding country  is  very  much  broken  in  that  region,  cut  into  narrow 
ridges,  and  deep,  waterless  canons.  Triassic  sandstones,  violently  dis- 
turbed from  their  original  places  of  deposition,  comprise  the  bluffs. 
Leaving  the  Little  Popo-Agie  the  road  leads  in  a  serpentine  course  to 
the  settlements  on  the  Big  Popo-Agie.  An  old  trail  cuts  off  about  4 
miles,  and  passes  through  a  pleasant  country.  A  stream  (Willow  Creek) 
Is  crossed  about  half  way  to  the  town  of  Landers.  This  settlement  is 
located  near  the  Big  Popo-Agie,  a  swift  stream  of  considerable  size 
issuing  from  the  mountains  into  a  broad  valley.  Many  farms  are  culti- 
vated there  and  yield  good  crops.  So  long  as  no  Indian  raids  occur, 
the  settlements  will  probably  flourish.  The  increasing  number  of  settlers 
daily  lessens  the  danger  incident  upon  invasions,  and  it  may  be  hoped 
that  they  will  permanently  escape  danger  from  that  source. 

On  July  13?  camp  was  made  on  the  North  Fork  of  Popo-Agie.  There, 
for  the  first  tune,  we  met  an  Indian  camp.  For  a  small  amount  of  su- 
gar some  very  fine  trout  were  obtained  from  them.  From  the  crossings 
uf  the  stage-road  these  streams  flow  in  broad  valleys  until  they  join  the 
Little  Wind  River.  On  the  day  following,  the  party  marched  over  a 
rather  monotonous  section  of  country  into  Camp  Brown,  where  I  rejoined 
it.  Capt.  J.  Mix,  the  commanding  officer,  extended  all  aid  in  his  power 
to  us,  and  afforded  us  material  assistance. 

u  Old  Camp  Brown  "  was  established  June  2&,  18G9,  as  Camp  Augur, 
where  now  Landers  City  is,  but  later  was  moved  15  miles  farther  north. 
The  post  is  named  after  Capt.  Frederick  Brown,  of  the  Eighteenth  in- 
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fantry,  who  was  killed  by  Indians  at  Fort  Phil  Kearney  December  21, 
18GG.  At  present  the  post  is  situated  on  the  Little  Wind  Kiver.  Its 
location  is  a  very  beautiful  one,  on  the  banks  of  a  swift,  wide  stream, 
densely  timbered  with  cottonwood  and  willows.  The  buildings  of  the 
post  are  rather  cramped,  but  at  the  time  of  our  visit  improvements  were 
beiug  made  under  the  direction  of  the  commanding  officer,  which  will, 
in  a  measure,  relieve  the  inconvenience  incident  upon  its  original  con- 
struction. With  reference  to  the  Indians,  the  location  of  the  post  is 
well  chosen,  furnishing  a  good  key-point  to  any  movements  that  may  be 
made  against  the  settlements  and  mining  districts.  Telegraphic  com- 
munication has  been  established  with  the  railroad  as  far  as  Stanibaugh, 
and  from  there  a  messenger  can  soon  reach  the  more  northerly  post. 

In  the  vicinity  of  Brown  are  two  features  which  have  for  a  long 
time  attracted  the  attention  of  travelers.  One  of  these  is  the  u  hot 
spring,"  and  the  other  is  a  petroleum  spring  similar  to  that  on  the  Little 
Popo-Agie.  Upon  occasions  of  state  the  spring  is  set  on  fire  and  illu- 
minates the  entire  region.  For  invalids,  particularly  rheumatics,  the 
hot  spring  is  a  desirable  resort.  It  is  located  about  2  miles  west  ot  the 
post,  and  shows  a  temperature  of  about  108°  F.  Accommodations  have 
been  prepared  for  the  bathing  of  invalids  and  others.  The  water  is 
mineralized  and,  owing  to  its  high  temperature^  exhibits  very  beneficial 
results.  In  the  geological  report  a  more  detailed  account  of  the  vari- 
ous features  of  this  spring  will  be  found. 

Within  a  few  miles  of  the  post  the  Shoshone  Indian  agency  is  estab- 
lished. At  the  time  of  our  visit  but  few  of  them  were  there,  nearly  all 
being  off  on  hunting  expeditions.  Wherever  we  met  Indians  belonging 
to  this  tribe,  we  were  on  very  good  terms  with  thenu  They  are  thor- 
oughly characteristic  in  their  dress  and  habits,  and  favorably  compare 
with  their  nearest  allies,  the  Utes. 

From  Camp  Brown  a  fine  view  of  the  Wind  River  Mountains  presents 
itself.  The  foot-hills  shut  out  a  large  portion  of  the  picture,  but  enough 
remains  to  show  the  beauty  of  the  range.  In  the  distance  the  outlines 
of  the  Bighorn  Mountains  can  easily  be  distinguished.  Some  very  prom- 
inent forms  are  visible  there;  appearing  to  the  wandering  miner  and 
prospector  as  the  legible  writing  showing  to  him  the  promised  land. 

FROM  CAMP  BROWN  TO  CAMP  STAMBAUGH. 

On  July  15  we  left  Camp  Brown  and  marched  westward  toward  the 
mountains.  It  was  our  intention  to  return  to  Stambaugh,  traveling 
along  the  eastern  slope  of  the  range.  From  what  we  had  heretofore 
seen,  we  came  to  the  conclusion  that  the  highest  peaks  could  not  be 
ascended  except  from  the  west  slope.  This  we  found  to  be  the  case. 
We  had  been  warned  that  mosquitoes  and  horseflies  woidd  greatly 
trouble  us  in  the  mountains,  and  we  soon  learned  that  the  descriptions 
given  fell  far  short  of  the  reality. 

The  Wind  River  Range  may  here  be  appropriately  divided  into  three 
distinct  chains.  The  highest  one,  sloping  directly  westward,  is  inac- 
cessible from  the  east.  Then  follows  a  chain  of  high  foot-hills,  reaching 
above  timber-line  at  some  points,  falling  off  steeply  toward  the  east. 
Beyond  this,  forming  a  transition  into  the  low  country  of  the  Wind  River 
drainage,  is  a  long  row  of  hog-back-shaped  hills  of  large  proportions. 
These  are  composed  of  the  older  sedimentary  rocks,  and  rapidly  slope 
down  into  the  valleys.  Streams  cut  through  them,  forming  steep",  some- 
tunes  impassable,  cations. 

Upon  starting  out  from  Brown  we  followed  an  old  wood-road  up  to 
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the  summit  of  one  of  these  hills,  making  a  station  very  near  the  northern 
limit  of  our  district  From  here  we  obtained  a  good  view  of  the  mount- 
ains. Before  us  lay  a  perfect  wilderness  of  bare  rocks  on  the  summits 
and  slopes  of  ridges  which  lead  up  toward  the  highest  points  of  the  foot- 
hills. Numerous  small  lakes  and  foaming  mountain-torrents,  with  very 
picturesque  cascades,  kept  up  an  incessant  roar.  Wherever  soil  had 
formed,  dark  spruce  and  fir  timber  densely  covered  the  ground,  fringed, 
lower  (town,  by  the  lighter  colored  aspen.  After  the  desert-like  country 
we  had  traveled  through,  this  region  appeared  like  a  small  paradise,  and 
the  prospect  of  wood  and  water  permitted  us  readily  to  forget  the  annoy- 
ances that  awaited  us  in  the  shape  of  mosquitoes  and  horse-flies.  De- 
scending on  a  steep  grassy  slope  into  the  depression  between  the  outer 
hills  and  the  base  of  the  foot-hills,  we  made  camp  in  a  very  pretty  grove 
of  pines  and  quaking  asp.  A  deer,  too  curious  forfts  own  welfare,  was 
arrested  in  its  earthly  career  while  inspecting  our  camp.  The  cool 
mountain  air  brought  us  refreshing  sleep  in  spite  of  the  numberless 
mosquitoes  that  kept  up  a  monotonous  concert  during  nearly  the  entire 
night. 

On  the  day  following  we  traveled  parallel  to  the  range*  in  a  south- 
easterly direction.  Stations  were  made  on  the  outlying  hills,  and  camp 
was  moved  up  higher  into  the  mountains.  Instead  of  sinking  into  sand, 
as  we  had  done  a  few  weeks  before,  our  animals  were  now  obliged  to 
plod  through  swamps.  Nearly  frantic  from  the  bites  of  hundreds  of 
horse-flies,  they  dashed  their  heads  and  bodies  into  small  trees  or  branches 
of  larger  ones  utterly  regardless  of  rider  or  pack.  During  the  day  we 
crossed  several  small  streams,  tributaries  of  the  North  Fork  of  the  Big 
Popo  Agie.  On  some  of  the  streams  we  found  very  beautiful  "  parks  * 
containing  some  game.  Most  of  the  latter  had  sought  shelter  elsewhere 
to  escape  from  the  flies.  Within  the  dense  timber  they  were  less  trouble- 
some, but  near  any  body  of  water  they  came  in  thick  swarms.  Wo  were 
obliged  to  keep  our  camp  entirely  enveloped  in  smoke,  but  we  soon 
found  that  even  this  method  did  not  afford  protection.  Apparently  the  * 
mosquitoes  enjoyed  the  warmth  and  took  advantage  of  it.  By  evening 
the  animals  became  so  nervous  from  the  constant  vexation  that  often  the 
fmapping  of  » twig  would  start  them  on  a  small  stampede.  Rubbing 
their  breasts  and  necks  with  grease  seemed  to  be  the  best  remedy 
against  the  severe  attacks  froin  these  insects.  A  weak  solution  of  car- 
bolic acid  was  found  to  answer  very  well  until  evaporated. 

On  July  17  we  started  early  to  march  higher  up  into  the  mountains. 
We  had  been  informed  that  it  was  impossible  to  cross  the  North  Fork 
within  the  mountains,  but  we  proposed  to  make  the  attempt.  A  ride 
along  a  dim  Indian  trail  led  us  through  a  very  pretty  "  park."  Gradu- 
ally rising,  it  stretched  along  a  clear  mountain  brook  for  5  or  (5  miles. 
On  either  side  of  the  open  space  was  dense  pine  and  spruce  timber. 
About  ten  o'clock  we  reached  the  summit  of  the  ridge  t>eyond  which  the 
North  Fork  rushed  through  its  canon.  A  most  discouraging  sight  pre- 
sented itself  to  our  view.  Very  steeply  inclining,  the  slope  led  down 
tA  the  stream.  Boeks,  "  down  timber,"  and  marshy  places  covered  the 
slope.  Vertical  walls  of,  sometimes,  50  feet  in  height  threatened  seri- 
ous consequences  to  any  animal  that  might  slip  on  the  treacherous 
ground.  Below,  the  stream  rushed  along,  forming  a  continuous  series 
of  rapids.  On  its  other  side  a  slope  led  upward  the  exact  coiuiter- 
part  of  the  one  we  would  have  to  descend  before  reaching  the  river. 
After  selecting  the  best  route  we  led  our  mules  down,  winding  in  and 
out  of  rocks,  jumping  logs,  getting  mired  in  swamps,  and  having  hard 
work  of  it  generally.    In  due  time,  however,  we  reached  the  bottom  of  the 
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cuuon  and  found  that  all  the  animals  had  escaped  without  damage. 
Owing  to  the  treacherous  character  of  the  bank,  it  became  a  matter  of 
some  difficulty  to  find  a  ford.  Eventually  we  determined  upon  crossing 
in  an  eddy.  At  that  place  the  water  was  deep  enough  for  the  smaller 
mules  to  swim,  but  the  current  was  not  very  swift.  AH  reached  the  op- 
posite side  in  safety.  The  ascent  was  more  difficult  than  the  descent. 
It  was  necessary  to  move  logs,  cut  away  brush-wood  and  form  a  kind  of 
road  over  the  large  masses  of  broken  rock-bowlders.  At  some  places 
the  grade  was  very  steep,  so  that  the  mules  could  only  overcome  it  by  a 
run,  after  which  they  stood  still  above  the  first  surmounted  obstacle,  pant- 
iag,  and  blocking  the  way  for  the  next  comer.  After  a  couple  of  hours 
•of  climbing  we  reached  the  top  of  the  ridge.  Here  we  found  that  a  sort 
'Of  table  was  formed,  from  winch,  some  distance  beyond,  the  higher 
xidges  rose.  A  lakf  of  considerable  size  gave  a  very  pretty  character 
to  the  view  before  us,  and  numerous  fresh  deer  and  elk  tracks  showed 
that  game  appreciated  this  locality.  We  encamped  near  the  lake  dur- 
ing a  diiving  rain-storm  which  had  thoroughly  soaked  us  before  we  had 
.a  chance  to  get  dry. 

Camp  remained  stationary  the  next  day,  while  we  examined  the  high 
ridges  on  cither  side  of  us.  Ascending  the  steep  rocky  slope  to  the  west 
<of  the  lake  we  reached  timber-line  after  a  climb  of  about  1,000  feet. 
Above  that  we  found  an  abundance  of  snow.  From  the  summit  here 
"wo  obtained  a  remarkably  fine  view  of  the  main  chain  of  the  Wind 
-River  Range.  With  one  exception — the  Quartzite  Mountains  in  Colo- 
rado— I  have  never  seen  so  rugged  and  precipitous  a  mass  of  mountains  in 
America.  Enormous  vertical"  faces  fronted  to  the  east  absolutely  cutting 
off  any  approach  from  that  side.  Immense  fields  of  snow  still  remained 
in  the  deep  recesses  scarcely  ever  touched  by  the  rays  of  the  sun.  Ava- 
lanches of  snow  and  rocks  had  rushed  down  from  the  steep  slopes  for 
several  thousand  feet,  carrying  before  them  the  timber.  Now  they  lay 
in  masses  piled  up  in  chaotic  confusion.  Fissures  which  had  rent  the 
rocks  extending,  for  hundreds  of  feet  and  filled  with  glistening  snow, 
presented  a  weird,  wild  scene.  Save  the  rushing  of  torrents  leaping 
•over  the  rocks  no  sound  there  broke  the  stillness.  A  small  band  of 
mountain  sheep  making  their  appearance  on  the  crest  of  the  ridge  reminded 
us  of  camp,  and  one  of  them  soon  lay  bleeding  on  the  snow.  Returning 
<again  to  camp,  the  evening  was  spent  in  vainly  trying  to  escape  the 
mosquitoes. 

July  19  we  descended  the  ridge  south  of  us,  and,  after  a  inarch  of  about 
18  miles,  encamped  on  the  Big  Popo  Agie.  In  the  valley  of  this  river 
we  crossed  a  wagon-road  leading  from  the  timber  districts  down  to  the 
settlements  of  Landers.  Near  our  camp  we  found  the  stream  flowing  in 
a  series  of  rapids  over  huge  bowlders  within  a  narrow  canon.  A  few 
hoim*'  fishing  in  some  small  pools,  caused  by  a  partial  damming  of  the 
water,  furnished  us  with  a  good  mess  of  trout.  From  that  point  upward 
the  Popo  Agio  has  the  character  of  a  mountain  torrent.  Its  very  con- 
siderable4 fall  and  the  character  of  its  beds  produce  this.  About  a  mile 
and  a  half  below  our  camp  the  stream  suddenly  sinks,  remaining  entirely 
hidden  from  sight  beneath  large  rocks  for  some  distance.  Upon  emerg- 
ing it  soon  attains  the  same  size  as  at  the  place  of  disappearance.  Prob- 
ably a  subsidence  of  some  subterranean  cave  and  the  subsequent  filling 
iu  of  loose  rocks  have  produced  this  effect.  Early  the  next  morning  we 
crossed  the  river  near  an  abandoned  log-cabin,  and  made  some  stations 
on  the  outlying  sedimentary  hills.  Wc  had  now  reached  the  lower 
country  again,  but  determined  to  go  higher  up  into  the  mountains  once 
more,  so  as  to  finish  our  work  in  the  southern  end  of  the  range.    Travel- 
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ing  through  several  very  pretty,  well- watered  valleys,  we  finally  took  to 
a  ridge  leading  up  to  the  highest  points  of  the  foot-hills  or  second  chain. 
Large  timber  densely  covered  the  summit  and  slopes,  but  progress  was 
made  easy  by  the  absence  of  undergrowth  and  loose  bowlders.  As  we 
approached  timber-line,  however,  this  changed.  Angular  fragments  of 
rocks  covered  the  ground,  and  the  timber,  obtaining  but  a  poor  hold  in 
the  small  patches  of  soil  occurring  there,  had  succumbed  to  storms,  and 
now  lay  piled  up  in  every  direction.  Riding  became  impossible  at  some 
places,  and  as  it  was  getting  late  in  the  day  we  encamped  at  timber-line, 
about  10,800  feet  above  sea-level.  Even  here  we  could  not  remain  unmo- 
lested by  mosquitoes,  but  had  to  "  build  smokes  "  to  keep  them  off.  Before 
dark  we  made  a  station  on  a  peak  about  800  feet  above  timber-line.  From 
there  we  saw  that  we  were  near  the  southern  end  of  the  range,  and 
obtained  an  extensive  view  into  the  low  country  southwest  of  us.  We 
noticed  large  numbers  of  the  little  "mountain-rat"  (Lagomys  princepn) 
or  marmot*  Their  shrill  piping  note,  not  unlike  the  chirp  of  a  squirrel, 
was  heard  all  over  the  hill,  and  the  graceful  little  animals  came  out  of 
their  rocky  homes  to  look  at  us  with  mingled  surprise  and  curiosity.  A 
very  cold  night,  with  ice  in  the  water  by  morning,  recalled  to  us  the 
amenities  of  lower  elevations.  On  the  following  day  we  traveled  toward 
the  southeast,  passed  over  a  high  dividing  ridge,  and  found  ourselves  on 
the  drainage  of  Sweetwater  Eiver.  We  had  thus  crossed,  the  southern 
end  of  the  range,  and  found  ourselves  within  20  miles  of  Camp  Stambaugh. 
July  22  we  started  early  ?  and  traveling  through  a  very  pretty  series 
of  valleys  and  across  low  ridges,  we  reached  the  stage-road  near  Atlantic 
City.  Scattering  timber  in  the  gulches  and  a  few  pines  along  the  ridges 
give  the  region  a  very  pleasing  appearance.  Hay  is  cut  in  some  of  the 
meadows,  which  is  furnished  to  settlers  and  to  the  military  posts.  By 
afternoon  we  reached  Stambaugh,  where  wo  found  Clymer  fully  recov- 
ered from  his  attack  of  fever,  thanks  to  the  kind  attentions  he  had 
received  at  the  hands  of  the  officers  and  to  his  good  constitution. 
Although  we  had  been  absent  but  a  short  time  on  our  last  trip,  the 
large  number  of  incidents  that  had  been  crowded  into  each  day  made 
the  time  since  our  last  departure  from  the  post  appear  very  much  longer. 
Having  arranged  whatever  woidd  occupy  our  time  during  the  same  day, 
we  were  prepared  to  leave  the  post  on*  the  next  morning,  once  niore 
having  the  number  of  our  party  complete. 

FROM  CAMP  STAMBAUGII  TO  SNOW  PEAK  AND  RETURN. 

July  23  we  left  Camp  Stambaugh,  intending  to  survey  the  western 
slope  of  the  Wind  River  Mountains.  Marching  along  the  stage-road, 
we  passed  through  Atlantic  and  South  Pass  cities,  camping  a  few  miles 
west  of  the  latter.  On  the  day  following  we  traveled  up  one  of  the 
tributaries  of  the  Sweetwater,  through  a  heavily-timbered  region. 
Willow  grouse  (Lagopus  leucurm)  were  quite  plentiful,  and  our  stock  of 
provisions  was  enlarged  by  the  acquisition  of  a  black-tail  deer.  Wo 
made  camp  near  the  base  of  the  highest  peak,  at  the  southern  end  of 
the  range.  To  our  sincere  satisfaction  wo  found  the  mosquitoes  and 
flies  less  troublesome  on  this  side  of  the  mountains,  owing,  probably,  to 
the  fact  that  they  were  here  more  exposed  to  wind.  A  very  pretty 
little  valley  contained  a  portion  of  the  Sweetwater,  which  rises  higher 
up  in  the  mountains.  Rich  grass  and  comparative  freedom  from  molest- 
ing insects  were  of  good  service  to  our  animals.  Within  a  small  grove 
of  slender  pines  we  had  pitched  our  tents,  enjoying  the  comfort  of  a 
good  camp.    Remnants  of  a  brush-hut  ana  bones  of  deer,  mountain- 
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sheep,  and  other  game  indicated  an  old  camp  of  hunters  who  had  evi- 
dently met  with  good  success. 

On  July  23  we  started  at  sunrise  to  climb  the  high  peak  before  us. 
A  ride  of  about  8  miles  led  us,  gradually  ascending,  to  its  immediate 
base.  The  timber  covering  the  ridge  we"  rode  along  on  was  spruce,  of 
singularly  regular  growth  and  free  from  under  brush  and  fallen  trees. 
As  we  approached  timber-line,  however,  the  remnants  of  former  glaciers 
and  the  accumulation  of  avalanchial  drift  rather  impeded  our  progress. 
Huge  bowlders  were  piled  on  top  of  one  another,  forming,  at  times, 
dams  behind  winch  small  lakes  had  collected.  Near  timber-line  we 
came  across  a  band  of  mountain-sheep  (Orw  montana)  numbering  over 
100.  Old  rams,  ewes,  and  lambs  were  ail  represented.  Upon  our  ap- 
proach they  scampered  oft'  in  a  great  hurry,  but  not  before  some  had 
been  secured.  Tying  our  mules  securely  to  some  dwarf  pines  (Pinm 
ivntorta)  growing  at  the  extreme  limit  of  timber  we  proceeded  to  ascend 
the  rocky  slope  on  foot.  Hero  again  we  met  with  a  small  band  of  sheep. 
Fremont,  in  his  report,  frequently  alludes  to  the  large  numbers  he  saw 
in  this  range  during  his  visit  35  years  ago.  He  mentions  them  either 
as  " sheep"  or  " goata."  The  Rocky  Mountain  goat  (Aploceras  montanus) 
is  a  totally  different  animal,  occurring  farther  northwest.  We  found 
that  the  sheep  at  this  season  of  the  year  had  not  yet  shed  their  winter 
coats.  Frequently  the  report  that  these  sheep  were  covered  with  "  wool* 
has  been  regarded  as  one  evolved  entirely  lroin  the  hunter's  own  con- 
sciousness. Upon  this  occasion  we  found  that  the  wool  which  they  had 
certainly  carried  during  the  winter  was  just  shedding.  A  growth  of 
still'  hair,  about  three-quarters  of  an  inch  in  length,  was  nearest  to  the 
skin,  and  u]>on  this  we  saw  a  layer  of  fine,  light-gray  wool,  about  half 
an  inch  in  thickness.  It  was  at  the  time  gradually  being  pushed  off. 
On  some  portions  of  the  body  the  single  hairs  of  wool  could  be  directly 
traced  to  the  skin,  not  having  as  yet  severed  their  connection.  We 
found  this  not  only  on  a  single  specimen,  but  on  all  that  were  killed. 
So  far  as  we  could  determine,  upon  the  rather  hurried  glimpse  we  had 
of  the  entire  band,  all  its  members  were  in  the  same  condition  as  regards 
covering. 

Climbing  over  rocks  and  isolated  patches  of  snow,  we  finally  reached 
the  summit  of  the  peak.  By  barometric  measurement  it  was  found  to 
be  lL',700  feet  high.  By  some  of  the  settlers  and  on  some  maps  this 
mountain  is  designated  as  Fremont's  Peak.  Inasmuch  as  this  latter  is 
over  40  miles  farther  north,  however,  the  name  cannot  stand.  Appro- 
priate to  its  location  and  the  pleasant  remembrances  we  earned  with  us 
from  the  neighboring  post,  we  named  this  mountain  Stambavgh  Peak. 

July  20  we  broke  camp,  and,  after  crossing  the  Sweetwater,  ascended 
a  high  ridge.  Here -wo  found  very  fine  timber,  with  grassy  soil  under 
foot.  Before  us  lay  the  massive  form  of  a  mountain  that  has  received 
the  name  of  8mhp  Peak.  While  riding  along  in  the  forest  we  met  our 
first  band  of  elk  (Elaphus  Canadensis).  One  succumbed  to  several  rifle- 
balls.  The  horns  were  still  "in  velvet"  and  coidd  not  be  preserved,  but 
the  meat  was  much  admired.  Advancing  toward  the  downward  slope 
of  the  ridge,  we  saw  beneath  us  a  large  lake  of  remarkable  clearness. 
Italiect-ing  the  rugged  hill-sides  surrounding  it,  the  varied  coloring  pre- 
sented by  bare  rocks  and  dark  spruce  timber  allowed  but  a  small  space 
to  remain  for  the  image  of  a  blue  sky,  with  its  white,  floating  clouds. 
From  where  we  stood  it  appeared  impossible  to  descend  the  sloj>e  toward 
the  lake,  and  equally  impossible  to  continue  forward.  We  decided  upon 
the  former.  Clearing  away  timber  and  brush,  making  roads  over  the 
vast  fields  of  angular  rock-fragments,  and  sliding  the  mules  down  over 
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steep,  smooth  rocks  inpo$itu9  we  reached  the  lake  after  several  hours  of 
hard  work. 

Looking  up  along  the  route  which  we  had  just  traveled,  it  seemed  in- 
credible that  any  animal  larger  than  a  deer  could  accomplish  what  our 
mules  had  done.  From  below  we  could  see  nothing  but  a  mass  of  steep 
rocks,  one  apparently  piled  on  top  of  the  other,  with  a  scattering  growth 
of  timber  intervening.  Narrow  ledges,  not  visible  from  below,  bad  been 
the  means  which  made  our  descent  feasible.  After  a  certain  distance 
had  been  traversed,  it  was  no  longer  a  matter  of  choice  whether  wo 
would  go  on  or  not,  as  a  return  by  the  same  way  would  have  been  be- 
yond our  power.  We  encamped  at  the  lake,  in  the  shelter  of  a  grove  of 
spruce- trees.  Not  for  from  our  camp  we  found  that  of  two  fishermen, 
who  gained  a  well-earned  livelihood  by  catching  fish  in  this  lake — Bar- 
tePa  Lake — and  selling  them  at  the  settlements.  They  had  constructed 
a  raft,  upon  which  they  pushed  out  into  the  lake,  and  then  fished  in 
deep  water  with  still  bait.  Two  of  us  accompanied  them,  and  an  hour's 
fishing  furnished  us  with  over  a  hundred  pounds  of  very  fine  trouty 
weighing  from  three-quarters  to  a  pound  and  a  half  each.  It  seems 
that  this  lake  is  literally  crowded  with  fish,  and  their  rather  emaciated 
condition  indicated  that  there  might  be  more  tban  could  well  be  sus- 
tained there.  In  this  connection  a  fact  may  be  mentioned  that,  sur- 
prising as  it  may  'seem,  is  frilly  borne  out  by  numerous  observations :  In 
the  head-drainage  of  the  Sweetwater  not  a  trout  can  be  found,  while  in 
that  of  Green  River,  as  well  as  Wind  River,  they  occur  in  large  quanti- 
ties. Why  this  should  be  so  is  not  very  apparent.  The  streams,  near 
their  headwaters,  or  rather  those  of  their  tributaries,  are  but  a  few  miles 
apart.  They  rise  in  the  same  lithological  formations,  and  eventually 
they  flow  through  the  same.  All  of  the  streams  under  consideration  ob- 
tain considerable  size  while  yet  within  the  metnmorphic  area.  In  both 
the  Green  River  and  Wind  River  drainage,  trout  are  caught  long  after 
the  streams  have  left  the  metamorphics.  So  far  as  can  be  determined 
without  detailed  examinations,  the  vegetation  on  all  these  streams  is 
essentially  the  same,  and  no  industrial  works  are  extant  that  might 
adulterate  the  water  of  the  Sweetwater.  Wherever  a  stream  of  any  size 
presented  itself  we  fished,  and,  unless  falls  or  large  cascades  prevented 
the  rising  of  the  trout,  they  were  found  in  all  creeks  excepting  those 
which  flow  into  the  Sweetwater.  No  cause  that  is  apparent  to  me  can 
be  assigned  for  this  peculiar  distribution. 

Mr.  Fosher,  one  of  the  fishermen,  decided  to  accompany  us  on  the  fol- 
lowing day  in  our  ascent  of  Snow  Peak.  It  appeared  to  be  iha  highest 
peak  of  that  portion  of  the  range,  and  we  promised  ourselves  a  very 
extensive  view  from  its  summit 

On  July  27  we  made  an  early  start,  expecting  a  long  foot-climb. 
Siding  up  the  narrow  canon  of  the  stream  which  emptied  into  Barret's 
Lake,  we  gradually  approached  timber-line.  The  ground  was  frozen 
hard,  and  we  rode  in  safety  over  swamps.  Small  lakes,  shallow,  as  a 
rale,  were  almost  entirely  frozen  over.  On  either  side  of  the  narrow, 
partly-timbered  valley,  precipitous  walls  of  metamorphic  rocks  rose  up 
to  a  relative  elevation  of  more  than  a  thousand  feet.  Exposed  jrocks  on 
the  ground  showed  very  thorough  effects  of  glaciation,  and  rows  of 
erratic  bowlders  denoted  the  course  of  former  glaciers.  Slowly  making 
our  way  in  the  valley,  which  gradually  grew  narrower  as  we  approached 
the  immediate  base  of  the  mountain,  wo  encountered  large  masses  of 
snow.  Upon  it  we  found  the  trades  of  what  must  have  been  a  bear  of 
very  large  size.  A  porcupine  (Erethizon  epixanthus),  having  shed  its 
quills,  was  shot  near  timber-line.    As  the  snow  was  comparatively  firm 
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we  could  safely  ride  over  it,  although  at  many  places  it  was  over  20  feet 
deep  and  would  have  hopelessly  sunk  animal  and  rider  had  the  hard 
surface-crust  broken.  At  one  place  my  mule  broke  through,  and  had 
she  not  been  near  the  edge  of  the  snow-bank  it  would  have  required 
hard  work  to  get  her  out.  As  it  was,  she  struggled  for  a  foothold  and 
was  gradually  dragged  to  firmer  ground  by  the  lariat.  Having  ridden 
up  a  very  steep,  rocky  slope,  until  we  reached  an  elevation  of  about 
12,500  feet  above  sea-level,  we  secured  our  animals  to  some  rocks  on  the 
top  of  the  ridge  and  commenced  the  ascent  of  the  peak  on  foot.  Paus- 
ing a  moment  to  survey  the  ground  before  us,  we  found  ourselves  on  a 
sharp  ridge  falling  off  steeply  toward  the  northeast.  Our  position  was 
about  west  of  the  peak.  Two  thousand  feet  below  us  were  several  small 
lakes,  still  frozen  over,  showing  a  light-green  color,  which  strongly  con- 
trasted with  the  dark  shade  of  surrounding  spruce-timber.  Before  us 
lay  a  steep  slope,  leading  from  the  peak  down  to  these  lakes,  about  4,000 
feet  in  length  and  1,000  feet  wide.  This  was  covered  by  one  field  of 
snow.  From  what  we  there  saw,  we  estimated  that  the  thickness  of 
tliis  snow  mass  must  be  over  100  feet  at  some  places.  In  order  to  make 
the  ascent  we  walked  across  this  steep  snow-bank  in  a  line  slightly 
slanting  upward.  Hard  and  crisp  as.it  was,  the  foot  had  to  be  firmly 
set  down  so  as  to  retain  its  hold.  Once  in  a  while  one  of  the  party  would 
slip  and  slide  down  on  the  smooth  bank  some  distancb  before  he  could 
stop  himself.  Having  traversed  the  entire  width  of  the  field,  we  took 
advantage  of  some  rocks  projecting  from  a  small  spur,  and  climbing 
upward  partly  on  them,  partly  on  the  snow,  we  finally  reached  a  point 
from  where  the  ascent  became  more  gentle.  Before  eleven  o'clock  we 
reached  the  summit  of  the  peak.  There  Ave  found  a  monument  built  by 
Mr.  Wilson,  the  chief  of  the  main  triangulating  party.  He  had  ascended 
the  peak  about  a  month  before  us,  for  the  purposes  of  his  work,  but  was 
forced  to  abandon  it  on  account  of  a  storm.  A  few  days  later  he  made 
a  second  attempt,  and,  although  suffering  severely  from  the  cold,  suc- 
ceeded in  accomplishing  his  work.  At  the  time  of  our  ascent  it  was 
cold,  the  thermometer  standing  at  44°  F.  Added  to  this  was  a  sharp 
westerly  wind,  against  which  our  coats  afforded  no  protection.  Our  dog 
had  faithfully  accompanied  us  to  the  very  summit,  13,400  feet  above  sea- 
level. 

The  view  from  this  peak  came  frilly  up  to  our  expectations.  Looking 
toward  the  northwest  we  saw  the  numerous  jagged  peaks  of  the  Wind 
River  Range.  About  35  miles  distant  was  one  apparently  higher  than 
those  surrounding  it.  This  was  Fremont's  Peak.  Rising  above  all  near 
it,  this  mountain  is  a  fit  monument  to  the  energetic  explorer,  who,  in 
1842,  when  the  entire  country  was  but  an  jinknown  and  dangerous 
wilderness,  unfurled  the  American  Hag  on  its  summit.  To  the  west  the 
mountains  of  this  main  chain  present  more  accessible  slopes^  while  their 
eastern  faces  are  exceedingly  precipitous.  From  the  top  ot  Snow  Peak 
a  stone  coidd  be  thrown,  eastward,  that  would  fall  fully  2,000  feet  before 
striking.  Surprising  to  us  were  the  enormous  masses  of  snow  remaining 
in  the  mountains  at  even  so  advanced  a  time  of  the  season  as  July  27. 
It  may,  perhaps,  be  due  to  the  steep,  eastern  fiiccs,  which,  in  many  in- 
stances, are  so  placed  as  to  allow  the  action  of  the  sun's  rays  but  a  very 
limited  influence.  Looking  down  upon  the  accumulations  of  snow,  and 
noticing  the  favorable  orography  of  the  region,  I  fully  expected  to  find 
active  glaciers  within  the  Wind  River  Mountains.*  Although  none 
were  discovered,  traces  were  found  of  extinct  glaciers,  appearing  so  fresh 

•Note. — Since  tho  above  was  was  written,  the  coloring  parties  of  this  survey  have 
during  the  past  summer  found  active  glaciers  in  this  range. — E. 
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that  they  should  certainly  be  regarded  as  Laving  existed  at  a  very  recent 
period. 

Looking  beyond  the  foot-hills  we  saw  the  low  country  stretching  out 
in  an  unbroken  expanse.  Dark  lines,  produced  by  timber,  indicated  the 
courses  of  streams ;  and  bluffs,  that  bad  given  us  some  trouble  in  sur- 
mounting, disappeared  totally.  To  the  west  and  north  we  saw  the  Green 
Biver  Mountain  and  the  famous  Teton  Range,  with  its  culminating  point, 
Mount  Hayden.  Far  in  the  distance,  too,  the  Bighorn  mountains  rose 
in  hazy  form  above  the  level  of  the  plains,  completing  the  northeastern 
horizon. 

Having  duly  chronicled  the  date  of  our  ascent  on  a  piece  of  paper,  and 
intrusted  it  to  the  protection  of  the  monument,  we  commenced  the 
descent.  Upon  reaching  the  snow-bank,  which  stretched  for  nearly  a 
mile  before  us,  we  employed  a  method  well  known  to  school-boys  "for 
rapidly  accomplishing  our  downward  course.  Sitting  down  upon  the 
snow?  which  by  this  time  had  become  a  little  softer  than  it  fcas  in  the 
morning,  we  "  slid  "  down  the  steep  incline.  Going  at  a  very  high  speed, 
we  had  the  satisfaction  of  accomplishing  500  feet  of  our  descent  within 
a  very  few  minutes.  This  performance  produced  a  high  degree  of  pleas- 
ure in  our  dog,  who  evidently  seemed  to  think  that  it  was  accomplished 
far  his  especial  edification.  Arriving  at  a  convenient  point  wo  stopped 
ourselves  and  recrossed  the  snow-field.  Our  mules  were  somewhat  rested 
by  this  time,  and  we  started  on  the  journey  to  camp.  Avoiding  the 
snoW-flelds  which  we  had  crossed  in  the  morning  we  led  them  down  a 
steep  sk>pe?  and  then  returned  by  the  same  way  we  had  come.  About 
six  o'clock  m  the  evening  we  arrived  at  camp  very  hungry.  As  this  was 
fthe  highest  peak  we  expected  to  climb  during  the  summer;  the  success- 
ful accomplishment  of  our  ascent  gave  us  great  satisfaction.  Had  we 
entered  this  portion  of  the  range  earlier  in  the  season  our  work  could 
have  been  completed  only  amid  the  greatest  hardships. 

Pew  mountain  ranges,  perhaps,  present  so  typical  an  orographic  struct- 
ure, and  from  the  summit  of  Snow  Peak  wo  had  a  particularly  favorable 
opportunity  of  studying  it.  Its  relative  position,  and  the  commanding 
view  there  obtained,  render  it  one  of  the  most  conspicuous  peaks  of  the 
range.  No  one  before  Wilson  seems  ever  to  have  ascended  it,  and  our 
party,  therefore^  was  the  second  one  that  successfully  made  the  attempt. 
Taking  leave  of  our  companion  of  a  few  hours,  Mr.  Tosher,  we  spent  tho 
evening  in  discussing  the  events  of  the  day. 

July  28  we  continued  our  march  northwestward,  along  the  slope  of 
the  range,  camping  on  a  small  stream.  The  day  following  we  crossed 
the  Big  Sandy  River,  which,  within  the  mountains,  is  a  rushing  stream 
carrying  a  good  supply  of  water.  Full  of  bowlders,  and  very  swift,  it  is 
rather  difficult  to  cross.  We  encamped  that  afternoon  at  the  head  of  a 
swampy  meadow,  at  considerable  elevation.  It  is  about  2  miles  long 
and  half  a  mile  wide.  Toward  evening  we  saw  a  large  grizzly  bear  ( Ursu% 
horrihili*)  in  the  grass,  and  proceeded  to  kill  him.  Being  obliged  to  lire 
at  very  long  range,  because  he  took  to  flight,  we  missed  hiin.  Expect- 
ing to  fall  in  with  bim  again,  we  followed  his  tracks  for  a  considerable 
distance,  but  darkness  soon  set  in  and  we  lost  him.  While  endeavor- 
ing to  retrace  our  steps  toward  camp,  we  encountered  a  second  bear. 
Having  shot  at  some  other  game,  our  stock  of  ammunition  was  so  low 
that  we  did  not  fire.  During  the  day  we  saw  several  porcupines.  Ono 
of  them  was  on  a  sprace-tree,  about  16  feet  from  the  ground.  We  had 
frequently  observed  that  the  bark  was  removed  at  varying  heights  from 
such  trees,  and  we  now  found  the  porcupine  engaged  in  this  exercise. 
Before  we  could  leave  tho  dense  forest,  where  progress  was  very  much 


24      EEPOET  UNITED  STATES  GEOLOGICAL  SURVEY. 

impeded  by  fallen  timber,  it  was  absolutely  dark.  By  ten  o'clock  the 
three  bear-hunters  gave  up  the  idea  of  reaching  camp  that  night,  and, 
building  several  huge  fires,  "slept  out."  At  that  altitude  the  night 
was  very  cold,  but  by  lying  each  between  two  fires  we  managed  to 
keej)  warm,  itfext  morning  by  eight  o'clock  we  returned  to  camp,  find- 
ing it  readily  as  soon  as  daylight  enabled  us  to  distinguish  our  land- 
marks. After  a  hearty  breakfast  we  set  off  on  our  journey.  Biding  for 
a  short  distance  through  a  combination  of  swamps  and  "down  timber,9 
we  soon  emerged  into  a  very  fine  forest.  With  ease  we  passed  on  through 
this  until  our  progress  was  temporarily  arrested  by  meeting  with  a  band 
«f  elk.  Shortly  after  wo  saw  some  deer,  and  " bear-tracks^  were  plenti- 
ful. Biding  over  smoothly-polished  rocks  and  through  shallow  swamps, 
we  finally  reached  the  stream  that  lower  down  has  received  the  name  of 
the  "  Muddy ?  Where  we  camped  on  it  that  evening  it  by  no  means 
justified  this  appellation.  Similar  to  the  Big  Sandy,  it  flowed  swiftly, 
as  a  torrent,  over  large  bowlders,  often  confined  within  narrow  walls. 
No  fish  were  found  in  it  at  this  point,  owing  to  rapids  and  cascades  some 
distance  down  stream. 

On  the  day  following  we  marched  up  the  Muddy.  On  the  west  side 
of  this  stream  a  long  plateau-like  ridge  led  up  to  Temple  peak,  upon 
which  a  station  was  made.  Passing  tins  peak,  we  found  an  Indian  trail 
leading  across  the  mountains.  It  is  the  one  usually  called  the  "  Sho- 
shone trail."  We  followed  it  to  timber  line  and  there  camped.  Two 
of  the  party  rode  on  beyond  the  main  divide,  dnesceding  some  distance 
on  the  Wind  Biver  side.  The  trail  was  found  to  be  a  very  good  one, 
overcoming  with  ease  the  difficulties  of  the  ascent.  Much  snow  was 
still  lying  tiiere,  although  the  smaller  banks  were  rapidly  melting.  From 
the  divide  a  very  beautiful  view  was  obtained  of  the  Wind  Biver  drain- 
age to  the  east,  and  that  of  Green  Biver  to  the  west.  East  of  the  divide 
the  trail  leads  over  steep  slopes  composed  of  loose  rocks.  Winding  in 
zigzag,  it  soon  gains  better  ground,  however.  This  trail  leads  from  the 
base  of  the  mountains,  where  it  is  made  up  by  several  others  coming 
from  farther  west,  directly  across  the  range  to  Camp  Brown.  So  far  as 
1  have  seen  the  range,  this  is  the  most  southerly  feasible  pass.  Tracks 
upou  it  showed  that  two  days  before  several  Indians  had  passed  over  it, 
going  eastward.  They  belonged  to  some  of  the  hunting  parties  which 
had  been  absent  from  the  agency  at  the  time  of  our  visit  there. 

On  August  1  we  turned  back  toward  the  plains.  We  had  reached  the 
northwestern  corner  of  our  district,  and  proposed  marching  eastward 
along  the  western  base  of  the  range.  Following  the  trail  down  along 
the  Muddy,  our  route  lay  over  the  high  plateau-like  ridge  mentioned 
above.  Leaving  the  trail  there,  we  rode  along  the  ridge  and  camped  at 
its  western  end  near  some  of  the  high  foot-hills.  Several  stations  were 
imidc,  and  on  the  next  day  we  continued  our  journey  downward.  Bid- 
ing "across  country,"  we  soon  reached  the  trail  and  followed  it.  It  car- 
ried us  through  a  most  interesting  region  as  long  as  we  remained  at  high 
altitudes.  Everywhere  were  the  most  conspicuous  proofs  of  glaciation. 
Shallow  lakes  were  formed  by  the  transverse  placing  of  terminal  moraines, 
and  the  rocks  frequently  showed  a  mirror-like  polish.  Before  we  reached 
the  valley,  we  were  agreeably  surprised  by  meeting  a  large  party  of 
Shoshone  Indians.  Among  them  was  our  former  acquaintance,  from 
whom  we  had  obtained  some  trout  on  the  North  Fork.  Perhaps  under 
no  circumstances  does  the  Indian  appear  to  such  great  advantage  as 
when  on  the  march.  The  "  warriors"  are  arrayed  in  their  best  garments, 
ride  good  horses,  and  are  fully  impressed  with  their  own  dignity.  Seated 
high  upon  bundles  of  fur  or  other  articles,  the  squaws  present  a  sj>ecta- 
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cle  less  inviting,  certainly,  but  no  less  picturesque.  Swaying  from  side 
to  side  with  the  motion  of  the  horse,  carrying  a  child  or  two  before 
them  and  one  on  the  back,  these  creatures  are  the  picture  of  unalterable 
helplessness.  Haggard  and  worn,  when  old,  they  more  closely  resemble 
the  type  of  a  witch  than  anything  else.  Surprising  to  the  stranger  is 
the  fearlessness  with  which  small  urchins  and  girls  sit  on  their  ponies. 
Gaudy  colors  and  profuse  ornamentation  of  both  man  and  animal  lend 
to  the  Indians  a  peculiar  charm  of  appearance  that  clothes  of  civilized 
cut  cannot  replace.  As  compared  to  some  other  tribes,  the  Shoshones 
are  careful  of  their  dress,  and  produce  a  favorable  impression.  With 
our  introductory  "How!"  and  the  same  salute  at  parting,  the  main  por- 
tion of  the  conversation  with  many  of  the  individuals  was  concluded, 
and  we  proceeded  on  our  march.  After  a  long  ride,  during  which  we 
followed  the  trail  down  beyond  the  foot-hills,  we  reached  the  Muddy 
Biver,  and  that  evening  made  our  fiftieth  camp  of  the  season.  The 
river  was  found  to  contain  fine  trout,  and  we  enjoyed  a  change  from  ven- 
ison to  fish. 

August  3  we  marched  southeastward  along  the  base  of  the  mountains. 
We  there  observed  that  a  subsidiary  chain  separated  from  the  main  range, 
forming  a  series  of  isolated  hills  and  groups.  Cut  by  the  drainage  from 
the  mountains,  the  continuity  of  this  chain  is  repeatedly  broken.  From 
the  relative  elevation  of  the  highest  points,  and  the  geognostic  character,  it 
is  evident  that  a  connection  formerly  existed.  Making  stations  on  the 
granitic  hills  to  the  left  of  our  line  of  march,  we  reached  the  Big  Sandy 
on  August  4.  Where  we  camped  the  old  wagon-road,  formerly  known 
as  the  "  Oregon  trail,"  crosses  the  stream.  FrGmont  travelled  along  this 
route,  sometimes  called  Lander's  Cut-off,  on  his  way  to  the  New  Forks, 
from  where  he  ascended  the  peak  that  bears  his  name.  During  the  time 
of  the  Sweetwater  mining  excitement  this  road  was  much  used  by  pros- 
pectors, who  examined  the  lower  portions  of  the  range  in  the  expecta- 
tion of  finding  paying  metalliferous  deposits.  Game  is  plentiful  in  the 
region  of  the  Big  Sandy,  consisting  of  deer  and  antelope,  and  the  stream 
contains  an  abundance  of  very  tine  trout. 

Reports  have  been  current  for  a  long  time  concerning  waterfalls  on 
the  Big  Sandy  above  the  crossing  of  the  wagon-road.  In  order  to  satisfy 
ourselves  upon  this  point  we  examined  the  river  on  August  5.  The 
train  proceeded  along  the  road  to  the  Little  Sandy.  Following  up  the 
valley,  we  found  this  soon  growing  narrower,  until  it  changed  into  a  steep 
canon.  Within  this  a  growth  of  heavy  timber  lined  the  sides,  and  the 
water  came  tumbling  and  rolling  down  over  immense  bowlders,  tree 
stumps,  and  fallen  logs.  In  this  way,  owing  to  the  steep  fall  of  the  river- 
bed, a  series  of  very  tine  cascades  is  formed.  No  definitely  developed 
foil  was  found,  and,  although  we  were  disappointed,  the  wild  character 
of  the  canon  and  the  beauty  of  the  rushing  stream  amply  rewarded  us 
for  our  unsuccessful  search. 

Leaving  the  caiion,  we  made  a  station  on  one  of  the  isolated  granitic 
hills.  At  the  base  of  this  the  wagon-road,  which  heretofore  had  remained 
southwest  of  the  granite  ridge,  curved  to  the  northwest  and  continued 
between  the  outer  range  and  the  western  base  of  the  main  chain.  The 
next  stream  eastward  issuing  from  the  mountains  is  the  Little  Sandy. 
Descending  from  the  liill  upon  which  we  had  made  our  station  wo  turned 
southward,  in  order  to  camp  ou  the  Little  Sandy,  outside  of  the  granitic 
ridge.  To  our  surprise,  we  found  an  old  buffalo  bull  quietly  grazing 
near  a  grove  of  quaking  asp.  A  lively  chase  and  a  few  shots  brought 
him  down.  He  was  evidently  very  old,  and,  having  turned  somewhat 
morose,  left  his  herd  to  enjoy  life  in  solitude.    His  meat  was  so  tough 
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as  to  bo  unfit  for  eating  purposes,  and  even  his  tongue  required  six 
hours'  boiling  without  becoming  palatable.  During  the  afternoon  we 
made  a  station  on  one  of  the  small  bluffs  west  of  the  stream.  Antelope 
were  very  numerous,  but  shy. 

On  Augmt  6  we  regained  the  wagon-road  and  continued  our  march 
toward  the  Sweetwater.  During  the  day  we  rode  over  the  famous  South 
Pass.  As  both  Fr&nont  and  Dr.  Hayden  remark  in  their  respective  re- 
ports, it  is  a  matter  of  some  difficulty  to  determine  accurately  where  the 
continental  divide  really  is  located.  The  ascent  from  either-  side  is  so 
gentle  that  it  can  scarcely  be  noticed.  This  pass  certainly  presents  a 
more  gentle  slope  than  any  other  one  crossing  the  "  backbone  of  the  con- 
tinent.77 On  the  way  we  met  large  herds  of  cattle  which  were  grazing 
in  the  valleys.  Throughout  the  entire  region  there  is  good  feed  for  cat- 
tle, and  it  is  utilized  by  various  cattle-owners.  In  some  of  the  meadows 
hay  is  cut,  which  easily  finds  a  market.  After  a  ride  of  nearly  20  miles 
we  once  more  reached  the-  Sweetwater,  where  wo  encamped.  Here  the 
river  was  much  larger  than  where  we  last  had  seen  it,  in  the  mountains. 
Attempts  at  isolated  settlements  had  been  made  there  a  number  of  years 
ago,  but  with  the  decline  of  the  mines  they  were  abandoned. 

Leaving  the  Sweetwater  on  the  next  morning  we  continued  our  march 
eastward,  passing  over  some  very  pretty  country.  In  the  afternoon  we 
camped  at  a  small  spring  near  some  haymakers. 

On  August  8  we  rode  into  Camp  Stanibaugh  for  the  last  time.  While 
passing  through  South  Pass  and  Atlantic  cities  I  examined  the  mines 
there.  As  has  been  stated  above,  but  few  of  them  are  worked  at  pres- 
ent. The  owners  and  settlers  generally  are  hopeful,  however,  and  addi- 
tional development  of  the  agricultural  resources  of  the  region  may  give 
a  new  impulse  to  the  mining  interests. 

Arriving  at  Stambaugh  we  found  our  old  Mends  well,  and  a  large 
quantity  of  mail  awaiting  us.  While  camp  remained  stationary  there 
during  the  next  day  the  examination  of  mines  of  the  neighborhood  was 
completed.  Accompanied  by  Lieutenant  Cole,  the  ride  from  place  to 
place  was  rendered  very  agreeable.  Before  leaving  the  post  we  shipped 
our  trophies  of  the  chase  and  specimens,  took  a  new  stock  of  provisions, 
and,  thanks  to  the  courtesy  of  the  quartermaster,  had  some  of  our  mules 
reshod.  Having  completed  all  our  arrangements,  we  looked  forward  to 
our  final  departure  from  the  post  that  had  become  so  pleasantly  familiar 
to  us.  All  the  western  portion  of  our  district  was  finished  and  but  seven 
weeks  of  the  season  remained  to  complete  the  rest. 

CAMP  STAMBAUGH  TO  ROCK  INDEPENDENCE. 

Bidding  the  officers  of  Camp  Stambaugh  a  final  adieu  on  the  morning 
of  August  10,  we  departed,  carrying  with  us  grateful  recollections  of 
their  kindness  and  attention.  Following  the  road  which  leads  to  Miner's 
Delight,  we  soon  began  to  descend  on  to  the  Wind  Biver  drainage. 
Leaving  the  road  near  the  beginning  of  the  old  sedimentary  beds,  wo 
rode  off  to  the  southeast.  A  last  view  was  here  obtained  of  Bed  Cation 
and  its  picturesque  surroundings.  Examining  the  strata  as  we  passed 
over  them,  we  gradually  descended  toward  Twin  Creek  Cafioii.  Near 
its  upper  end  we  encamped  at  the  base  of  a  high,  deeply  corrugated 
sandstone  rock.  Upon  its  top  we  found  the  remnants  of  an  old  Indian 
"lookout."  The  view  from  that  point  commands  several  important 
passes,  and  it  was,  therefore,  well  chosen.  Biding  down  the  canon,  we 
reached  Sheep  Mountain  on  the  day  following.  One  feature  strongly  re- 
^flpinded  us  of  the  fact  that  we  had  descended  considerably  since  leaving 
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Stambaugh — the  occurrence  of  rattlesnakes.  Meeting  with  several  of 
them  during  the  day,  we  had  occasion  to  make  some  interesting  observa- 
tions. We  found  that  when  the  snake  is  getting  ready  to  strike  it  grad- 
ually raises  the  fore  portion  of  its  body  from  the  ground,  supporting  it 
upon  one  or  two  coils  near  the  tail.  While  this  is  going  on  the  toil  stands 
clear  from  the  ground  and  the  rattles  are  constantly  m  motion.  Imme- 
diately before  biting,  the  head,  neck,  and  upper  portion  of  the  body,  which 
may  be  raised  to  a  height  of  more  than  a  foot  from  the  ground,  are  curved 
slightly  backward,  and  then  thrown  forward  swiftly  with  great  violence. 
Tins  is  the  "spring"  of  the  rattlesnake  which  popular  report  has  mag- 
nified very  much.  So  far  as  we  observed,  the  distance  of  the  spring  may 
amount  to  about  two-thirds  of  the  length  of  the  snake.  Of  course  this 
method  of  biting  will  be  employed  only  under  favorable  circumstances. 

From  Sheep  Mountain  we  had  a  very  fine  view  of  the  surrounding 
country.  Prominent  in  the  landscape  are  the  bright  red  colors  exhib- 
ited by  the  Triassic  beds.  Whether  disturbed  from  their  original  place 
of  deposition  or  not,  they  readily  yield  to  erosive  influence^  and  then 
present  bold  escarpments,  more  or  less  ornamented  by  the  effects  of  de- 
composition and  disintegration.'  Having  ascended  Sheep  Mountain  on 
the  west  side,  we  commenced  the  descent  on  the  east.  Camp  had  been 
made  in  a  narrow  limestone  cafion  containing  Beaver  Creek.  Perpen- 
dicular walls  enclosed  the  small  stream^  which  not  far  off  loses  its  good, 
fresh  water  and  turns  extremely  alkaline.  Within  these  limestones  a 
number  of  springs  have  their  origin,  flowing  clear,  cold  water.  A 
short  distance  from  our  camp,  on  the  south  side  of  the  Beaver,  we  found 
a  very  interesting  occurrence.  This  consisted  in  hot  and  cold  sulphur 
springs.  From  a  distance  we  had  noticed  a  cave-like  depression  in  the 
limestones.  Upon  examination  this  proved  to  be  a  vertical  "drop"  of 
the  strata.  The  form  of  the  present  excavation  is  oval,  about  200  feet 
long,  150  feet  wide,  and  120  feet  deep.  Lower  down  on  the  hill,  toward 
the  creek,  we  found  the  hot  sulphur  spring.  A  decided  odor  of  sulphu- 
retted hydrogen  announced  its  existence.  The  spring  bubbles  up  in  a 
hole  capable  of  accommodating  two  men.  The  temperature  of  the  water 
is  06°  F.  About  250  yards  off  is  a  cold  sulphur  spring  of  similar  consti- 
tution. No  doubt  there  is  some  connection  between  these  springs  and 
the  "drop,"  a  point  that  will  be  more  fully  discussed  in  the  geological 
report. 

From  all  that  we  could  learn  before  entering  this  section  of  country, 
it  was  the  only  one  where  we  might  apprehend  any  danger  from  Indians. 
Small  parties  of  Sioux  usually  passed  through  it  every  summer,  stealing 
horses  and  occasionally  firing  upon  the  settlers.  Several  times  they  had 
ventured  within  half  a  dozen  miles  of  Miner's  Delight,  but  at  no  time 
had  their  gain  been  adequate  to  the  danger  to  which  their  predatory 
expeditions  exposed  them.  During  our  entire  trip  through  that  region, 
however,  we  never  saw  an  Indian. 

On  August  12  the  train  marched  down  Beaver  Creek,  while  we  exam- 
ined the  country  lying  toward  the  Sweetwater.  That  region  is  very 
much  broken,  well  watered,  and  contains  scattering  patches  of  timber. 
Game  seems  to  be  very  abundant.  We  saw  a  large  band  of  mountain 
sheep  and  a  great  many  antelope.  As  we  were  riding  northward  during 
the  afternoon  the  appearance  of  a  horse  attracted  our  attention.  Upon 
investigation  we  found  that  it  was  evidently  a  "stray,"  and  in  no  con- 
nection with  Indians. 

A  short  distance  east  of  Sheep  Mountain  the  Beaver  makes  a  sharp 
turn  to  the  northward,  retaining  that  course  until  it  enters  the  Little 
Wind  River.    Along  the  stream  we  found  a  good  Indian  traiL    Follow- 
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ing  this  we  emerged  from  the  region  of  hills  into  a  typical  "  Muff  coun- 
try." With  the  appearance  of  bluffs,  spruce,  pine,  and  quaking  asp 
ceased,  and  their  places  were  supplied  by  pifion,  cedar,  and  sage-brush. 
Riding  northward  on  the  trail,  we  took  a- look  at  the  surrounding  coun- 
try. Before  us  lay  an  unbroken  stretch  of  low,  narrow  bluffc,  the  near- 
est ones  resembling  "  hog-backs,"  but  the  more  distant  ones  showing 
horizontal  stratification.  South  and  east  of  us  was  the  curving  edge  of 
a  high  plateau  formed  by  the  strata  of  the  Sweetwater  Group.  Its 
sharply  cut  edges  were  clearly  defined,  and  isolated  points  of  considera- 
ble elevation  rendered  it  more  prominent  still.  Without  any  transition, 
the  plateau  was  abruptly  set  off  against  the  low  country  immediately 
adjoining  it.  Its  steep  slope  was  deeply  ftirrowed  by  erosion,  and  groves 
of  trees  filled  the  narrow  ravines.  We  were  well  satisfied  to  see  this,  as 
it  promised  us  a  sufficient  supply  of  water  and  grass. 

The  trail  on  which  we  were  riding  kept  along  the  creek  very  regu- 
larly, and  after  sundown  we  reached  camp,  which  was  made  near  it. 
Crossing  the  Beaver  on  the  next  day  we  roue  in  a  southeasterly  direc- 
tion across  the  bluffs  and  ascended  the  steep  face  of  the  plateau.  On 
our  way  we  started  a  number  of  deer  and  antelopes  from  their  cover  and 
found  a  very  fine  spring.  From  the  edge  of  the  plateau,  about  2,000  feet 
above  the  low  country  adjoining,  we  obtained  a  good  view.  To  the  north 
of  us  lay  the  Rattlesnake  Mountains,  and,  farther  on,  the  Bighorns. 
Southward  the  plateau  sloped  toward  the  Sweetwater  in  gently  inclining 
terraces.  Beyond  the  river  we  saw  the  Sweetwater  Hills,  which  shut 
out  all  view  of  the  lower  country.  East  of  us  the  sharp  points  of  granitic 
hills  north  of  the  Sweetwater  projected  above  the  level  of  the  plateau; 
A  number  of  stations  were  made  on  the  edge  of  the  plateau,  and  in  a 
heavy  rain-shower  we  rode  toward  the  Sweetwater,  where  our  camp  was 
located.  Very  good  grass  and  water  refreshed  our  animals  after  their 
several  long  rides. 

Avfjvftt  14  we  reached  the  Sweetwater  and  camped  about  18  miles  be- 
low Saint  Mary's  station.  At  this  point  all  timber  has  disappeared  from 
the  river  and  nothing  bnt  sage-brush  and  willows  remain.  During  the 
day  we  were  obliged  to  ride  in  a  broiling  sun  and  at  night  the  thermom- 
eter fell  nearly  to  the  freezing  point.  Here  John,  our  cook,  began  to  show 
symptoms  of  "  mountain  fever."  Although  he  had  been  accustomed  to 
this  sort  of  life  for  more  than  ten  years,  this  was  his  first  attack  of  the 
distressing  malady.  On  the  next  day  camp  remained  stationary  while 
we  rode  north  ward  to  make  our  first  station  on  the  granitic  hills.  After 
a  ride  of  about  8  miles  we  reached  the  first  one.  Having  completed  our 
work  there  we  separated,  one  party  going  to  the  edge  of  the  plateau  and 
the  other  to  a  high,  round  hill  to  the  northwest  This  latter  was  found 
to  be  composed  of  Carboniferous  limestones.  On  its  summit  were  seen  a 
number  of  Indian  "lookouts."  Sometimes  these  arc  carefully  built :  a 
circular  wall  or  one  of  horseshoe  shape  is  erected,  about  2  feet  high,  and 
behind  this  the  sentinel  lies  concealed.  Others  are  simply  excavations, 
long  and  sufficiently  deep  to  allow  a  man  to  remain  hidden.  In  tliis  in- 
stance, as  in  many  others,  the  protection  from  observation  consisted 
simply  in  piling  up  a  number  of  bowlders,  which,  even  in  the  case  of  an 
attack,  would  afford  some  shelter.  Numerous  chips  of  flint,  chalcedony, 
and  jasper,  besides  some  broken  arrow-heads,  showed  that  the  Indian 
stationed  at  this  point  had  utilized  his  time  by  manufacturing  his  offensive 
weapons  of  chase  and  warfare. 

August  10  we  broke  camp  and  continued  our  march  down  the  river. 
About  />  miles  below  camp  we  found  that  the  river  flowed  through  a  very 
pretty  little  canon.    A  rent  had  been  formed  in  some  red,  quartzitic  sand- 
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stones,  and  the  Sweetwater  passed  through  it  inclosed  on  either  side  by 
perpendicular  walls  120  feet  in  height.  Crossing  the  river  we  found  the 
old  emigrant  road  and  the  stumps  of  telegraph  poles,  which  latter  were 
destined  never  to  be  used.  Small,  dry  alkali  flats  indicated  the  presence 
of  lakes  during  certain  seasons  of  the  year.  While  riding  along  we  saw 
a  band  of  about  forty  elk.  They  started  from  the  willow-brush  on  the 
river  and  soon  disappeared  in  the  adjoining  granite  hills.  Recrossing 
the  Sweetwater  we  rode  over  to  some  of  the  granitic  hills.  Very  sparse 
timber,  consisting  of  pifion  and  cedar,  was  scattered  over  them.  Water 
appeared  to  be  scarce,  owing  to  the  loose,  permeable  character  of  the 
rocks  adjoining  the  granites.  Antelope  were  plentiful,  and  tracks  of 
deer  and  mountain  sheep  indicated  their  presence.  On  the  way  we  saw 
several  blue  herons  (Ardia  herodias),  a -very  graceful  bird.  They  were 
stalking  along  a  snudl  swampy  place,  searching  for  food.  About  4  miles 
below  our  camp  of  the  16th  the  wagon-road  returned  to  the  north  side 
of  the  river,  and  fresh  tracks  thereon  showed  the  proximity  of  white 
men. 

Proceeding  on  our  march  down  the  river  we  reached  the  well-known 
Three  Crossings  and  camped  there.  In  early  times  tins  was  a  very  im- 
portant station,  of  which  to-day  nothing  remains  but  the  crumbling  stone 
walls  of  an  old  house.  The  name  was  given  to  the  place  from  the  fact 
that  the  wagon-road  crossed  the  river  three  times  within  a  very  short 
distance.  Winding  its  serpentine  course  between  the  low,  granitic  hills, 
it  closely  hugs  first  one,  then  the  other  bank.  Emerging  from  this  nar- 
row place  we  see  before  us  a  wide,  meadow-like  fiat,  covered  with  excel- 
lent grass.  Bordered  on  the  north  side  by  the  river  and  the  granitic 
hills,  the  south  side  is  protected  by  the  bluffs  of  the  Sweetwater  Group. 
Sand,  blown  up  into  large  dunes  at  favorable  places,  shows  the  force  and 
persistency  of  the  wind  prevailing  there.  Much  has  been  said  about 
the  agricultural  prospects  of  this  region.  So  far  as  we  were  able  to 
judge  during  our  trip,  there  is  but  little  promise  of  their  being  realized. 
Within  the  time  that  we  camped  in  that  section  of  country  the  nights 
were  exceedingly  cold,  and  on  the  one  we  spent  at  the  Three  Crossings 
we  had  a  sharp  frost.  It  is  possible,  but  not  probable,  that  the  summer 
season  of  1877  was  on  exceptionally  cold  one.  In  this  way  we  might 
account  for  the  cold  nights  during  August.  Timber,  for  builAng,  and 
other  purposes,  could  be  obtained  from  the  neighboring  hills,  and  stones 
are  plentiful.  A  short  distance  from  the  river,  irrigation  would  have  to 
be  employed  in  case  agricultural  pursuits  were  followed.  Undoubtedly 
this  region  would  prove  to  be  a  good  grazing  country,  provided  no  raids 
from  Indians  were  to  be  feared.  Reports  with  regard  to  the  safety  of 
the  place  are  so  conflicting  that  but  little  can  be  decided  on  that  point. 
At  certain  seasons  some  of  the  hostile  Indians  travel  through  that  coun- 
try for  the  purposes  of  hunting,  and  it  is  possible  that  an  isolated  settle- 
ment might  be  attacked. 

For  a  number  of  miles,  both  above  and  below  the  Three  Crossings, 
old  graves  testify  to  the  former  hostility  of  Indians.  Situated  upon 
little  hills  and  bluffs  the  small  stone  mounds  produce  a  compassionate 
feeling.  Emigrants  leaving  more  densely  settled  portions  of  the  coun- 
try to  seek  a  happy  future  in  the  distant  West  were  here  laid  to  rest 
often  without  having  even  seen  the  "promised  land."  After  the  war 
had  closed,  the  Eleventh  Ohio  Regiment  of  volunteers  was  sent  into 
this  country  to  keep  the  Indians  in  check,  and  their  numerous  graves 
show  the  cost  at  which  the  red-skins  were  to  be  subdued. 

Opposite  the  Three  Crossings  is  a  low  pass  through  the  Sweetwater 
hills.    From  this  point  the  latter  present  a  very  pretty  scenic  effect. 
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Timbered  on  their  higher  portions,  they  rise  to  a  relative  elevation  of 
about  2,000  feet-.  Leading  down  toward  the  river  are  straight,  regular 
ridges  composed  of  the  white  rocks  constituting  the  Sweetwater  group. 

Breaking  camp  on  August  17,  we  crossed  the  river  and  traveled  in  a 
northwesterly  direction.  Soon  after  having  reached  the  other  bank  we 
found  ourselves  in  the  vicinity  of  Agate  Ijakes.  This  name  has  been 
given  to  several  alkaline  ponds  on  account  of  the  fine  moss-agates  there 
strewn  all  over  the  country.  From  the  size  of  a  pea  to  that  of  a  good- 
sized  apple  the  agates  are  scattered  over  the  ground.  They  are  water- 
worn  and  some  of  them  show  exceedingly  pretty  "moss."  Slowly  as- 
cending the  rising  plateau  we  passed  between  a  number  of  isolated 
granitic  hills,  until  finally  an  uninterrupted  stretch  of  gradually  rising 
slopes  presented  itself.  Finding  no  water  on  the  plateau  we  were  obliged 
to  continue  our  course  until  we  had  reached  its  northern  edge.  Then 
descending  the  steep  face,  we  encamped  for  the  last  time  on  Wind  River 
drainage. 

Owing  to  the  heat  of  the  day  and  the  fatigue  of  riding,  our  cook  had 
a  relapse  and  was  very  sick  for  two  days.  Subsequently  he  became 
better,  and  after  about  a  week  had  recovered.  For  two  days  we  made 
stations  along  the  edge  of  the  plateau,  looking  down  upon  country  that 
presented  the  typical  aspect  of  "bad  lands."  Game  was  abundant; 
antelope,  deer,  and  elk  fell  victims  to  our  bullets,  furnishing  a  good  sup- 
ply of  provisions.  One  day  we  killed  an  antelope  from  the  dinner-table, 
so  little  did  our  presence  interfere  with  their  movements. 

On  August  21  we  retraced  our  steps  toward  the  Sweetwater^  and  after 
a  short  march  camped  on  a  small  stream  at  the  base  of  one  ot  the  gran- 
itic hills.  The  next  day  we  traveled  in  a  southeasterly  direction,  and 
stopped  within  the  main  mass  of  granite  hills.  We  were  surprised  to 
note  their  character  upon  closer  inspection.  Almost  absolutely  bare  of 
vegetation,  they  presented  steep  smooth  slopes.  Often  it  was  impossible 
to  ascend  them  except  by  literally  crawling,  and  even  then  the  slippery 
surface  made  the  climb  difficult.  The  highest  mountain  or  hill  of  the 
group  has  been  named  Hayden's  Peak  in  former  years.  It  is  a  dome- 
shaped  mass  of  red  granite,  very  symmetrical,  with  perfectly  smooth 
sides.  Crossing  over  a  granitic  ridge,  where  our  mules  proved  them- 
selves txpert  in  the  art  of  sliding,  we  again  reached  the  Sweetwater 
Valley.  Dry  creek-beds,  densely  timbered  with  cottonwood  (Populus 
balsamifera),  quaking  asp,  and  willow,  promised  water  while  seen  from  a 
distance,  but  we  were  obliged  to  ride  to  the  river  before  we  could  obtain 
any.  Camp  was  located  directly  opposite  Whisky  Oap,  on  the  north  side 
of  the  Sweetwater,  from  which  place  we  obtained  a  good  view  of  the 
Seminole  hills.  Crossing  the  river  on  the  24th  of  August,  we  again 
reached  the  wagon-road  and  followed  it  for  some  distance.  On  our  way 
we  passed  Cloven  Peak,  so  named  because  its  highest  point  is  split,  caus- 
ing a  resemblance  to  the  cloven  hoof  of  a  quadruped.  Small  fragments 
of  granite  formed  below  isolated  hills  on  the  south  side  of  the  river,  but 
the  main  mass  remained  north  of  it.  Passing  a  number  of  graves  on  our 
way;  we  found  that  they  sheltered  emigrants  who  had  probably  fallen 
victims  to  the  arrows  and  bullets  of  Indians. 

Avgii8t  25  wo  rode  southward  to  explore  the  ridges  leading  from  the 
Seminole  mountains  to  the  river.  Antelope  were  very  numerous,  hav- 
ing congregated  in  bands.  Coyotes  followed  them  in  order  to  capture 
any  that  might  fall  sick  or  through  other  causes  become  an  easy  prey. 
Following  up  a  small  stream  we  came  upon  a  meadow  filled  with  ante- 
lope. Hay  had  been  cut  there  and  was  stacked.  The  sight  of  antelopes 
quietly  feeding  around  haystacks  appeared  to  us  as  very  incongruous.    A 
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few  wolves  lying  in  wait,  under  cover  of  a  ditch,  were  frightened  by  our 
approach^  and  the  bullets  we  sent  after  them  had  the  double  eftect  of 
accelerating  their  flight  and  clearing  the  valley  of  game.  Having  ex- 
amined the  ridges  in  question,  we  returned  toward  the  Sweetwater. 
Before  us  lay  that  narrow  chasm  in  the  granites  which  is  known  as  the 
"Devil's  Gate."  A  vertical  opening  appears  in  a  small  north  to  south 
ridge  of  red  granite.  Its  width  at  the  base  is  about  80  feet,  and  the 
height  of  the  walls  400  feet.  Through  this  fissure  the  river  has  found 
its  way,  rendering  it  impassable.  Telegraph-poles,  some  wire,  the 
ruins  of  a  few  old  houses,  and  the  wagon-road  rounding  the  granitic 
point,  speak  of  former  enterprise  in  this  region.  For  many  years  this 
"gap"  has  been  a  prominent  landmark,  and  travelers  associated  it  with 
the  not  far  distant  Bock  Independence.  In  the  earliest  times  of  over- 
land travel  this  latter  received  much  attention.  Its  comparatively  iso- 
lated position  and  its  location  at  the  beginning  of  a  pleasant  portion  of 
the  route  have  alike  rendered  it  conspicuous. '  During  the  times  of  Indian 
troubles  this  immediate  locality  was  considered  very  dangerous.  We 
found  our  camp  at  the  eastern  base  of  Independence  Bock.  This  monu- 
ment of  early  days  is  about  90  feet  high,  situated  directly  north  of  the  river 
near  west  longitude  107°.  Its  general  form  resembles  the  upper  half  of 
a  round  loaf  of  bread  more  than  anything  else,  and  the  level  accumula- 
tion of  sand  surrounding  it  renders  it  very  prominent.  For  years  it 
has  been  the  custom  of  travelers  to  inscribe  their  names  upon  this  rock, 
and  we  found  more  than  one  which  has  since  become  well  known  in  con- 
nection with  western  exploration.  The  oldest  date  we  found  was  1844. 
Fremont's  cross,  which  he  cut  into  the  rock,  we  did  not  see. 

During  the  evening  a  heqpd  of  cattle,  numbering  2,800,  slowly  ap- 
proached along  the  wagon-road,  sending  a  cloud  of  dust  high  up  into  the 
air.  It  was  en  route  for  Fort  Laramie,  and  the  drover  had  chosen  this 
short,  though  perhaps  more  dangerous,  trail.  Fourteen  men  accom- 
panied the  herd,  well  mounted  and  fully  armed.  As  we  sat  on  the  top 
of  Bock  Independence,  near  sunset,  and  watched  the  busy  movements  of 
the  immense  mass  of  cattle  directly  in  front  of  us,  the  sight  was  a  very 
fascinating  one.  Mounted  on  good  "  cow-horses  "  the  herders  proceeded 
to  "  round  up  n  the  stock,  preparatory  to  camping  for  the  night.  After 
this  process  had  been  completed,  it  was  astonishing  to  see  upon  how 
small  an  area  so  many  animals  could  be  crowded  together.  Camp  re- 
mained stationary  during  the  next  day,  while  we  made  some  explorations 
to  the  north  and  east.  Sharply-cut  bluffs  extend  northward  to  the  edge 
of  the  plateau,  from  where  a  good  view  was  obtained  of  the  country  be- 
yond. We  there  saw  the  region  which  still  belonged  to  the  district 
assigned  to  us  for  the  season's  work.  Lack  of  time  forced  us  to  abandon 
the  examination  of  about  1,000  square  miles.  Bock  Independence  is 
located  on  the  eastern  border  of  our  district,  and  when  we  left  it  we  had 
but  the  southeastern  portion  to  complete.  On  the  Sweetwater,  below 
the  rock,  we  found  the  ruins  of  houses,  one  of  which  had  evidently  been 
an  old  stage-station,  while  the  others  probably  sheltered  members  of  the 
Eleventh  Ohio  Volunteers.  Graves  close  by  contained  the  bodies  of 
some  of  the  latter,  and  by  their  mute  presence  told  a  tale  winch  is  but 
too  often  repeated  on  our  western  border.  An  old  bridge  across  the 
river  and  the  remains  of  General  Crook's  recent  camp  were  further  evi- 
dence of  the  presence  of  the  white  man.  Having  concluded  our  work  in 
that  section  of  country,  we  proceeded  to  march  to  Eawlings  Springs,  on 
the  Union  Pacific  Railroad,  where  we  were  to  find  our  last  month's 
provisions. 
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FROM  ROOK  INDEPENDENCE  TO  BAWLING  S  SPRINGS. 

Leaving  the  Sweetwater  we  commenced  our  journey  southward  on  Au- 
gust 27.  An  old  wagon-road  leads  tnrougii  a  pass  in  the  granite  hills,  and 
from  there  along  the  tertiary  ridges  toward  the  Seminole  Hills.  Cross- 
ing, on  this  road,  the  Sweetwater  Valley,  we  gradually  ascended  until  we 
readied  some  isolated  bluffs.  From  there  the  road  falls?  leading  into  a 
very  pretty  valley.  Sandy  Creek  flows  through  this,  furnishing  an  ample 
supply  of  water. 

Skeltered  on  all  sides  by  surrounding. hills  and  bluffs  this  valley  occu- 
pies a  highly  favored  position.  Several  cabins  have  been  built  and  a 
portion  of  the  land  is  under  cultivation.  The  settlers  there  state  that 
the  winters  are  very  mild,  and  that  the  summer  season  is  of  sufficient 
duration  to  ripfen  grain.  Very  fine  grass  is  found  in  the  lower  portions 
of  the  valley,  and  the  cattle  which  we  saw;  were  in  good  condition.  Ante- 
lopes are  abundant  and  ea*sily  shot  during  the  latter  part  of  summer. 
We  encamped  upon  the  west  bank  of  Sandy  Creek.  Wild  currants,  par- 
ticularly the  yellow  species  (Ribes  aurcum),  grew  in  great  abundance, 
and  were  Just  ripe  at  that  season.  The  distance  from  this  valley  to 
ltawlings  is  about  50  miles,  and  the  hay  here  gathered  is  taken  to  the 
railroad  for  sale. 

Travelling  up  Sandy  Creek  we  passed  an  old  stamp-mill.  A  number 
of  years  ago  some  excitement  was  created  by  the  reported  discovery  of 
rich  mines  in  the  Seminole  Hills.  This  mill  was  erected;  other  improve- 
ments were  made,  and  then  the  mines  failed  to  sustain  their  unwar- 
ranted reputation.  To-day  no  work  whatever  is  carried  on  there.  A 
short  distance  above  the  mill  the  creek  forks.  Our  road  followed  the 
southern  branch.  Before  long  the  ascent  began  to  grow  steeper,  and 
we  found  that  we  were  travelling  in  sand.  Looking  back  upon  the  hills, 
the  sand  was  found  to  reach  up  about  400  feet  along  their  slopes.  After 
crossing  the  pass  we  had  several  miles  of  sand-dunes  before  us.  Trav- 
elling constantly  toward  the  eastward,  they  permit  vegetation  to  gain  a 
hold  at  but  very  few  places.  In  the  depressions  running  east  and  west 
a  number  of  shallow  lakes  were  found,  containing  large  flocks  of  wild 
geese  and  "  black  divers,"  (Fulica  americtma).  Outside  of  the  dunes, 
bordering  upon  them,  were  meadows  containing  small  ponds.  A  largo 
supply  of  hay  is  here  obtained  for  the  trade.  This  accumulation  of  sand 
is  the  eastern  terminus  of  the  long  belt  first  observed  at  Mount  E&sex. 
Wherever  there  is  a  pass  in  the  hills  so  situated  as  to  afford  fVee  sweep 
to  the  wind,  there  we  find  the  sand  piled  up  in  the  greatest  masses.  In  its 
general  character  this  occurrence  is  analogous  to  that  of  the  sand-dunes  in 
San  Luis  Valley  in  Colorado.  There  the  scale  of  horizontal  distribution 
is  by  far  smaller,  however.  Within  the  area  covered  by  sand,  water  may 
be  found  south  of  Sandy  Creek  Pass,  but  beyond  that  it  is  very  rare. 
We  continued  our  inarch  along  the  wagon-road  for  the  distance  of  about 
25  miles  before  finding  any  water.  Then  we  readied  a  small  alkali  pond, 
enlivened  by  numerous  sand-pipers  (Tringa  up.).  Evidently  the  water 
wras  low,  a  £ict  that  was  indicated  by  its  extreme  alkalinity  and  the  large 
white  margin  surrounding  it.  Upon  evapor.it  ion  of  the  moist  lire  con- 
tained in  these  shallow  basins  a  portion  of  the  alkalias  are  precipitated 
aloug  their  edges,  forming  a  white  efflorescence.  During  a  bright  day 
the  brilliant  white  color  of  these  deposits,  which  often  cover  very  exten- 


once  more  had  recourse  to  sage-brush  as  material  for  fuel. 
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Following  the  road  during  the  next  day  we  found  it  to  turn  sharply 
toward  a  ridge  running  north  and  south.  Near  the  base  of  the  ridge,  on 
either  side  of  the  road,  were  two  alkali  lakes.  Passing  through  a  nar- 
row cafion,  however,  we  found  a  spring — Brown's  Spring — of  good  water, 
and  a  little  stream  issuing  from  it.  Here  we  camped.  To  the  eastward 
extended  the  broad  depression  through  which  we  had  passed,  bordered 
by  a  high,  regular  ridge,  composed  of  gray  shales  and  sandstones.  In 
the  distance  we  could  see  the  hills  south  of  the  railroad. 

On  August  30  we  proceeded  on  our  march  to  Eawlings  Springs. 
Ascending  the  ridge  at  the  base  of  which  we  had  been  camped,  we  fol- 
lowed along  its  crest  for  some  distance  and  finally  descended  into  a  broad 
valley.  Within  a  few  miles  of  Rawlings  we  passed  a  "  red  paint "  quarry. 
Local  accumulations  of  red  hematite,  within  certain  formations,  are  quar- 
ried oat  or  mined,  and  after  being  ground  furnish  a  brown  paint.  Reach- 
ing the  town  during  the  forenoon,  we  encamped  near  Cherokee  Springs, 
about  four  miles  northward.  An  ample  supply  of  mail  was  awaiting  us, 
and  we  found  our  provisions  in  good  order.  Bince  June  20  we  had  been 
absent  from  all  direct  railroad  communication.  Rough-looking  as  well 
as  sun-burnt,  we  presented  a  striking  contrast  to  the  men  who  wore  white 
collars  and  dean  cutis, 

FROM  RAWLINGS  SPRINGS  TO  WHISKEY  GAP. 

On  August  31  we  left  Rawlings  and  marched  westward  along  the  rail- 
road. No  water  being  obtainable  elsewhere,  we  camped  at  Separation 
Station,  where  our  wants  were  kindly  supplied  by  the  agent.  On  the 
way  we  visited  some  of  the  coal-mines  of  that  region,  and  saw  a  number 
of  untouched  outcrops.  Stations  were  made  on  some  of  the  prominent 
bluffs  north  of  the  railroad,  where  we  were  besieged  by  swarms  of  flying 
ants.  Usually  these  animals  do  not  bite,  but  in  these  instances  they 
were  not  so  generous.  Crawling  under  the  clothing  they  established 
themselves  comfortably  until  removed  by  force.  For  two  days  more  we- 
remained  on  the  line  of  the  road.  The  country  here  is  very  barren,  being 
covered  with  sage-brush  and  prickly  pears.  A  few  stunted  cedars  are* 
scattered  over  the  bluffs. 

Our  northward  march  toward  the  Sweetwater  Hills  was  commenced  on 
September  3.  Leaving  Creston  Station  early  in  the  morning,  we  rode- 
in  a  northwesterly  direction.  As  we  expected  to  find  a  very  dry  coun- 
try, we  had  provided  ourselves  with  several  water-casks.  During  the 
following  week  these  were  of  considerable  service.  It  was  our  intention 
to  make  a  march  of  about  fifteen  miles,  and  then  find  water  if  possible- 
Two  of  the  party  examined  the  country  on  either  side  of  the  route  fol- 
lowed by  the  pack-train,  but  not  even  a  moist  place  was  found.  Chang- 
ing our  direction  slightly  toward  the  west,  we  headed  for  some  high  bluffs.. 
After  having  ascended  these  we  found  that  we  were  near  our  trail  of 
J  une  21.  We  were  about  twenty-two  miles  distant  from  Trail  Lake,  and 
as  the  mides  showed  decided  signs  of  weariness  we  determined  to  make 
a  dry  camp  by  evening.  Water  contained  in  the  casks  was  of  good  ser- 
vice to  us,  although  the  animals  had  to  go  without.  Starting  early  the 
next  morning^  we  rode  northward,  expecting  to  find  some  of  the  lakes  men- 
tioned by  Fremont  as  existing  in  that  region.  While  the  train  followed 
along  a  canon  cut  into  the  sandstones  and  shales  we  kept  on  the  ridges,  in 
order  to  have  a  better  view  of  the  country.  Several  times  we  were  disap- 
pointed in  our  hope  of  finding  water  by  the  deceptive  effects  of  mirage. 
Upon  our  approach,  the  lakes  we  had  seen  from  a  distance  were  resolved 
into  dry  alkali-flats.    About  noon  we  saw  water  seven  or  eight  miles  dis- 
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tant,  and  changed  our  course  toward  it.  When  we  had  reached  the 
place  where  we  supposed  the  lake  to  be,  having  caught  but  a  single 
glimpse  of  it,  we  again  found  a  sterile  white  plain.  A  short  ride,  how- 
ever, brought  us  upon  a  small  rise  of  ground,  and  before  us  lay  a  large 
lake  with  innumerable  ducks  and  geese.  We  had  again  reached  the 
vicinity  of  the  "sand-belt."  Riding  through  sand  and  soil  where  the 
mules  sank  in  to  their  knees  at  every  step,  we  approached  the  edge  of 
the  water.  A  sudden  sinking  of  our  animals  from  under  us,  gave  timely 
warning;  we  had  reached  a  bed  of  quicksand.  Retreating  from  that 
spot,  we  tried  to  get  to  the  water  at  a  number  of  places  along  the  shore. 
Not  only  were  our  animals  unable  to  get  within  twenty  feet,  but  it  was  a 
disagreeable  undertaking  for  men  to  reach  the  edge.  Sinking  into  the 
sand;  sometimes  up  to  our  knees,  we  finally  succeeded  in  our  efforts  to 
obtain  water.  By  filling  our  hats  we  attempted  to  take  some  of  it  to 
the  mules,  but  the  wear  and  tear  of  three  months  had  somewhat  injured 
these  useful  covers,  and  the  water  ran  out  as  fast  as  it  was  dipped  in. 
On  the  blufis  close  by  were  a  number  of  antelopes,  gazing  wistfully  down 
at  the  water.  From  tracks  they  had  made  but  a  short  time  before  we  found 
that  they  too  had  approached  the  water's  edge  within  twelve  or  fifteen  feet 
at  a  number  of  places,  but  were  forced  to  abandon  the  attempt  of  reaching 
it  on  account  of  the  quicksands.  Notliing  remained  for  us  but  to  do  the 
same;  we  could  not  get  our  mules  near  enough  to  let  them  drink.  Hav- 
ing remounted  we  proposed  to  try  the  other  shore.  While  riding  over  to 
it  we  saw  camp  a  short  distance  oft",  at  another  smaller  lake.  Although 
this  one  was  not  very  accessible  either,  the  animals  obtained  water  from 
a  small  pond  close  by,  after  having  been  for  thirty-six  hours  without  it. 

Immediately  north  of  this  lake  we  found  a  very  interesting  occurrence. 
A  large  number  of  mud-springs,  several  hundreds  of  them,  occupied  the 
slightly  rising  ground.  Mounds  shaped  like  beehives,  from  2  to  15  feet 
in  height,  covered  an  area  about  a  mile  long  and  half  a  mile  wide.  At 
the  tops  of  most  of  these  mounds  we  observed  circular  openings  filled 
■with  ice-cold  water.  Tliis  water  held  a  large  amount  of  mud  in  suspen- 
sion, so  that  it  attained  the  consistency  of  thin  chocolate.  It  was  not 
entirely  safe  to  walk  or  ride  over  this  ground,  as  many  of  the  mud- 
springs  were  hidden  by  a  superficial  level  layer  of  sandy  mud.  One  of 
our  party  discovered  this  fact  to  the  distress  of  his  mule  and  himself. 
In  the  geological  report  a  more  complete  discussion  of  the  mud-springs 
will  be  found.  Scattered  in  profusion  over  the  ground  wrere  the  bleach- 
ing bones  of  various  animals.  Buffalo,  elk,  deer,  antelope,  coyotes,  and 
•even  smaller  animals  had  fallen  victims  to  the  treacherous  soil  upon 
which  they  trod.  We  had  no  sufficiently  reliable  means  of  determining 
the  depths  of  the  cylindrical  tubes  containing  the  columns  of  mud-water, 
but  from  some  trials  we  made  we  found  them  to  extend  downward  for 
more  than  10  feet  in  a  number  of  instances.  The  temptation  to  obtain 
water  in  so  dry  a  section  of  country  must  necessarily  lead  many  animals 
to  this  region.  Not  knowing  or  appreciating  the  dangerous  character  of 
the  soil  upon  which  they  step,  many  of  them  are  engulfed,  and  their 
bones  are  eventually  brought  forth  to  the  surface  either  by  erosion  or 
by  the  action  of  the  water  constituting  the  springs.  Altogether  the  local- 
ity makes  the  impression  of  a  huge  graveyard,  in  which  the  mounds  are 
monuments  erected  to  the  innocent  creatures  that  here  have  found  an 
untimely  end. 

From  the  evidences  we  observed  in  the  vicinity  of  these  lakes  we  con- 
cluded that  they  must  have  been  largely  frequented  by  Indians  in  former 
tunes.  Behind  small  hills  of  sand  and  at  other  sheltered  places  were 
innumerable  chips  of  flint,  chalcedony,  and  some  obsidian,  which  were 
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produced  in  the  process  of  manufacturing  arrow  and  spear  heads.  Small 
tablets  of  sandstone,  which  must  have  been  brought  from  a  considerable 
distance,  and  pieces  Of  buffalo  or  elk  bone  were  used  by  them  in  their 
work.  Many  points  were  found,  but  mostly  broken  ones.  While  watch- 
ing for  the  game,  the  hunters  could  here  make  the  weapons  wherewith 
to  kill  it*  From  the  size  of  the  majority  of  arrow-heads  it  may  be  in- 
ferred that  they  were  used  in  shooting  the  various  kinds  of  wild  fowl 
which  occur  at  these  lakes.  The  proximity  of  the  ambushes  to  the  shores 
speaks  for  the  same  assumption.  Having  examined  the  mud-springs 
And  their  surroundings  during  the  day  on  which  camp  remained  station- 
ary at  the  lake,  we  proceeded  to  resume  our  march  toward  the  Sweet- 
water Hills. 

On  September  0  we  started  across  the  country,  heading  for  the  lowest 
depression  in  the  range  of  hills  before  us.  A  long  ride  through  sage- 
brush, over  a  sterile  country,  brought  us  to  this  pass.  1  am  aware  of  no 
name  that  has  been  applied  to  it,  therefore  shall,  provisionally,  call  it 
"Elkhorn  Gap."  Both  from  the  west  and  from  the  east  the  long 
series  of  hills  come  to  an  abrupt  termination.  In  the  centre  of  the  de- 
pression thus  produced  there  stands  an  isolated  bluff,  having  essentially 
the  form  of  a  truncated  cone.  Upon  reaching  the  eastern  base  of  the 
hills,  after  a  monotonous  march  of  nearly  30  miles,  we  found  a  small 
stream  of  water  and  encamped.  Willow-brush  and  some  scattering 
trees  afforded  us  protection  from  the  autumn  winds  that  were  now  be- 
ginning to  set  in. 

September  7,  camp  was  moved  down  the  creek  about  six  miles, 
while  we  rode  up  on  the  hills  west  of  the  gap.  Ascending  alon/r  the 
crest  of  a  winding  ridge,  we  finally  reached  the  summit.  This  was  found 
to  be  covered  with  scattering  timber,  and  was  nearly  flat.  During  the 
day  we  had  constantly  met  with  large  bands  of  antelope,  and  here  en- 
countered both  deer  and  elk.  Having  been  hunted  recently,  these  latter 
were  shy  and  soon  disappeared  in  the  timber.  From  the  summit  we 
had  a  comprehensive  view.  We  saw  that  the  range  of  hills  runs  ap- 
proximately parallel  with  the  river,  and  is  a  very  simple  one  in  its 
Ktructure.  On  the  river  side  opposite,  the  granite  hills  presented  a  very 
characteristic  appearance,  showing  their  bare  forms  with  but  a  trace  of 
vegetation.  For  some  distance  westward,  the  Sweetwater  Hills  remain 
timbered,  until  they  degenerate  into  mere  bluffs.  Pine  and  spruce  on  the 
top  and  quaking  asp  in  the  narrow  gulches  leading  downward  com- 
prise the  large  mass  of  the  trees.  Some  very  picturesque  little  canons 
are  cut  into  these  liills,  and  they  abound  in  game. 

At  the  immediate  base  of  the  hill  wliich  we  were  occupying  we  per- 
ceived several  tents  and  a  herd  of  horses.  Hiding  down  to  investigate, 
we  found  encamped  there  a  party  of  English  gentlemen,  who  were  on  a 
hunting  expedition.  They  had  met  with  fair  success  thus  far,  and  told 
ns  of  a  band  of  buffalo  which  was  gradually  approaching  the  hills  from 
the  north.  Camp  was  moved  about  twenty  miles  westward  on  the  day 
following,  and  we  accompanied  the  English  hunters  in  their  search  for 
the  buffalo.  We  rode  over  the  summit  of  the  entire  hill  without  finding 
them,  after  which  our  companions  returned  to  their  camp.  We  continued 
toward  ours,  and  found  two  old  buffalo  bulls  on  the  way,  which  were 
captured  after  a  most  exciting  chase.  It  is  surprising  for  how  many  bul- 
lets a  buffalo  can  form  the  receptacle  without  dropping.  Reaching  camp 
near  sundown,  we  found  it  located  on  a  small  alkaline  stream,  on  the 
south  side  of  the  hills. 

Having?  now  arrived  at  a  point  from  where  our  present  work  could  be  con- 
nected with  that  finished  in  the  beginning  of  July,  we  crossed  the  Sweet- 
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water  range  on  September  9,  encamping  on  a  very  pretty  little  stream 
within  Carboniferous  limestones.  During  the  day  we  rode  westward 
along  the  summit  of  the  ridge.  From  there  we  obtained  our  last  good 
view  up  the  Sweetwater  Valley.  While  on  the  highest  points,  a  stiff 
wind  proved  to  be  very  troublesome  to  our  work.  The  days  were  grad- 
ually getting  colder;  and  the  addition  of  these  gales  was  not  an  accept- 
able one.  Descending  from  the  hills,  we  examined  the  bluffs  and  ridges 
leading  northward,  thus  completing  the  most  westerly  portion  of  the 
work  still  remaining. 

On  September  10  we  turned  our  mules'  heads  eastward.  The  geology 
of  the  region  through  which  we  were  passing  at  the  time  required  close 
attention,  and  the  marches  of  the  train  were  comparatively  short  Bid- 
ing along  the  northern  base  of  the  hills,  on  the  day  following  we  reached 
Elkhorn  Gap  and  encamped  there.  Up  to  this  time  we  had  been 
favored  with  exceptionally  good  weather,  but  now  it  began  to  look  threat- 
ening. About  twelve  o'clock  at  night  a  severe  rain-storm  set  in,  lasting 
only  a  few  hours,  but  moistening  us  most  uncomfortably.  On  the  morn- 
ing of  the  12th  we  continued  our  march  eastward,  still  remaining  on  the 
north  side  of  the  hills.  We  made  a  number  of  stations  on  sedimentary 
hills  until  a  violent  rain-storm,  followed  by  hail,  forced  us  to  abandon  the 
liigh  points.  While  seeking  shelter  from  the  hail,  we  found  a  cave  in  some 
limestone  strata  and  utilized  it  to  good  advantage.  ^Nevertheless  we 
were  wet  and  cold.  Despairing  of  being  able  to  wait  sufficiently"  long 
until  the  steady  rain  which  was  then  falling  should  have  ceased,  we  rode 
on  looking  for  the  trail  of  the  pack-train.  Although  it  was  nearly  oblit- 
erated by  the  heavy  shower,  we  succeeded  in  finding  it.  Trusting  more 
to  our  mules'  unerring  instinct  than  to  our  own  judgment,  we  dropped 
the  reins  and  allowed  them  to  proceed.  Travelling  along  the  slope  of 
the  range,  we  crossed  a  number  of  small  streams  well  timbered  with  Cot- 
tonwood. On  one  of  them  glacial  moraines  extended  down  far  into  the 
valley.  In  this  vicinity  the  hills  were  far  more  rugged  than  we  had 
found  them  elsewhere.  Stratigraphical  disturbances  were  denoted  by 
the  character  of  the  region.  As  we  were  slowly  making  our  way  up  a 
steep,  slippery  hill  along  an  old  game-trail,  heavy  banks  of  fog  were 
rolling  up  from  the  valleys  and  canons  below.  Although  these  fogs  are 
generally  not  of  very  long  duration,  we  were  anxious  to  obtain  a  view  of 
the  country  beyond  the  ridge  before  descending.  Urging  our  mules  on 
we  lost  the  trail,  and  arrived  on  top  only  to  find  everything  an  absolute 
light-gray  blank.  It  was  impossible  to  distinguish  even  a  horseman  for 
a  greater  distance  than  fifteen  feet.  While  waiting  for  a  partial  clearing 
l>ei'ore  proceeding  any  farther,  a  sudden  momentary  break  in  the  impen- 
etrable fog-bank  before  us  revealed  camp  within  two  hundred  yards. 
Directly  the  gap  closed  again,  but  it  required  only  a  few  minutes  for  us 
to  reach  our  tents.  One  of  the  most  beautiful  sights  that  can  be  found 
in  the  mountains  is  the  rapid  rising  of  dense  white  clouds  in  canons. 
Rolling  up  the  slope  of  the  valley,  creeping  along  the  walls,  and  finally 
emerging  from  their  confinement,  the  elastic  masses  gradually  approach 
the  observer,  until  all  of  the  earth  is  shut  out  from  his  sight  excepting 
the  little  spot  upon  which  he  stands. 

It  was  necessary  to  return  to  some  points  during  the  next  day  which 
the  storm  had  prevented  us  from  visiting.  Ascending  the  ridge  from 
camp,  we  found  the  sources  of  the  glaciers  high  up  in  the  hills.  Cross- 
ing one  ridge  after  the  other,  while  riding  alternately  through  very  fine 
timber  or  meadows,  we  finally  turned  southward  and  reached  the  summit 
of  the  hills.  On  the  way,  we  heard  elk  "squealing"  in  various  direc- 
tions.   Obtaining  a  good  view  into  the  low  country  southward,  we  rode 
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along  the  crest  of  the  ridge,  "jumping v  elk,  deer,  and  antelope  every 
few  minutes.  The  entire  hill  appeared  to  be  alive  with  game.  In  the 
distance  we  saw  a  large  green  tract  covered  with  a  great  number  of  dark 
spots.  With  the  aid  our  field-glasses,  we  found  these  latter  to  be  elk. 
Having  ridden  on  for  about  5  miles  in  the  timber,  we  found  ourselves 
literally  surrounded  by  these  animals.  On  every  side  they  crashed 
through  the  bushes,  presenting  a  noble  sight.  As  we  emerged  from  the 
forest,  near  the  western  end  of  the  hills,  we  saw  a  large  band  of  them 
slowly  filing  across  it.  Our  mules  had  become  very  nervous  by  this 
time,  the  presence  of  so  many  animals  seeming  to  disturb  them  greatly. 
We  watched  the  solemn  procession,  without  being  seen,  from  behind 
6ome  bushes.  Just  as  we  turned  to  leave,  another  band  came  up,  fol- 
lowing in  the  trail  of  the  first.  This  one  was  larger.  Bucks,  cows,  and 
calves  all  marched  in  a  long  line,  the  first-named  uttering  their  melodious 
but  piercing  "squeal."  With  the  heads  thrown  forward,  the  bonis  far 
back,  and  the  perfect  wilderness  of  prongs,  where  half  a  dozen  or  inorc 
animals  were  near  together  they  presented  a  sight  never  to  be  forgotten. 
As  we  wanted  some  meat,  we  shot  a  young  cow.  She  dropped,  but  was 
evidently  not  hurt  very  much,  as  several  bucks  urged  her  to  get  up,  by 
using  their  horns,  and  she  complied  with  their  wishes.  One  old  elk  was 
the  object  of  our  ambition ;  his  height  reached  about  a  foot  above  any 
of  the  others,  and  his  horns,  thrown  back,  extended  nearly  to  his  tail. 
Irregular  prongs  produced  an  effect  resembling  the  horns  of  a  moose. 
A  shot  in  the  neck  dropped  him,  but  he  recovered  before  we  could  reach 
him,  and  disappeared  in  the  timber.  As  the  afternoon  was  advancing, 
we  could  only  make  a  short  search,  and  reluctantly  abandoned  the  place, 
leaving  him  to  his  fate.  A  moderate  estimate  of  the  number  of  elk  in 
the  second  band  would  place  it  at  over  four  hundred. 

Descending  from  the  summit  of  the  ridge,  we  returned  to  the  camp 
which  we  had  left  in  the  morning,  and  from  there  followed  the  trail  of 
the  pack-train.  Taking  advantage  of  short  game-trails  we  passed  over 
the  ground  rapidly.  A  number  of  streams,  which  contain  water  at  this 
elevation,  were  crossed,  and  were  recognized  as  the  continuations  of  dry 
"  washes"  in  the  valleys  northward.  Quaking  asp,  cotton  wood,  willows, 
and  some  pine  were  found  on  them.  Toward  evening  we  reached  a 
very  pretty  little  valley  where  we  found  a  log  cabin,  and  some  men  en- 
gaged in  hay-making.  They  had  seen  our  pack -train  during  the  morn- 
ing, and  by  pointing  out  to  us  the  place  where  it  had  crossed  the  west 
ridge,  enabled  us  to  make  a  short  "  cut-oft'."  Before  long  it  grew  dark, 
but  the  mules  kept  the  trail.  Alter  having  ascended  a  high  ridge,  trust- 
ing entirely  to  our  animals,  as  we  could  not  see  enough  to  guide  them, 
we  discerned  a  light  of  apparently  the  size  bf  a  caudle.  Keeping  the 
direction,  which  we  fixed  by  the  position  of  a  few  stars,  we  rode  on  for 
several  hours  longer,  and  finally,  at  eleven  o'clock  in  the  evening,  reached 
our  camp,  on  the  east  side  of  Whisky  Gap,  after  a  day's  ride  of  45  miles. 

During  the  following  day  camp  remained  stationary  in  this  famous 
pass.  In  the  morning  the  wind  was  so  violent  that  it  seemed  doubtful 
whether  we  could  make  any  successful  stations.  While  one  party 
ascended  the  hill  to  the  east  of  the  gap,  we  rode  on  that  to  the  west. 
Whisky  Gup  forms  the  boundary  between  the  Sweetwater  Hills  and 
those  farther  east  the  Seminole  Bange.  Geologically  and  structur- 
ally the  two  belong  to  one  system,  but  the  mind  of  the  early  settler  has 
seen  fit  to  separate  them.  About  12  miles  west  of  the  gap  the  wagon- 
road,  following  along  Sweetwater  Eiver,  forks,  and  the  one  branch  leads 
through  the  pasa^  on  the  east  side  of  Muddy  Creek.  From  the  gap  it  runs 
in  a  southerly  direction,  passing  Bell's  Springs,  and  eventually  reaches 
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Eawlings  Springs.  This  road  is  considered  a  better  one  than  that  through 
Sandy  Creek  Pass,  as  it  avoids  much  of  the  heavy  soil  which  must  there 
be  traversed.  On  the  east  side  of  the  gap  the  Seminole  Mountains  pre- 
sent a  very  rugged  and  .torn  appearance.  Bare  rocks,  standing  perpen- 
dicular, project  beyond  the  timber,  and  render  travel  there  very  difficult 
They  owe  their  position  and  prominence  to  violent  stratigraplrical  dis- 
turbances. On  account  of  the  wind,  which  was  blowing  a  perfect  gale, 
it  was  almost  impossible  to  ride  along  the  summit  of  the  ridge,  and  we 
were  obliged  to  seek  shelter  in  the  forest.  After  obtaining  the  informa- 
tion we  had  sought,  we  returned  to  camp  in  the  evening. 

FROM  WHISKY    GAP  TO  RAWLINGS  AXD  FORT  STEELE. 

September  15  we  left  Whisky  Gap.  The  wind  was  blowing  more 
furiously  than  even  the  day  before.  Riding  northward,  we  ascended  a 
narrow  ridge,  but  were  unable  to  maintain  our  footing  and  had  to  go 
down  on  the  other  side.  Selecting  another  which  appeared  to  lie  a  little 
out  of  the  direct  course  of  the  wind  we  reached  its  summit  without  much 
difficulty.  Descending  a  little  to  leeward,  we  rode  in  shelter  towards  its 
highest  point.  Ilaving  dismounted  we  found  it  impossible  to  stand 
there,  and  were  obliged  to  take  our  notes  lying  down  flat.  The  Seminole 
Hills  present  a  very  pretty  appearance  from  this  side,  if  seen  from  an 
elevated  point.  Successive  strata  of  varying  color  show  nearly  vertical 
faces,  arranged  like  terraces,  one  above  the  other.  White,  light  yellow, 
and  reddish  colors  predominate,  and  are  set  off  to  advantage  by  the 
dark  green  of  the  timber.  Game  appeal's  to  be  abundant  here,  although 
the  country  is  more  difficult  to  travel  over  than  the  hills  farther  west. 
We  were  anxious  to  find  a  locality  where  Dr.  Hayden  in  1870  liad 
collected  a  number  of  highly  interesting  fossils.  For  the  purpose  of 
findiug  this  place  we  descended  from  the  ridge  and  reached  the  wagon- 
road  leading  westward  to  the  Sweetwater.  A  sharp  ride  against  the 
strong  head  wind  brought  us  rapidly  nearer  the  river.  Searching  for 
hlufis  which  might  answer  the  description  given,  we  finally  found  the 
place,  not  far  from  Cloven  Peak.  Regaining  the  wagon-road  we  hurried 
back  toward  camp.  Where  the  road  makes  a  turn  to  enter  the  gap  we 
found  a  party  of  English  sportsmen  encamped.  Ilere  we  heard,  for  the 
iirst  time,  the  news  that  one  Of  our  exploring  parties  had  been  obliged  to 
leave  tin*  field  earlier  than  they  had  intended  on  account  of  the  troubles 
with  Chief  Joseph.  They  had,  but  a  short  time  be-fore,  passed  through 
Whisky  Gap  on  their  way  to  Ilawlings  Springs.  Our  camp  was  to  be 
located  on  one  of  the  small  streams  flowing  northward  from  the  Seminole 
Mountains,  and  we  accordingly  headed  our  mides  eastward.  Crossing 
ridges  and  narrow  gulches,  both  trending  north  and  south,  we  met  with 
largo  quantities  of  game,  mostly  antelope.  At  tliis  season  of  the  year 
they  congregate  in  bands  of  considerable  numbers,  and  are  less  shy  than 
curlier  in  the  summer.  A  thin  wreath  of  smoke  curling  up  out  of  a 
narrow  valley  to  the  right  of  us  revealed  the  presence  of  camp,  and  just 
as  the  sun  sank  below  the  horizon  we  reached  it,  tired  from  our  ride  of 
40  miles  in  a  heavy  wind-storm.  It  was  decided  that  Clymer  and  I 
should  leave  the  party  on  the  17th  and  proceed  to  Ilawlings,  from  there 
to  go  farther  west  by  rail,  while  the  mam  portion  of  our  small  personnel 
would  remain  in  the  field  a  few  days  longer. 

On  the  day  following  wo  marched  eastward  along  the  northern  slope 
of  the  Seminole  Mountains,  continuing  in  the  course  of  the  day  before. 
Wc  passed  a  number  of  small  streams  containing  beaver-dams  of  consid- 
erable size.    Near  the  mountains  these  animals  appear  to  occur  in  large 
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numbers.  Their  characteristic  ^  cuttings n  were  fresh,  and  from  the  num- 
ber of  small  trees  that  had  been  cut  down,  we  judged  that  a  large  number 
of  beavers  must  have  been  at  work.  To  one  who  has  never  seen  the  amoun  t 
of  work  that  can  be  accomplished  by  these  industrious  animals,  their 
efficiency  must  seem  almost  incredible.  Trees  more  than  a  foot  in  thick- 
ness are  felled  by  them,  are  cut  into  lengths,  and  utilized  for  the  purposes 
for  which  they  intend  them.  Willows  and  quaking  asp  often  appear  as 
if  they  had  been  mowed  down,  so  evenly  are  they  cut.  The  material 
obtained  from  these  two  the  beaver  stows  away  as  provisions  for  the 
winter.  Frequently,  pieces  that  they  have  cut  into  lengths  to  suit  them- 
selves can  be  seen  floating  down  stream,  until  they  either  become 
water-logged  and  sink,  or  are  caught  by  a  dam.  The  construction  and 
form  of  these  dams  is  such  as  to  resist  most  effectually  the  currents 
which  may  threaten  to  destroy  them,  and  they  are  thoroughly  well 
adapted  to  the  character  of  the  banks  between  which  they  extend. 

I>uring  the  continuation  of  our  march  we  passed  the  abandoned  mines 
which  have  been  mentioned  in  previous  pages.  So  far  as  we  could  deter- 
mine, but  little  work  had  been  done  on  them,  and  our  observations  con- 
firmed the  reports  with  regard  thereto.  It  is  stated  that  rich  ore  was 
found  at  first,  but  upon  further  prosecution  of  the  mining  operations,  it 
was  soon  demonstrated  that  this  had  been  contained  in  a  small  "  pocket " 
only,  and  that  a  continuation  of  the  enterprise  would  not  be  remunera- 
tive. In  the  course  of  the  afternoon  we  reached  the  old  stamp-mill,  and 
encamped  on  Sandy  Creek,  a  short  distance  above  it.  Our  baggage  and 
specimens  were  separated  from  such  articles  as  we  desired  to  cany  with 
us  on  the  following  day,  and  packed  up.  We  had  a  long  ride  before  us, 
considering  that  our  mules  had  been  in  constant  use  for  three  and  a  half 
months,  and  were  glad  that  we  could  give  them  good  grass  and  water 
for  several  hours  before  night-fall.  Letters  were  written,  to  be  mailed  at 
Rawlings,  and  two  of  the  party,  for  the  last  time  during  the  season  of 
187  7,  rolled  themselves  in  their  blankets  under  the  protection  of  a  brightly- 
starlit  sky. 

On  September  17  we  rode  from  Sandy  Creek  Pass  to  Rawlings  Springs, 
where  we  arrived  during  the  afternoon.  We  followed  the  same  route 
that  we  had  taken  on  August  29  and  30.  Passing  one  of  the  small  lakes 
near  the  sand  dunes,  we  came  upon  a  band  of  elk,  and  made  our  last  shots 
of  the  season.  Lloyd  had  accompanied  us  to  return  to  camp  with  the 
mail.  During  the  day  the  pack-train  moved  westward,  along  the  west- 
ern base  of  the  Seminole  Hills,  and  camped  on  Muddy  Creek.  Leaving 
with  the  night  train,  1  proceeded  to  Evanston,  Wyo.  On  the  18th  Lloyd 
returned  to  camp,  and  the  party  slowly  completed  its  march  to  Rawlings 
and  from  there  to  Fort  Steele.  Having  finished  the  summer's  work,  its 
members  started  for  Cheyenne  September  23,  and  left  the  day  after  for 
the  East. 

At  Evanston  I  had  occasion  to  examine  the  coal-mines  of  that  place 
and  vicinity.  Coal  is  extensively  mined  there,  and  as  its  quality  is  good, 
this  industry  is  in  a  comparatively  flourishing  condition.  On  the  2Gth 
Wilson  reached  Evanston,  and  on  the  day  following  we  made  the  last 
station  of  the  primary  triangulation  together  on  Medicine  Butte.  Hav- 
ing completed  my  work,  on  the  29th  I  left  for  Cheyenne,  and  October 
1  started  eastward. 

We  had,  during  the  summer,  finished  the  survey  of  nearly  the  entire* 
district  that  had  been  assigned  to  us,  11,300  square  miles,  and  had  alt 
escaped  without  any  apparent  injury.  Our  arrangements  as  to  the  re- 
ception of  provisions  and  mail  had  been  successful,  and  we  were  enabled 
to  keep  our  mules  in  good  travelling  condition,  due,  in  a  great  measure,, 
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to  the  courtesies  extended  to  us  at  the  posts.  Much  of  the  country  over 
which  we  had  passed  is  exceedingly  sterile  and  difficult  to  survey  with 
any  sort  of  comfort,  but  again  we  found  regions  more  delightful  than 
which  there  are  probably  few  in  existence  within  the  Rocky  Mountains. 
All  danger  from  Indians,  of  which  there  was  some  prospect  at  the  outset, 
had  been  escaped,  and  with  the  exception  of  the  attacks  of  mountain 
fever  we  had  been  troubled  with  no  serious  sickness.  Returning  to  the 
East,  Mr.  Chittenden  had  the  misfortune  to  be  taken  sick,  and  has  been 
confined  to  his  bed  for  nearly  the  entire  winter.  Upon  his  recovery, 
which  now  seems  assured,  he  will  prepare  maps  of  the  regions  we  have 
travelled  over,  and  with  them  as  a  guide  the  subjoined  geological  report 
will  become  more  intelligible  than  it  can  be  at  present. 


CHAPTER  L 


DfTEODUCTIOK 

Even  before  the  discovery  of  gold  in  California  attracted  large  masses 
of  emigrants  to  the  Pacific  coast,  the  highly  colored  reports  coming  from 
that  region  made  felt  the  necessity  of  an  overland  route.    At  the  time 
when  Fr&nont  made  his  first  expedition  to  the  Wind  Elvers,  in  1842,  all 
the  country  lying  beyond  the  Missouri  was  almost  absolutely  a  terra 
incognita*    Venturesome  men,  often  with  their  families,  had  a  number  of 
years  previous  to  that  time  gradually  pushed  westward,  and  a  route 
had  been  established  by  which  to  reach  the  land  of  promise.    Taking 
advantage  of  both  northern  and  southern  passes  across  the  continent's 
"backbone,"  and  utilizing  the  shrewd  ingenuity  with  which  Indians  had 
engineered  their  trails,  two  roads  soon  became  tolerably  well  known.  Of 
these,  the  southern  one,  "Cherokee  trail,"  approximately  follows  the 
forty-first  parallel,  while  the  northern  one,  called  the  "Oregon  trail," 
follows  up  the  Sweetwater  and  crosses  the  continental  divide  by  way  of 
South  Pass.     Both  of  these  roads  were  used  extensively  before  the 
transcontinental  railroad  monopolized  the  larger  portion  of  the  carriage. 
It  was  the  object  of  Fremont's  expeditions,  carried  out  from  1842  to 
1844,  to  make  a  survey  which  would  connect  the  Pacific  coast  with  the 
Missouri  River.    His  energy  and  perseverance  enabled  him  to  bring  this 
undertaking  to  a  successful  conclusion.    From  Fort  Laramie  he  travelled 
by  the  Oregon  trail,  and  to  his  descriptions  we  owe  the  first  reliable 
knowledge  with  reference  to  that  region  which  was  assigned  to  us  for 
exploration  during  1877.    Since  the  time  when  Fremont  passed  along 
the  emigrant  road  up  the  Sweetwater  River,  that  section  of  country  has 
been  the  object  of  much  further  exploration.    During  the  prosecution  of 
the  Pacific  Railroad  surveys  it  was  reached,  and  some  portions  of  it  ex- 
amined.   In  1870,  while  exploring  a  large  portion  of  Wyoming  Territory, 
Dr.Hayden  travelled  over  the  same  ground.    Later — in  1873— the  expe- 
dition in  command  of  Captain  Jones  again  covered  some  of  the  same 
ground.    Upon  maps,  prepared  for  the  uses  of  the  War  Department  and 
the  General  Land  Office,  we  find  recorded  such  information  as  had  been 
derived  from  the  older  reports  and  from  a  number  of  smaller  military 
reconnaissances.    During  our  work  in  that  country  the  survey  was  made 
continuous,  and  while  heretofore  the  information  furnished  has  been 
fragmentary^  it  is  now,  topographically,  complete. 

Indians,  since  the  earliest  times,  had  been  more  or  less  troublesome, 
and  nntil  the  latest  subjugation  of  the  Sioux,  travel  in  some  portions  of 
that  region  was  generally  considered  as  attended  with  some  personal 
risk,  llie  northwestern  portion  of  our  district  and  the  Medicine  Bow 
Mountains,  not  far  distant,  are  well  known  as  favorable  for  the  hunter. 
Annually  several  bands  of  Indians,  belonging  to  different  nations,  were 
in  the  habit  of  visiting  them  for  the  purpose  of  obtaining  meat  and  skins. 
This  practice  has  been  regularly  kept  up  until  within  a  few  years,  but 
now  their  appearance  at  these  places  cannot  be  relied  upon. 

Within  the  district  we  found  varied  features  of  great  interest.    Mount- 
ains of  grand  structure,  plains  equally  typical,  and  localities  well  adapted 
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to  the  uses  of  white  men  were  contained  within  its  limits.  Lakes,  rivers, 
and  streams  were  seen  there,  the  latter  two  only  for  portions  of  their 
courses,  with  the  exception  of  the  Sweetwater,  which  was  surveyed 
throughout  very  nearly  its  entire  course.  Few  incidents,  perhaps,  are 
so  gratifying  to  the  explorer  as  to  follow  a  river  from  ite  first  sources 
down  to  its  luouth.  While  the  little  brook  first  met  with  can  be  crossed 
by  a  single  step,  the  volume  of  water  is  gradually  swelled  until,  finally, 
it  may  become  a  question  whether  the  stream  can  be  forded  or  must  be 
crossed  by  swimming.  The  observations  of  the  widening  valley,  the  in- 
creasing effect  exercised  by  a  growing  stream,  and  the  acquaintance 
with  the  entire  system  of  drainage,  furnish  a  peculiar  satisfaction  to  any 
any  one  making  them. 

In  the  subjoined  pages  we  shall  first  consider  the  surface  character  of 
the  district  examined,  and  then  its  geological  structure.  Form  and  size 
of  the  various  elevations  and  depressions,  the  distribution  of  water,  either 
flowing  or  in  still  bodies,  stand  in  such  close  relationship  with  the  geog- 
nostic  and  stratigraphical  conditions  of  every  region,  that  a  knowledge 
of  one  is  requisite  in  order  to  fully  appreciate  and  understand  the  other. 
With  a  view  to  accomplishing  this  end  to  best  advantage,  a  special  dis- 
cussion of  the  topographical  features  is  inserted,  which  can  subsequently 
be  referred  to  during  the  description  of  the  geognostic  and  geological 
character  of  any  locality  under  consideration.  Without  the  aid  of  a  map, 
prepared  upon  a  sufficiently  largo  scale,  the  only  available  data  are  notes 
and  memory.  For  this  reason,  much  of  the  detail  features  observed  must 
necessarily  be  omitted,  and  any  discussion  of  topographical  structure 
must  be  confined  within  narrow  limits. 

TOPOGKAPIIY. 

Glancing  at  a  map  of  Wyoming,  we  will  usually  find  a  large  blank 
left  in  its  southern  central  portion.  This  represents  the  southern  part 
of  our  district,  lying  between  west  longitude  107  and  109  degrees,  and 
on  either  side  of  the  forty-second  parallel.  In  its  topographical  struc- 
ture this  region  may  be  regarded  as  very  uniform.  Bluff  succeeds  bluff 
in  regular  arrangement,  retaining  about  the  same  relative  level.  Val- 
leys varying  in  width  have  been  cut  into  the  yielding  material  which 
composes  them.  Only  in  comparatively  rare  instances  do  we  find  any 
point  leaching  a  considerably  higher  elevation  than  that  of  its  surround- 
ing. In  case  we  do,  its  existence  is  generally  due  to  the  influence  of 
volcanic?  rocks.  A  number  of  buttes  formed  in  this  manner,  rising  above 
the  level  of  the  surrounding  bluffs,  are  found  along  a  line  extending  in  a 
northwesterly  direction  from  lied  Desert  station.  Their  prominence  is 
due  to  the  presence  of  ejected  lavas.  In  the  central  region  of  this  uni- 
formly depressed  area  we  find  broad  valleys,  sometimes  containing  lakes. 
Along  a  certain  line,  trending  a  little  north  of  east,  there  are  modifi- 
cations of  the  usual  forms  which  are  produced  by  the  accumulation  of 
sand.  By  lying  up  against  the  sides  of  the  bluffs,  or  by  forming  wave- 
shaped  low  hills,  the  presence  of  this  sand  changes  the  detail-charac- 
ter of  the  regions  within  which  it  is  found.  If  a  general  type  should  be 
given,  indicating  the  form  and  distribution  of  the  bluffs  witliin  this  sec- 
tion of  country^  it  might  be  described  as  long,  narrow  ridges,  cut  trans- 
versely  by  fluviatile  erosion.  That  erosion  has  shaped  the  entire  surface 
of  this  region,  there  can  be  no  doubt,  excepting  the  isolated  places  where 
eruptive  activity  has  stamped  its  impression.  Wo  must  regard  this  por- 
tion of  the  Territory  as,  primarily,  a  long,  even  slope  to  the  south,  begin- 
ning at  the  southern  base  of  the  metamorphic  elevated  area.    Erosion 
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has  removed  enormous  quantities  of  the  rocks,  and  Las  left  the  surface 
in  the  shape  we  now  find  it.  Fear  the  northern  border  of  the  region 
under  discussion  we  find  remnants  of  large  accumulations  of  sediment- 
ary strata  which  have  disappeared.  Such  remnants  are  expressed  in 
the  form  of  prominent,  isolated  bluffs,  and  in  a  thickening  of  the  strata. 
In  a  certain  sense,  the  gradual  rise  northward  may  bo  regarded  as  form- 
ing a  transition  from  the  low  country  to  the  Sweetwater  Hills.  Geolog- 
ically the  two  are  in  intimate  connection,  but  their  orographic  relations 
are  not  so  evident 

SWEETWATER  HILLS. 

On  many  of  the  maps  representing  Wyoming  this  small  range  is 
designated  as  the  "  Sweetwater  Mountains."    Dr.  Hayden  has  pointed  out 
in  his  report  of  1870  that  the  appellation  of  "hills"  was  preferable.    A 
short  distance  south  of  Pacific  Springs  there  are  a  few  isolated  blufls — 
table  buttes — which  may  be  regarded  as  the  western  terminus  of  the 
Sweetwater  Range.    From  there  eastward  the  hills  present  a  uniform 
appearance.    Continuing  without  many  breaks,  they  extend  as  far  as 
Saint  Mary's.    At  that  point  the  range  is  somewhat  disrupted,  owing  to 
a  change  in  the  geognostic  structure.    Steep  granite  hills,  covered  in 
part  by  sedimentary  strata  of  Carboniferous  ago  are  there  found  south 
of  the  river.    Valleys  of  erosion  have  cut  in  deeply,  and  narrow  canons 
indicate  the  changes  of  composition.    From  there'  eastward  the  range 
of  hills  remains  essentially  unbroken,  and  continues  to  Elkhorn  Gap. 
Although  the  range  retains  a  nearly  even  elevation  of  about  7,500  feet ; 
it  appears  as  a  series  of  hills  when  seen  from  the  valley  north  of  it. 
Creeks  and  streams  have  cut  down  deeply  into  the  range,  forming  con- 
venient low  passes.    At  Elkhorn  Gap  we  find  a  wide  depression,  breaking 
the  connection  of  the  hills.    Near  the  western  end  of  the  gap  there  is  a 
prominent  butte,  comparatively  isolated  from  the  range.     Seen  from 
a  distance,  where  its  base  disappears,  this  butte  shows  itself  as  a  hive- 
shaped  projection.    East  of  the  gap  the  range  continues  again  unbroken 
until  it  falls  off  steeply  at  Whiskey  Gap.    On  the  north  side  the  hills  are 
regularly  carved  by  erosion,  while  to  the  southward  they  present  a  more 
even  slope.    Between  Elkhorn  and  Whiskey  Gaps  the  range  is  very 
regular  again.    According  to  the  nomenclature  as  applied  to  this  region 
the  continuation  of  the  hills  eastward  of  Whiskey  Gap  is  regarded  as  a 
separate  group.    It  has  received  the  name  of  "  Seminole  HUIh?    Topo- 
graphically and  structurally,  there  is  no  reason  why  this  distinction 
should  be  made.    The  two  groups  belong  to  the  same  system  in  every 
respect.    They  have  undergone  the  same  dynamical  changes,  are  undoubt- 
edly of  the  same  age  so  far  as  elevation  is  concerned,  and  the  only  means  of 
separating  them  exists  in  the  formation  of  the  depression  which  breaks 
the  continuity.    The  relations  of  both  groups  to  adjoining  localities  are 
the  same  and  they  are  of  equal  importance  orographically.    A  short  dis- 
tance east  of  Sand  Creek  Pass  our  district  ends,  and  the  continuation  of  the 
hills  passes  beyond  it.    While  the  southern  slope  of  this  range  is  compara- 
tively steeper  than  the  northern  one  along  the  eastern  half,  the  two  arc 
nearly  alike  farther  west.    Starting  from  an  elevation  of  about  0,500  feet, 
a  long-continued  series  of  ridges  slope  gently  down  towards  the  Sweet- 
water liiver.    In  some  instances,  particularly  near  the  western  end  of  the 
range,  the  angle  of  slope  becomes  steep,  owing  to  the  fact  that  the  river 
encroaches  upon  the  hills.    Near  the  little  canon  of  the  Sweetwater,  about 
west  longitude  108°  207,  the  long  flat-topped  ridges  begin.    They  are  sepa- 
rated from  each  other  mostly  by  narrow  dry  gulches.    In  case  they  con- 
tain water,  they  are  usually  wider  and  have  flat  meadows  along  the  streams. 
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From  various  points  along  the  crest  of  the  range  the  regular  arrange- 
ment of  these  ridges  can  be  seen.  Extending  northward  for  distances 
varying  from  3  to  12  miles,  they  usually  present  an  unbroken  slope.  If  it 
is  broken,  they  are  terraced.  At  varying  distances  from  the  river  these 
ridges  terminate  more  or  less  abruptly  and  the  valley  proper  begins. 
This  is  level,  and  changes  in  width  in  accordance  with  the  strata  or 
rocks  adjoining  either  side. 

The  Sweetwater  Hills  and  their  eastern  extension,  the  Seminole  Group, 
have  a  trend  of  nearly  east  and  west,  forming  the  last  range  from  the 
Sweetwater  southward  to  the  Union  Pacific  Railroad.  On  the  first- 
named  the  highest  point  reaches  an  elevation  of  0,200  feet  above  sea- 
level,  on  the  latter  an  altitude  of  0,000  feet 

Inasmuch  as  two  names  have  been  given  to  the  same  range,  and  have 
been  repeatedly  published  on  maps  and  in  reports,  they  will  be  retained 
in  the  subjoined  report.  It  will  there  be  seen  that  no  structural  differ- 
ence justifies  the  separation,  as,  too,  it  is  certainly  not  warranted  by 
orographic  or  topographical  features. 

SWEETWATER  PLATEAU. 

Looking  from  Sheep  Mountain  towards  the  south  and  southeast,  we 
observe  a  long  line,  almost  unbroken,  of  steep  white  cliffs,  resembling 
somewhat  the  southern  face  of  the  Book-Cliffs  of  Colorado.  The  edge  of 
these  cliffs  does  not  run  in  a  straight  line,  but  shows  numerous  deep 
indentations  and  projecting  sharp  points.  The  general  trend  is  a  little 
north  of  east.  Towards  the  north  the  slopes  presented  are  very  steep, 
sometimes  precipitous.  Erosion  has  cut  narrow  gulches,  timbered  with 
quakin  gasp  and  spruce  into  the  soft  strata.  Without  many  horizontal 
breaks,  these  faces  sweep  down  in  a  straight  or  slightly  curved  line  to  the 
lower  country,  northward.  If  we  ascend  the  sharply-defined  edge,  we  find 
that  it  maintains  an  almost  uniform  absolute  elevation,  averaging  about 
0,500  feet.  To  the  southward  we  will  see  a  gradual  gentle  slope  toward 
Sweetwater  River.  Retaining  this  character  throughout  its  entire  ex- 
tent, I  regard  the  designation  "  Sweetwater  Plateau n  an  appropriate 
one  for  this  region.  The  distance  of  its  edge  from  the  river  varies  some- 
what, dependent  upon  curves  made  by  either.  At  some  points  along 
the  plateau-rim,  wo  will  find  hills  projecting  above  the  usual  level.  In 
this  case  the  difference  of  relative  elevation  is  either  slight,  or  the  hills 
are  formed  by  some  older  geological  formation  than  that  exhibited  on 
the  faces  of  the  cliffs.  Descending  along  one  of  the  north  to  south  ridges, 
we  find  that  they  are  cut  off  sharply  upon  reacliing  the  valley  of  the 
Sweetwater.  This  plateau,  as  well  as  the  ridges  leading  from  the  Sweet- 
water Hills  to  the  river,  owe  their  formation  to  a  tertiary  deposit  of  con- 
siderable thickness.  Speaking  from  the  standpoint  of  a  geologist  only, 
the  two  together  might  aptly  be  designated  as  a  "  basin,"  but  the  con- 
figuration of  the  surface  is  such  as  to  render  this  term  inapplicable.  In 
one  sense  of  the  word  a  "  basin"  is  formed  by  the  gradual  slopes  towards 
the  river,  which  are  exhibited  by  both  sides.  Their  relations,  however, 
firstly  to  the  Sweetwater  Hills,  and  secondly  to  the  low  country  north- 
ward, forbid  their  classification  as  such.  The  area  occupied  by  this 
plateau  extends  from  a  point  nearly  due  south  of  Sheep  Mountain  east- 
ward to  the  terminus  of  our  district.  On  some  maps  the  plateau-edge 
may  be  found  indicated  by  notched  lines  connecting  the  region  of  Stam- 
baugh,  through  isolated  hills,  with  the  western  end  of  the  Rattlesnake 
Mountains. 
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GRANITE  HILLS. 

A  decided  break  occurs  in  the  even  slope  of  the  plateau  by  the  unex- 
pected protrusion  of  a  series  of  more  or  less  isolated  granitic  ridges  or 
hills.    About  18  miles  above  the  Three  Crossings,  on  the  Sweetwater,  the 
first  of  these  hills  are  noticed.    Heavy  masses  of  isolated  red  granite  rise 
considerably  above  the  surrounding  tertiary  deposits.    As  we  travel  from 
that  point  eastward,  the  hills  make  their  appearance  at  shorter  intervals, 
and  are  eventually  connected  so  as  to  form  more  or  less  extensive  ridges. 
A  short  distance  below  the  Three  Crossings  they  assume  the  type  of  a 
compact  groupe.    Connected  with  each  other,  to  the  exclusion  of  thef 
tertiary  sediment,  the  hills  here  present  a  very  striking  appearance. 
They  are  almost  entirely  destitute  of  vegetation,  and  show  peculiarly 
rounded,  smooth  surfaces.    Nearly  the  whole  mass  of  these  hills  remains 
north  of  the  Sweetwater,  and  only  small,  isolated  fragments  of  the  granite 
make  their  appearance  south  of  the  river  until  wo  reach  the  Devil's  Gate. 
Hayden's  Peak  is  the  most  prominent  one  of  the  group.    Cloven  Peak  is 
another  sharply-defined  hill  in  the  group.    On  several  maps  the  inscription 
"  Granite  Hills  v  or  "  Granite  Eidges"  may  be  found.    It  is  to  be  presumed 
that  these  names  were  put  on  rather  to  convey  some  definite  information 
than  to  represent  the  appellation  given  to  the  group.    The  first  name, 
however,  is  a  descriptive  one;  and  I  have  adopted  it  for  these  granitic 
exposures.    As  we  proceed  still  farther  to  the  east,  we  find  the  "  Devil's 
Gate"  within  the  area  occupied  by  the  hills.    Near  the  one  hundred  and 
seventh  meridian,  Bock  Independence,  a  most  famous  landmark,  is 
located*    This  is  merely  a  huge  block  of  granite,  isolated  from  the  main 
portion  of  the  hills  by  intervening  areas  of  sand.    Northward  of  the 
Granite  Hills  the  edge  of  the  Sweetwater  Plateau  continues  eastward, 
and  this,  as  well  as  the  hills,  extends  beyond  the  limits  of  our  district. 

At  the  point  where  granitic  buttes  first  make  their  appearance  they 
are  about  8  miles  north  of  the  river.  Trending  in  a  southeasterly  direc- 
tion, they  reach  it  about  12  miles  above  the  Three  Crossings.  Although 
the  Sweetwater  usually  winds  its  way  around  them,  it  cuts  through  nar- 
row ridges  at  a  number  of  places.  Most  prominent  among  these  is  its 
passage  through  the  Devil's  Gate.  While  the  group  of  hills  has,  up  to 
that  point,  maintained  a  course  nearly  due  east  and  west,  it  here  takes  a 
sudden  bend  to  the  southeastward,  the  river  cuts  through  it,  and  flows 
onward  north  of  the  hills.  So  far  as  we  could  determine  from  a  distance, 
the  Granite  Hills  eventually  connect  with  the  eastern  extension  of  the 
Seminole  Mountains.  Seen  from  long  distances,  this  group  presents  a 
very  rugged  appearance.  No  timber  exists  on  the  liills  to  modify  their 
outlines,  and  the  impression  obtained  is  that  of  a  high  range.  Eising 
abruptly  from  a  very  gentle,  regular  slope,  they  closely  resemble  rocky 
islands  projecting  above  the  level  of  the  sea.  Even  in  their  present  form 
do  they  thus  afford  a  reminiscence  of  the  conditions  existing  at  that 
locality  ages  ago. 

WIND  RIVER  RANGE. 

Within  our  district  is  included  a  portion  of  the  Wind  Eiver  Eange. 
All  that  part  lying  south  of  north  latitude  43°  fell  to  our  share.  That 
section  of  the  Bocky  Mountain  system  which  has  received  the  name  of 
the  Wind  Ei vers  forms  the  continental  divide  for  a  considerable  distance 
within  our  district.  So  far  as  explored  by  us.  the  range  is  a  very  typical 
one,  regular  in  its  structure  and  in  the  distribution  of  its  several  mem- 
bers. It  may  appropriately  be  divided  into  three  chains — the  main  or 
western,  the  chain  of  foot-hills,  and  the  chain  of  outlying  hills.    Of  thesa 
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the  first  contains  the  high  peaks  of  the  range,  culminating  in  Frdmont's 
Peak,  13,570  (Fremont)  feet  high.  Although  this  is  beyond  the  limits 
of  our  district,  we  were  enabled  to  recognize  its  position  from  the  sum- 
mit of  Snow  Peak.  On  the  western  side  the  main  chain  is  accessible 
by  way  of  the  ridges  extending  into  the  low  country.  They  lead  to  lower 
elevations  without  having  formed  any  secondary  chain.  To  the  east  the 
main  chain  falls  off  very  steeply,  not  unfrequently  presenting  perpendic- 
ular or  overhanging  walls.  From  that  side  the  highest  peaks  of  the 
range  may  be  considered  inaccessible.  Following  in  a  southeasterly 
direction  wo  find  a  number  of  high  mountains  occupying  the  crest  of  the 
western  chain.  As  is  usually  the  case  in  the  Kocky  Mountains,  the 
highest  points  show  about  the  same  altitude,  and  only  a  few  are  found 
to  exceed  by  several  hundreds  of  feet  the  average  elevation.  Snow  Peak 
is  an  exception  of  this  kind.  Located  in  the  main  chain,  it  rises  to.  an 
elevation  of  13,400  feet  above  sea-level,  about  500  feet  higher  than  the 
general  altitude  of  the  neighboring  summits.  From  there  toward  the 
southern  end  of  the  range  no  more  prominently  high  peaks  appear,  unless 
we  except  Stambaugh  Peak.  Located  near  the  southern  terminus  of  the 
Wind  River  Mountains,  this  peak  shows  an  elevation  of  12,700  feet. 
The  main  chain  gradually  diminishes  in  height  as  it  approaches  the  low 
country,  and  Stambaugh  Peak,  therefore,  appears  higher  than  it  really 
is.  On  various  maps  the  name  "Fremont's  Peak "  is  placed  opposite  a 
number  of  different  mountains.  It  may  be  found  so  as  to  indicate  Stam- 
baugh, or,  more  frequently,  Snow  Peaks,  and  may  be  seen  where  no 
prominent  peaks  occur  in  fact.  Both  of  the  mountains  above  named 
were  ascended  by  our  party,  and  no  evidence  of  Fremont  having  been 
there  was  observed.  Besides  this,  his  descriptions  do  not  tally  with 
those  localities.  From  Stambaugh  Peak  the  range  rapidly  falls  off,  the 
main  chain  disappears  in  the  foot-hills,  and  these  gradually  merge  into 
the  lower  bluff-country. 

As  the  chain  of  foot-hills  we  may  regard  a  succession  of  hills,  parallel 
to  the  main  chain,  on  its  eastern  side.  The  steep  slopes  of  the  latter 
form  a  somewhat  broken,  abrupt  depression  between  the  two.  Ridges 
ascending  from  the  western  base  of  the  outlying  hills  lead  up  to  the  sum- 
mits of  this  second  chain.  The  liighest  points  are  comparatively  isolated, 
being  separated  from  each  other  by  saddles  sometimes  a  thousand  feet 
in  depth.  They  were  found  to  reach  above  timber-line  (11,000  feet  above 
sea-level)  in  many  instances,  and  presented  bare,  sharp  points.  South- 
east of  Stambaugh  Peak,  the  difference  between  these  two  first  chains  is 
obliterated.  A  more  or  less  steeply  sloping  series  of  hills  leads  down  to 
the  lower  metamorphic  area  within  which  the  mining  settlements  are 
located. 

The  outlying  chain  may  be  characterized  as  one  parallel  to  the  two 
just  described  lying  to  the  eastward  of  them.  It  is  composed  of  sedi- 
mentary material,  and  is  analogous  to  the  "  hog-backs "  of  Colorado. 
Presenting  comparatively  easy  slopes  toward  the  east,  the  descent  on 
the  western  side  is  steep.  Deep,  narrow  valleys  are  formed  between 
the  base  of  the  foot-hill  chain  and  the  western  edge  of  this  one.  Run- 
ning, necessarily,  parallel  with  and  between  the  two  chains,  the  foot- 
hills are  cut  transversely  by  the  streams  issuing  from  the  mountains. 
In  a  like  manner  is  the  outlying  chain  subjected  to  breaks  of  its  con- 
tinuity. At  some  localities  the  gaps  permitting  the  passage  of  streams 
are  comparatively  wide ;  at  others  they  are  merely  canons  with  vertical 
walls.  Extending  along  the  eastern  base  of  the  foot-hills,  this  chain 
follows  the  range  southeastward  to  the  vicinity  of  Miner's  Delight. 
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Passing  on.  outside  of  the  metamorphic  area,  it  forms  the  little  canon  of 
the  Sweetwater.  On  the  south  side  of  the  river  it  gives  rise  to  the  small 
carboniferous  hills  that  have  been  mentioned  in  connection  with  the 
Sweetwater  Hills.  At  that  point  there  can  no  longer  be  any  distinction 
made  between  the  regular  chain  and  the  Sweetwater  Eange.  The  two 
merge  into  each  other  imperceptibly.  In  the  vicinity  of  Stambaugh 
and  at  Atlantic  City  the  foot-hills  have  been  greatly  modified,  changing 
into  low,  rolling  hills  toward  the  south  and  southeast. 

Near  the  northwestern  corner  of  our  district,  at  the  exit  of  Muddy 
Creek  from  the  mountains,  a  small,  subsidiary  range  separates  itself 
from  the  western  base  of  the  main  chain.  Diverging  with  increasing 
distance  we  find  a  comparatively  level  valley  of  triangular  shape  in- 
cluded between  the  two  ranges.  That  designated  as  subsidiary  is  com- 
posed of  isolated  groups  or  hills  composed  of  red  granite.  They  arc 
arranged  in  an  approximately  straight  line,  and  evidently  formed  a  con- 
tinuous chain  at  one  time.  Northward  they  form  an  integral  portion  of 
the  main  chain,  being  absorbed,  as  it  were,  within  its  western  slope. 
Toward  the  south  they  gradually  diminish  in  height,  until  the  hills  dis- 
appear within  the  rolling  metamorphic  area.  Streams  coming  from  the 
mountains  have  cut  their  way  through  this  little  chain,  completing  the 
isolation  of  the  individual  hills  or  small  groups,  and  affording  low,  con- 
venient passes. 

The  trend  of  the  Wind  River  Mountains  is  very  nearly  south  45°  east. 
Parallel  among  themselves  are  the  three  chains  above  discussed,  until 
they  join  together  in  the  metamorphic  area  on  the  Sweetwater  River. 
At  the  distance  of  about  28  miles,  which  we  may  regard  as  the  length 
of  the  western  subsidiary  range,  its  divergence  from  the  main  chain  pro- 
duces a  valley  about  4  miles  in  width.  Topographically  considered, 
this  short,  low  chain  can  be  considered  as  a  terminal  spur.  Taking  into 
account^  however,  its  geological  structure,  it  will  be  more  correct  to 
regard  it  as  a  subsidiary  range.  The  total  length  of  the  Wind  River 
Mountains  is  so  short  that  the  term  "spur"  would,  perhaps,  not  be 
properly  applied  to  a  series  of  hills  so  extensive  as  the  one  under  con- 
sideration. 

BLTJFF-EEGION  OF  WTNT>  BIVER  DRAINAGE. 

Beyond  that  chain  of  the  Wind  River  Mountains  which  has  been  desig- 
nated as  "  outlying  hills  "  the  bluffs  begin.  In  the  vicinity  of  Sheep  Mount- 
ain a  succession  of  stratigraphical  disturbances  have  resulted  in  producing 
a  il broken"  appearance  of  the  country.  This  extends  over  a  small  area 
only.  Xbrth  and  east  of  that  hill  the  surface  of  the  country  resolves 
itself  into  a  series  of  parallel  bluffs.  In  their  general  direction  they  at 
first  exhibit  a  parallelism  with  the  Wind  River  Range.  As  we  recede 
from  the  mountains,  however,  the  trend  and  form  of  the  bluffs  is  deter- 
mined directly  by  the  character  and  position  of  the  strata  composing 
them.  At  some  localities  the  character  of  the  country  typically  repre- 
sents "  terres  mauvaises."  Rising  abruptly  from  these  low  bluff-regions 
we  observe  the  steep  edge  of  the  Sweetwater  plateau.  The  lowest  eleva- 
tion which  we  reached  in  this  section  of  country  was  on  Beaver  Creek. 

Along  the  eastern  base  of  the  outlying  hills,  toward  Camp  Brown,  north- 
ward, the  bluffs  are  located  nearer  the  range.  They  are  very  regular  in 
their  course  and  foam,  and,  gradually  diminishing  in  height,  they  extend 
for  miles  along  the  Wind  River  Valley. 

Although  we  had  within  our  district  a  large  proportion  of  low,  flat 
country,  we  had  a  sufficient  diversity  in  its  mountainous  portions. 
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DRAINAGE. 

Sweetwater  drainage. 

The  Sweetwater  River  heads  about  10  miles  northwest  of  Starnbaugh 
Peak  in  the  Wind  River  region.    Flowing  through  cailons  of  short 
length  and  through  narrow  valleys  it  emerges  from  the  western  slope  of 
the  mountains  into  the  rolling  metamorphic  area.    Receiving  water  from 
a  large  number  of  swift  mountain  streams,  the  river  has  attained  a  con- 
siderable size  upon  reaching  the  open  country.    At  first  it  passes  through 
a  nuuiber  of  small  cauons,  deeply  cut  into  the  schists  of  that  region. 
While  within  the  mountains  the  river  has  a  course  nearly  south.    This 
is  changed  to  an  easterly  one  after  it  has  emerged  into  the  open  country. 
Flowing  eastward,  south  of  South  Pass  City,  it  is  crossed  by  the  stage- 
road.    From  there  on  the  Sweetwater  retains  a  general  course  of  nearly 
west  to  east,  varying  probably  10  miles  on  either  side  in  its  turns.    Ap- 
proximately the  river  follows  north  latitude  42°  30/.    After  flowing 
past  Camp  Starnbaugh,  about  10  miles  south  of  it,  the  stream  en- 
ters what  we  have  called  the  Little  Sweetwater  Canon.    It  is  there 
inclosed  by  steep  walls  of  metamorphic  rocks.     At  this  point  we 
have  reached   the  southeastern  termination  of  the  foot-hills  of  the 
range.  A  vertical  rent  in  the  rocks  has  opened  a  passage  for  the  stream, 
which  rushes  through  it  with  great  violence.    Descending  the  rather 
steep  slopes  of  the  hills  at  tliis  locality,  a  part  of  which  belong  to  the 
older  sedimentary  groups,  we  reach  the  valley  proper  of  the  Sweetwater. 
A  few  miles  below  the  caQon  we  find  Saint  Mary's  ranch.    This,  at  the 
present  time,  presents  but  the  ruins  of  an  old  stage  station.    From  there 
the  river  winds  eastward  lazily  through  its  valley.    Bordered  on  either 
side  by  bluffs,  the  low-land  is  covered  with  grass  and  willow  brush.   About 
15  miles  above  the  Three  Crossings  we  meet  with  another  small  canon. 
A  gap  in  qnartzitic  sandstones,  sufficiently  narrow  to  force  the  river 
through  it  with  a  rush,  is  formed  by  vertical  walls  about  120  feet  in  height. 
After  tumbling  over  the  bowlders  the  Sweetwater  enters  a  comparatively 
wide  valley,  containing  an  abundance  of  good  grass.    By  this  time  we 
have  arrived  within  the  Granite  Hills.    Bordering  the  river  on  the  north, 
they  determine,  in  a  great  measure,  its  course.    Following  down  the  val- 
ley, we  eventually  reach  the  Three  Crossings,  located  about  at  west  lon- 
gitude 107°  45'.    Here  the  wagon-road  crosses  the  stream  three  times  in 
rapid  succession,  whence  the  .name.    A  grassy  bottom,  about  2  miles  in 
length,  is  found  on  the  south  side  of  the  river,  which  closely  hugs  the 
granitic  hills  to  the  north.    From  that  point  downward  we  notice  several 
sharp  turns,  induced  by  the  projecting  or  receding  masses  of  granite.     In 
a  few  instances  we  find  that  small  gaps  have  been  formed  in  some  of  the 
transverse  ridges.    Taking  advantage  of  these,  the  Sweetwater  shortens 
its  course  by  passing  through  them.    Flowing  past  Cloven  Peak,  it  runs 
closely  along  the  southern  bonier  of  the  granites,  until,  finally,  it  crosses 
this  irregular  range  by  way  of  the  Devil's  Gate.    This  latter  is  a  vertical 
owning  in  the  rocks,  filled  almost  entirely  by  the  stream.    Perpendicu- 
lar walls  enclose  the  river,  rising  to  a  relative  elevation  of  about  400  feet. 
Immediately  alter  passing  through  the  gate  the  Sweetwater  turns  to  the 
northeast  for  a  short  distance,  thus  effecting  a  crossing  through  the 
Granite  Hills.    By  following  this  turn  for  about  5  mMes  we  reach  Rock 
Independence,  located  near  west  longitude  107°.    From  there  the  river 
flows  about  10  to  12  miles  farther  to  its  junction  with  the  North  Fork  of 
Platte  River.    It  passes  through  a  narrow  canon  in  a  series  of  rapids. 
Here  it  was  that  Fremont  made  his  memorable  trip  downstream,  in  the 
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rubber-boat  he  carried  with  him,  which,  after  successfully  passing  the 
greater  portions  of  the  rapids,  was  eventually  capsized. 

Northern  tributaries  of  the  Sweetwater. — While  within  the  mountains, 
the  Sweetwater  receives  a  number  of  small  streams,  which  rapidly  swell 
its  volume.  North  of  South  Pass  City  heads  what  has  been  called  TV»Z- 
low  Creek.  After  a  short  run  this  discharges  its  waters  into  the  Sweet- 
water. A  short  distance  farther  east,  near  Atlantic  City,  Rock  Creek 
heads,  which  joins  the  river  nearly  south  of  Stambaugh.  Eastward, 
beyond  that  point  a  number  of  small  streams  ran  towards  the  Sweet- 
water, but  only  few  of  them  carry  any  water  for  the  entire  distance. 
During  the  wet  season  many  of  them  flow  freely,  but  they  begin  to  dry 
up  in  June.  From  the  plateau  we  found  no  water  entering  the  river. 
A  number  of  small  creeks  exist  within  the  plateau,  issuing  mainly  from 
springs,  but  they  do  not  carry  water  for  more  than  a  few  hundred  yards. 
An  exception  to  this  rule  was  found  immediately  south  of  the  western 
end  of  the  Granite  Hills.  There  we  observed  a  stream  of  some  size, 
having  a  length  of  about  16  miles.  At  a  number  of  points  water  was. 
found  in  the  run,  sometimes  flowing,  at  other  places  stagnant-  From 
what  we  saw  there,  we  inferred  that  this  creek  carried  water  during  a 
considerable  portion  of  the  year.  At  the  mouth  of  the  small  canon  15 
miles  above  the  Three  Crossings,  this  creek  flows  into  the  Sweetwater. 
Provisionally,  I  shall  designate  it  as  Heron  Creek.  No  tributaries  of  any 
importance  besides  these  were  found  on  the  north  side  of  the  river. 
The  drainage-area  of  the  plateau  is  not  very  large,  and  the  character 
of  the  strata  composing  it  is  such  that  water  easily  soaks  down  into 
them. 

Southern  tributaries  of  the  Sweetwater. — Few  streams,  comparatively, 
of  any  size  flow  into  the  Sweetwater  from  the  south.  Within  the  hills 
bearing  the  same  name  is  the  creek  on  which  we  camped  in  the  narrow 
Carboniferous  cafion.  Kising  in  the  isolated  granitic  hills  south  of  the 
river,  this  creek  first  follows  an  easterly  course.  On  its  way  it  receives 
several  small  branches.  A  sudden  turn  changes  its  direction  to  the 
north,  and  it  enters  the  Sweetwater  about  8  miles  below  Saint  Mary's 
Station.  At  the  time  we  were  there,  June  30,  it  carried  water,  through- 
out its  entire  length.  Near  its  junction  with  the  river  the  ground  is 
swampy,  and  we  found  no  well-defined  mouth  of  the  creek.  This  stream 
we  have  named  Saint  Mary's  Creek.  Along  the  northern  slope  of  the 
Sweetwater  Hills  there  are  a  large  number  of  small  creeks,  which  start 
in  the  gulches  cut  into  the  slope.  As  a  rule,  they  only  run  for  a  short 
distance,  however,  soon  sinking  in  the  loose  soil  nearer  the  river.  Wher- 
ever the  timber  extends  far  down  the  slope,  there  the  water  will  remain 
above  ground  for  some  distance.  During  certain  seasons  of  the  year 
several  of  these  streams  discharge  their  water  into  the  river,  but  at  the 
time  of  our  visit  (August)  we  found  no  water  farther  than  a  mile  from  the 
base  of  the  hills.  Still  farther  east,  in  Elkhorn  Gap,  there  is  a  good- 
sized  stream,  which  carries  water  to  the  river.  Heading  on  the  south 
side  of  the  hills,  it  curves  along  their  base,  passes  the  middle  butte  to 
the  eastward^  and  flows  through  the  low  gap.  Bordered  by  grassy  mead- 
ows and  receiving  additions  of  water  from  a  few  small  creeks,  this  stream 
runs  through  a  broad  valley  northward  into  the  Sweetwater.  It  carries 
water  during  the  entire  year,  and,  judging  from  the  appearance  of  the 
banks,  must  form  a  perfect  torrent  at  certain  seasons.  It  has  been  named 
West  Sand  Creek.  As  farther  west,  so  the  hill-slope  east  of  Elkhorn 
Gap  contains  a  number  of  short  creeks.  They  carry  a  plentiful  supply 
of  water  until  they  emerge  from  the  hills  and  lose  it  in  the  sandy  soil 
northward.    At  about  one-third  of  the  distance  from  Elkhorn  to  Whis- 
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key  Gap  we  found  quite  a  large  stream.  It  was  well  timbered  with 
cottonwood  and  showed  beautiful  glacial  moraines  on  either  side.  Dur- 
ing the  larger  portion  of  the  year  this  stream  carries  its  water  northward 
into  the  river.  Near  the  base  of  the  mountains  we  find  large  meadows 
on  the  streams,  which  are  generally  formed  near  the  conflux  of  several 
smaller  creeks.  Another  stream  of  some  size  flows  northward  about  8 
miles  west  of  Whiskey  Gap.  During  tlicdistancesforwhich  these  streams 
remain  within  the  boundary  of  the  hills  they  cany  clear,  good  water, 
but  they  become  alkaline  alter  passing  tlirough  the  strata  composing  the 
Sweetwater  Group.  These  two  latter  streams  we  have  named,  reflect- 
ively, (J lacier  and  Lone  Rock'  Creckn.  Through  Whiskey  Gap  flows  Muddy 
Crecl\  •  Rising  south  of  the  Seminole  Hills,  it  flows  lirst  westward  and 
then  turns  sharply  to  the  north,  finally  emptying  into  the  Sweetwater. 
Within  the  gap  the  water  of  this  stream  is  clear,  but  it  soon  becomes 
muddy  after  leaving  the  hills.  It  is  crossed  by  the  wagon-road  imme- 
diately outside  of  the  gap.  East  of  Whiskey  Gap  we  have  but  one  more 
stream  of  importance  in  our  district,  Sandy  Creek.  It  heads  along  the 
slope  of  the  Seminole  Mountains,  flows  through  a  low  pass,  and  enters 
the  Xorth  Platte  south  of  the  junction  of  the  Sweetwater  with  this 
river. 

WIND  RIVER  DRAINAGE. 

Wind  River  does  not  reach  into  our  district,  approaching  it  only  within 
about  six  miles.  An  important  portion  of  its  drainage  remains  within 
the  limits  of  our  district,  however.  Little  Wind  JKirer,  the  most  promi- 
nent branch,  heads  in  the  Wind  River  Range,  north  of  our  area,  and 
flows  in  a  southeasterly  direction  after  leaving  the  mountains.  On  it 
Camp  Brown  is  located.  After  passing  the  post  its  course  is  a  little 
south  of  east,  until  it  makes  an  abrupt  turn  northward  and  joins  the 
Wind  River.  This  in  turn  flows  in  a  general  northerly  direction.  The 
name*  is  retained  until  it  passes  through  the  Owl  Creek  Range,  about 
north  latitude  43°  30/,  when  it  changes  into  that  of  Bighorn  Biver. 
All  the  remaining  drainage  belonging  to  this  system,  so  far  as  contained 
within  our  district,  consists  of  tributaries  to  the  Little  Wind  River.  Two 
streams  are  prominent  among  them — the  Popo-Agie  and  Beaver  Creek* 
The  former  rises  in  the  Wind  River  Range,  near  Snow  Peak.  As  long 
as  it  remains  in  the  mountains  it  is  known  by  the  name  of  North  Fork. 
Flowing  in  a  northeasterly  direction,  it  passes  through  densely-timbered, 
vers'  rocky  canons.  Steep  slopes  inclose  the  streams  and  carry  to  it  swift 
mountain  streams.  Cutting  through  the  foot-hills,  it  finds  egress  by 
way  of  a  comparatively  wide  opening  tlirough  the  outlying  hills  of  the 
third  chain.  Emerging  entirely  from  the  hills,  it  flows  through  a  broad, 
fertile  valley,  and  finally  enters  the  Little  Wind  River  as  Popo-Agie  a 
little  south  of  east  from  Camp  Brown.  A  stream  that  in  reality  is  a 
tributary  of  the  Xorth  Fork  has  been  called  the  Big Popo-Atfie  and  Bald- 
win'x  Creek.  It  takes  its  rise  in  the  range  south  of  that  of  the  North 
Fork,  and,  following  an  approximately-parallel  course,  finally  leaves  the 
mountains.  While  in  the  lower  country,  near  the  eastern  edge  of  the 
outlying  liills,  it  is  joined  by  a  creek  coining  from  a  southwesterly  direc- 
tion. Near  the  conflueiuje  of  these  two  streams  extensive  settlements 
exist.  After  the  junction  of  the  three  creeks,  below  that  of  the  North 
Fork  and  Baldwin's  Greek,  the  stream  is  called  simply  the  Popo-Agie. 
Its  largest  tributary  coming  from  the  mountains  is  the  Little  Popo-Agie. 
Ilcading  near  Stambaugh  Peak,  this  stream  flows  in  a  northeasterly 
direction.  After  leaving  the  footliills  it  cuts  through  the  third  chain, 
finding  its  way  along  a  very  fine  canon.    Perpendicular  walls,  about  800 
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feet  in  height,  composed  of  limestone,  form  a  chasm  in  the  outlying  hills, 
through  which  the  stream  rushes  in  a  series  of  rapids  and  small  cascades. 
From  there  it  enters  the  hilly  area  surrounding  Sheep  Mountain,  and 
finally  emerges  into  the  low  country,  where  it  makes  a  sharp  turn  north- 
ward and  joins  the  Popo-Agie.  During  its  course  the  volume  of  water 
is  swelled  by  several  smaller  creeks.  Turin  Creek,  rising  beyond  Miner's 
Delight,  is  forced  to  make  a  considerable  detour  before  being  able  to 
pass  through  the  outlying  hills.  After  a  passage  has  been  effected  some 
distance  to  the  south,  this  creek  flows  in  an  easterly  direction.  A  sharp 
curve  to  the  north  carries  it  along  the  western  base  of  Sheep  Mountain, 
and  it  eventually  empties  into  the  Little  Popo-Agie  alnnit  four  miles 
below  Eagle  ranch.  A  small  creek  flowing  through  the  picturesque  lied 
Caiion  carries  its  water  into  the  same  stream.  Within  that  area  a  num- 
ber of  unimportant  creeks  are  found,  the  largest  one  of  which  is  proba- 
bly Cottonwood  Greek,  a  branch  of  Twin  Creek.  From  the  west  Willoic 
Creek  flows  into  the  Little  Popo-Agie.  Most  of  these  small  creeks  carry 
water  during  the  entire  year,  although  in  some  of  them  it  becomes  quite 
muddy  during  the  latter  part  of  the  dry  season. 

Beaver  Creek. — This  stream  heads  a  short  distance  east  of  Camp  Stam- 
bangli.  Flowing  in  a  direction  a  little  north  of  east,  it  runs  through  a 
narrow,  very  pretty  caiion  south  of  Sheep  Mountain.  On  its  course  to 
that  point  the  Beaver  receives  a  number  of  small  tributaries.  Retaining 
its  general  course  toward  the  east,  the  Beaver  cuts  directly  across  the 
younger  sedimentary  bluffs  of  that  region.  A  sudden  turn  to  the  north- 
ward brings  the  stream  into  a  broad,  open  valley  running  parallel  with 
the  trend  of  the  bluffs.  From  there  the  Beaver  flows  through  low,  flat 
country  until  finally  it  joins  the  Little  Wind  River. 

A  large  number  of  creeks  start,  along  the  steep  northern  slope  of  the 
Sweetwater  Plateau.  They  belong  to  the  Wind  River  drainage,  but  ex- 
cept in  particularly  wet  seasons  carry  no  water  into  it.  As  a 'rule,  they 
ran  but  a  very  short  distance,  soon  sinking  in  the  loose  arenaceous  soil 
of  the  lowlands.  Many  of  them  have  runs  of  but  a  few  hundred  yards 
or  even  less,  being  in  reality  nothing  more  than  overflowing  springs.  A 
large  area  of  very  dry  country  intervenes  between  the  Sweetwater  Pla- 
teau and  that  eastern  tributary  of  the  Wind  River,  Bad  Water  Creek. 
This  latter  is  beyond  the  limits  of  our  district. 

GREEN  BIVEE  DRAINAGE. 

Biff  Sandy  River. — Within  our  district  the  Big  Sandy  is  the  main 
stream  flowing  into  Green  River.  It  rises  northwest  of  Snow  Peak  on 
the  western  slope  of  the  Wind  River  Range  and  flows  in  a  general  direc- 
tion west  of  south.  Passing  through  the  mountains  it  has  the  character 
of  a  swift  mountain  stream,  carrying  a  considerable  amount  of  water.  Its 
channel  is  generally  very  rocky  and  the  clear  water  leaps  over  huge 
bowlders  often  forming  a  perfect  torrent.  Upon  leaving  the  mountains 
it  shows  a  succession  of  rapids  and  cascades  while  rushing  through  a 
narrow  canon  in  the  subsidiary  granitic  range.  From  there  it  flows 
more  slowly  along  the  Tertiary  bluff  country  lying  between  the  base  of 
the  mountains  and  Green  River.  This  latter  stream  it  joins  in  about 
north  latitude  41°  4&.  The  Big  Sandy,  well  known  in  the  early  history 
of  this  section  of  country,  has  several  tributaries  to  the  eastward. 
Travelling  in  that  direction  we  first  meet  with  Little  Sandy  Creek.  It 
rises  at  the  immediate  western  base  of  Snow  Peak,  and  flows  for  some 
distance  through  a  narrow,  very  pretty  caiion,  until  it  empties  into  Bar- 
ret's Lake.    From  there  its  downward  course  is  rapid.    Leaving  the 
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mountains  it  cuts  through  the  granitic  range  outside  and  enters  the  low 
country.  Losing  much  of  its  water  there,  it  finally  enters  the  Big  Sandy 
as  a  muddy  stream,  very  wide  but  shallow.  A  few  small  creeks  run 
into  this  stream  after  it  leaves  the  mountains,  but  they  mostly  carry 
water  only  a  short  distance,  except  during  the  wet  season.  Proceeding 
a  few  miles  farther  east  we  find  the  Dry  Sandy.  Tins  is  a  branch  of  the 
Little  Sandy,  and,  as  the  name  implies,  only  contains  water  temporarily. 
Flowing  for  nearly  its  entire  length  through  a  dry,  sandy  country,  the 
supply  received  from  the  mountains  is  soon  exhausted,  and  nothing  but 
a  wide  bed  filled  with  yellow  sand  denotes  the  course  of  the  stream. 
Pacific  Creek,  located  a  short  distance  farther  east,  is  a  tributary  of  the 
Dry  Sandy.  Bising  at  Pacific  Springs,  tliis  creek  flows  in  a  southwest- 
erly direction.  It  contains  water  through  a  large  portion  of  its  course, 
although  it  is  very  alkaline.  Father  south  there  are  several  other 
streams  carrying  water  during  some  seasons  of  the  year.  White  Horse 
Creek  is  one  of  these. 

Muddy  Creek. — Near  the  northwestern  corner  of  our  district  is  a  good, 
sized  stream  indicated  by  some  maps  as  Muddy  Creek.  It  takes  its  rise 
near  that  depression  in  the  Wind  lliver  Bange  over  which  the  Shoshone 
trail  leads.  Flowing  to  the  southwest,  it  rapidly  changes  its  course  to  a 
westerly  one  upon  emerging  from  the  mountains  and  passes  out  of  our 
district. 

Packer's  Creek. — A  short  distance  west  of  Salt  Wells  Station,  on  the 
Union,  Pacific  Bailroad,  we  find  a  long  creek,  having  its  course  through 
a  wide,  nearly  straight  valley.  Its  direction  is  approximately  southward 
and  it  forms  a  junction  with  Bitter  Creek  near  the  station  above  men- 
tioned. During  the  summer  the  lower  portions  of  this  creek  are  dry  and 
water  can  only  be  found  in  small  stagnant  pools. 

Sutyhur  Creek. — Near  Point  of  Bocks,  Sulphur  Creek  joins  Bitter 
Creek.  Some  of  its  northern  branches  extend  into  our  district.  While 
most  of  them  are  dry,  others  contain  water  at  local  intervals.  The 
southwestern  corner  of  the  district  is  very  poorly  watered,  and  the  trav- 
eller must  depend  in  a  great  measure  upon  finding  springs  or  small 
alkaline  pools.  By  following  the  drainage-courses  the  latter  can  fre- 
quently be  found. 

DRAINAGE  SOUTH  OF  SWEETWATER  HILLS. 

Without  the  aid  of  an  accurate  map  it  becomes  an  exceedingly  diffi- 
cult task  to  convey  any  definite  idea  of  the  hydrological  conditions  of 
this  region.  Kb  well-developed  system  of  drainage  exists  there,  and 
the  distribution  of  elevations  and  depressions  varies  materially  from 
that  observed  in  other  portions  of  the  district.  The  continental  divide 
through  that  section  of  country  follows  a  line  about  east  45°  south. 
Accepting  that  position  and  direction  for  it,  it  is  determined  by  the 
heswlwaters  and  upper  drainage  of  Pacific,  Packer's,  and  Sulphur  Creeks. 
At  all  points  within  this  region  the  "backbone  of  the  continent n  is  so 
low  and  generally  obscure,  that  it  really  requires  careful  attention  to 
recognize  it.  Looking  eastward  from  any  point  of  this  divide  we  find 
the  streams  apparently  flowing  in  such  a  way  as  to  join  Atlantic  drain- 
age. Upon  examination,  however,  we  here  find  an  extensive  depression 
into  which  water  is  carried  from  both  east  and  west*  only  to  sink.  The 
shape  of  this  depression  is  approximately  oval,  ana  is  located  near  the 
one  hundred  and  eighth  meridian.  Although  scarcely  anything  but  dry 
washes  are  met  with  in  this  region,  it  contains  quite  a  number  of  lakes 
of  various  sizes.    Within  their  immediate  vicinity  small  creeks  may 
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sometimes  be  found,  owing  to  a  saturation  of  the  subsoil,  whereby  the 
water  is  enabled  to  remain  upon  the  surface.  Without  reliable  hypso- 
metric data,  it  is  scarcely  possible  to  recognize  the  character  of  this 
entire  region  unless  the  whole  of  it  has  been  seen.  Were  flowing  water 
contained  in  the  channels  that  now  appear  only  as  dry  gulches,  the 
recognition  of  the  characteristics  here  exhibited  would  be  somewhat 
facilitated. 

Considering  the  peculiar  position  of  this  basin;  between  the  drainage 
of  Green  River  and  that  of  the  Platte,  it  remains  rather  doubtful  on 
which  side  of  the  depression,  east  or  west,  the  continental  divide  should 
be  located.  Considering  that  the  western  drainage  is  perhaps  more 
pronounced  than  that  to  the  east,  I  have  given  preference  to  the  western 
rim  of  the  basin.  For  the  purpose  of  facilitating  subsequent  description 
1  shall  apply  to  this  extensive  "  sink  "  the  provisional  name  of  Shoshone 
Basin. 

LAKES  AND  SPRINGS. 

Lakes. 

Wind  River  Range. — On  the  eastern  slope  of  this  range  we  find  a  large 
number  of  lakes  within  the  granitic  area.  Most  of  them  are  small. 
Dependent  upon  their  position,  either  in  caftans  or  on  ridges,  they  are 
deep  or  shallow.  Perhaps  the  most  picturesque  one  that  we  met  with 
during  our  trip  through  that  region  is  the  one  upon  which  we  located 
our  thirty-seventh  camp  on  July  18.  Situated  at  the  lower  end  of  a 
wide  green  valley,  bordered  on  either  side  by  ridges  that  rise  above  tim- 
ber-line, this  lake  surpasses  in  beauty  of  surroundings  any  we  saw  on 
the  eastern  slope  of  the  range.  Its  elevation  is  about  10,000  feet  above 
sea-level.  Oame  and  the  striking  scenery  render  the  lake  a  most  desir- 
able place  for  camping  purposes.  In  order  to  commemorate,  to  some 
extent,  our  stay  of  two  days  at  that  locality,  and  to  give  expression  to 
our  appreciation  of  the  vicinity  I  have  given  this  sheet  of  water  a  name, 
Lake  Christina.  Surrounded  by  steep  rocks  and  dark  timber,  many 
of  the  smaller  lakes  appear  very  pretty.  The  western  slope  of  the  range 
does  not,  perhaps,  contain  so  many  lakes,  but  those  we  found  there 
were  very  characteristic.  Prominent  among  them  is  Barrels  Lake,  on 
the  Little  Sandy.  Apparently  surrounded  on  all  sides  by  precipitous, 
rocky  slopes,  this  body  of  water  is  completely  secluded,  well  hidden 
from  the  observation  of  the  casual  traveller.  Its  depth  seems  to  be  very 
considerable,  a  fact  which  is  indicated  both  by  the  character  of  its  shores 
east  and  west  and  by  the  measurements  some  fishermen  took  there. 
Higher  up  in  the  range,  and  farther  north,  are  many  small  glacial  lakes. 
They  have  been  either  formed  by  a  dam  composed  of  glacial  drift,  or 
they  occupy  shallow  depressions  produced  by  the  abrading  action  of 
the  moving  ice  and  its  accompanying  bowlders.  Surrounded  by  rocky 
slopes  and  scattering  timber  they  present  a  very  definite  character. 

Shoshone  Basin. — Within  the  area  forming  this  depression  a  large 
number  of  lakes  or  lake-beds  were  observed.  Usually  they  occur  in 
groups,  each  individual  lake  only  separated  by  a  short  distance  from 
the  other.  Prominent  among  them  is  one  that  we  name  Trail  Lake,  from 
the  proximity  of  the  Shoshone  and  Ute  trail.  It  is  about  a  mile  and  a 
half  long  and  half  a  mile  wide.  To  the  north  and  northwest  of  Trail 
Lake  there  are  quite  a  number  of  others,  furnishing  a  favorite  resort  for 
numerous  antelopes.  Farther  toward  the  east  is  another  series  of  lakes. 
This  was  discovered  by  Fremont  during  his  second  expedition  in  1843. 
It  is  located  nearly  due  south  of  Elkhorn  Gap,  about  25  miles  dis- 
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tant.  All  of  these  lakes  are  shallow  and  more  or  less  alkaline.  Dur- 
ing the  dry  season,  the  majority  of  them  dry  out,  leaving  white,  fre- 
quently soft,  alkaline  "fiats."  The  largest  lake  of  the  eastern  group  we 
have  named  Death  Jxike. 

Sweetwater  region. — In  the  vicinity  of  the  Sweetwater,  a  number  of 
lakes  may  be  found  during  the  wet  season.  Very  few  of  them  had  any 
water  at  the  time  wo  were  there.  As  the  river  is  so  near  by,  they  are  of 
little  importance  to  the  traveller.  Their  water  is  scarcely  fit  to  drink 
when  it  is  low,  and  its  existence  is  not  to  be  depended  upon  during  a 
large  portion  of  the  year.  Interesting  and  comparatively  well  known 
to  western  explorers  is  the  region  of  Agate  Lakes.  They  are  located  in 
the  immediate  vicinity  of  the  river,  north  of  it^  opposite  Elkhorn  Gap. 
At  that  locality  moss-agates  are  scattered  in  prolusion  over  the  soil, 
whence  the  name. 

Dispersed  throughout  the  entire  area  of  low  country  within  our  dis- 
trict we  find  isolated  lakes.  Unfortunately  they  are  mostly  dry  during 
the  summer,  but  early  in  the  season  their  presence  renders  travelling 
"across  country "  more  comfortable  than  after  the  beginning  of  the 
month  of  July.  In  the  sand-hills  south  of  Sandy  Creek  Pass  a  number 
of  small  lakes  were  found.  The  loose  material  has,  in  the  course  of  time, 
become  sufficiently  packed  to  resist  their  sinking. 

Spnngs. 

Cold  Springs. — Within  the  dry  region  south  of  the  Sweetwater  Hills 
the  existence  of  springs  is  often  an  item  of  personal  interest  to  the  trav- 
eller. It  is  scarcely  possible,  however,  to  furnish  any  rule  expressing 
the  conditions  under  which  they  there  make  their  appearance  Fre- 
quently they  occur  near  the  lakes,  and,  although  the  latter  may  be  dry, 
water  can  often  even  then  be  found  iu  the  springs.  An  unusually  green 
growth  of  vegetation  generally  indicates  their  presence.  Near  Mount 
Essex  we  found  a  spring  of  this  kind  at  the  southern  base  of  the  MIL 
At  the  foot  of  a  hill  upon  which  station  25  was  located,  a  spring  occurs 
amid  the  basaltic  rocks,  and  one  lower  down  in  a  small  meadow.  We 
named  the  former  Basalt  Spring.  On  the  road  from  Whiskey  Gap  to 
ltawlings,  BclVs  Spring  furnished  a  favorite  camping-place,  and  on  that 
from  Sandy  Creek  Pass  to  ltawlings  Brown/ s  Spring  answers  the  same 
purpose.  Cherokee  SpringSj  near  the  town,  supply  its  inhabitants  with 
water,  y  ot  unfrequontly  springs  may  be  found  along  the  borders  of  the 
u  sand-belt,"  which  extends  from  Packer's  Creek  to  the  Seminole  Mount- 
ains. 

On  the  steep  northward  slope  of  the  Sweetwater  Plateau  springs  are 
quite  numerous  in  the  narrow  gulches  which  furrow  its  face.  Usually 
they  are  of  considerable  strength,  and  send  their  water  a  short  distance 
as  small  creeks.  Within  the  Granite  Hills  springs  may  be  found  near 
the  bases  of  some  of  the  more  isolated  points.  During  the  hot  season 
the  majority  of  them  is  dry,  however. 

In  the  mountains  and  along  the  foot-hills  springs  are  of  frequent  occur- 
rence. Two  very  pretty  ones  were  found  at  Sheep  Mountain.  One  of 
them  was  located  on  the  south  side  of  the  mountain  in  the  canon  of 
Beaver  Creek.  Clear,  cold  water  issued  from  a  seam  in  strata  of  Car- 
boniferous limestones.  The  other  exists  at  the  northern  base  of  the 
same  mountain,  near  Twin  Creek. 

The  mud  springs  at  Death  Lake  may  be  mentioned  in  this  connection. 
Although  furnishing  no  drinkable  water  and  not  obeying  the  same  laws 
which  usually  govern  the  emission  of  water  upon  the  surface,  they  afford 
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a  most  interesting  subject  for  study.  In  subjoined  pages  their  character 
and  mode  of  appearance  will  be  more  fully  discussed. 

Two  springs  of  petroleum  occur  within  our  district,  one  on  the  Little 
Popo-Agie  below  the  junction  of  Twin  Creek,  and  the  other  near  Camp 
Brown. 

Hot  springs. — The  most  famous  hot  spring  we  met  with  during  the 
season  is  located  about  two  miles  distant  (west)  from  Camp  Brown.  It 
is  a  very  large  one,  of  oval  shape,  about  315  feet  in  length  and  250  feet 
in  width.  Its  average  depth  amounts  to  about  18  feet.  As  a  resort  for 
rheumatics  and  other  invalids  this  spring  is  quite  famous.  The  high 
temperature  of  its  water — 108°  F. — and  the  mineral  constituents  held  in 
solution  appear  to  exert  a  very  beneficial  influence.  The  second  hot 
spring  was  found  near  the  Beaver  Canon,  south  of  Sheep  Mountain.  It 
is  known  as  the  Hot  Sulphur  Spri7ig.  A  small  basin  existed  there,  en- 
larged but  very  little  by  human  hands,  and  the  warm  water  continually 
appeared  to  be  bubbling  up  into  it.  Sulphuretted  hydrogen  gas  caused 
the  bubbling  and  made  itself  decidedly  noticeable  in  the  entire  vicinity. 
We  found  the  temperature  of  this  spring  to  be  96°  F.  In  the  geological 
report  further  details  referring  to  these  occurrences  will  be  given. 

Mineralized  springs. — As  cold  mineralized  springs  we  may  regard  those 
containing  alkaline  water.  As  this  is  rather  the  rule,  however,  than  the 
exception  in  a  region  so  thoroughly  impregnated  as  tiiat  where  the  most 
important  springs  occur,  there  is  no  necessity  of  especially  enumerating 
them.  One  which  might  truly  be  called  a  mineralized  spring  was  found 
near  the  Hot  Sulphur.  Issuing  from  limestone  strata,  it  contained  con- 
siderable amounts  of  alkali,  ferric  compounds,  sulphur,  carbonic  acid,  and 
sulphuretted  hydrogen  gases. 

INDIANS. 

Within  our  district  lies  a  portion  of  the  reservation  ceded  to  the  East- 
ern bands  of  Shoshones  and  Bannocks  by  the  treaty  of  July  3, 18G8, 
and  June  23, 1874.  While  the  former  reserved  for  them  an  area  reach- 
ing southward  nearly  to  Camp  Stambaugh,  the  latter  restricts  their 
southern  boundary  to  within  about  C  miles  south  of  Camp  Brown.  Their 
agency  is  located  about  4  miles  from  the  post.  Annually  the  White 
River  Utes  make  a  hunting  and  trading  trip  northward  to  their  allies, 
the  Shoshones.  They  travel  by  what  is  known  as  the  Ute  trail,  which 
leads  northward  in  the  vicinity  of  Washakie  Station  and  passes  Trail 
Lake.  Bands  of  the  northern  hostile  Indians  sometimes  travel  up  Beaver 
Creek,  and  in  several  instances,  three  and  four  years  ago,  have  interfered 
with  the  settlers  of  the  Popo-Agies.  Seminole  and  the  eastern  end  of 
Sweetwater  Hills  were  formerly  favorite  hunting-grounds,  but  of  late 
years  the  Indians,  Cheyennes,  Arapahoes,  and  Sioux  have  not  been 
regular  in  their  annual  expeditions  to  these  localities. 

During  the  summer  we  met  with  a  number  of  the  Shoshones  or  Snakes. 
They  stand  in  tribal  relationship  with  the  Northern  or  White  Biver  Utes. 
For  a  long  time  they  have  behaved  very  well,  retaining  friendship  with 
the  whites  and  rendering  efficient  service  in  doing  scouting  duty  to 
military  expeditions.  In  General  Crook's  last  campaign  they  have  dis- 
tinguished themselves  by  their  fidelity  and  attachment  to  the  white  men 
commanding  them.  The  venerable  Wash-a-kie,  their  head  chief,  has  been 
a  staunch  friend  of  white  men  for  many  years.  To  his  wise  counsel  and 
the  influence  he  exerts  over  the  bands  composing  the  Shoshone  tribe  is 
due,  in  a  great  measure,  the  friendly  footing  which  has  been  maintained 
between  them  and  the  neighboring  wliite  settlers. 

In  physical  appearance  and  dress  the  Shoshones  seem  to  be  superior 
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to  their  friends  the  White  River  Utes.  They  have  clung  more  tena- 
ciously to  their  typical  mode  of  clothing  themselves,  and  weir  weapons 
are  more  characteristically  Indian.  Tomahawks — manufactured  in  Con- 
necticut— are  frequently  seen  among  them,  while  the  Southern  Indian 
has  almost  entirely  discarded  this  weapon  of  offense.  Bows  and  arrows 
they  often  carry,  besides  rifles,  with  which  they  are  well  supplied.  About 
their  habits  little  can  be  said;  they  differ  but  slightly  from  those  of  other 
Indians,  and  arc,  as  usual,  greatly  modified  by  the  imitation  of  and 
proximity  to  white  men.  Their  religious  exercises  and  beliefs  are  strictly 
carried  out  and  carefully  guarded  from  the  knowledge  of  white  men.  It 
is  "bad  medicine"  to  allow  them  to  become  common  property,  and  many 
a  superstitious  fancy  is  connected  with  the  fear  of  the  evil  that  a  pos- 
session of  their  knowledge  by  whites  would  bring  the  Indians. 

SETTLEMENTS. 

A  numer  of  settlements  occur  within  the  district  we  surveyed.  They 
were  organized  within  the  past  12  years,  and  owe  their  origin  to  various 
pursuits.  Mining  and  agriculture  have  attracted  the  largest  proportion 
of  settlers,  while  hunting  and  the  establishment  of  stage  lines  has  been 
productive  of  isolated  habitations. 

Mining  settlements. — The  settlements  produced  by  the  prosecution  of 
mining  industries  are  located  in  the  vicinity  of  Camp  Stambaugh.  South 
Pass  City,  0  miles  southwest  of  the  post,  was  started  in  18C7,  and  during 
the  early  mining  excitement  of  that  region  a  large  number  of  houses 
were  built.  The  town  is  located  in  a  narrow  gulch  on  Willow  Creek,  a 
tributary  of  the  Sweetwater.  Since  the  mines  have  largely  been  aban- 
doned the  inhabitants  have  gradually  left  there,  seeking  localities  where 
either  labor  or  merchandise  were  in  greater  demand.  At  present  the 
place  looks  very  much  deserted.  A  few  stores,  two  hotels,  and  a  small 
number  of  dwellings  unoccupied  comprise  the  city.  Atlantic  City,  two 
miles  from  Camp  Stambaugh,  was  started  at  the  same  time  as  bouth 
Pass.  It  had  reached  a  smaller  development,  however,  and,  owing  to 
the  vicinity  of  the  post,  it  has  suffered  less.  In  case  the  mining  pros- 
pects should  become  brighter,  both  of  these  towns  may  rapidly  increase 
again.  North  of  the  post  is  Miner's  Delight,  a  small  mining  town  located 
on  a  tributary  of  Twin  Creek.  Mining  is  still  carried  on  there  to  a  small 
extent,  but  the  first  flush  of  success  is  over.  The  location  of  this  place 
is  very  pretty,  high  up  in  the  lower  foot-hills,  commanding  a  fine  view 
both  to  the  north  and  east.  All  of  these  three  places  are  on  the  stage 
line  from  Bryan's  Station  on  the  Union  Pacific  Railroad  to  Camp  Brown. 

Agricultural  settlements. — Following  from  Miner's  Delight  the  stage- 
road  northward  we  first  reached  Red  Canon.  Here  some  farming  is  done 
on  Tweed's  ranch.  From  there  we  reach  the  Little  Popo-Agie.  A  "  gar- 
den" established  by  Cam])  Stambaugh,  Paris'  ranch,  and  Murphy's 
ranch  occupy  the  narrow  but  fertile  valley  of  this  stream.  They  ex- 
tend downward  to  the  j miction  of  Twin  Creek.  To  the  southward  we 
find  a  ranch  located  on  the  Coltonwood,  a  branch  of  Twin  Creek.  Con- 
tinuing on  the  stage-road  for  twelve  miles  from  Murphy's  ranch  wo  reach 
Lander's  City.  This  town  is  established  near  the  point  where  Old  Camp 
Brown  was  formerly  located,  on  the  Popo-Agie.  Extensive  farms  are 
worked  here,  and  a  bountiful  supply  of  timber,  for  various  purposes,  is 
obtained  from  the  neighboring  foot-hills  of  the  Wind  River  Range.  The 
farms  are  in  a  flourishing  condition  and  bid  fair  to  prove  a  good  invest- 
ment of  the  labor  bestowed  upon  them.  On  the  North  Fork  and  on  the 
Little  Wind  River,  below  Camp  Brown,  arc  a  number  of  ranches.    On 
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Sandy  Creek?  in  the  Seminole  Mountains,  the  beautiM  valley  of  that 
stream  is  utilized,  in  part,  for  farming  purposes.  Hay  is  cut  at  a  num- 
ber of  localities  for  supplying  the  demand  created  by  the  existence  of 
the  military  posts,  and  for  shipment  to  the  railroad.  In  the  small  valleys 
of  the  foot-hills  near  the  southern  termination  of  the  Wind  River  Range 
good  hay  is  found,  more  especially  on  the  Sweetwater  drainage.  In  some 
of  the  valleys  on  the  northern  slope  of  the  Sweetwater  Hills,  west  of 
Whisky  Gap,  hay  is  obtained,  and  also  in  the  meadows  of  Sandy  Creek 
Valley.  Near  the  lakes  within  the  sand-hills  south  of  the  Seminole  Hills 
grass  grows  in  great  abundance,  and  is  cut.  The  Rhort  distance  from 
there  to  Rawlings,  about  42  miles,  renders  that  region  very  eligible  for 
such  purposes.  Much  more  could  be  obtained,  if  the  demand  warranted 
the  transportation,  along  the  Sweetwater  River.  On  the  Wind  River 
drainage  it  is  cut  to  supply  the  stock  of  the  settlers  and  Camp  Brown. 
Timber  is  obtained  in  good  quality  and  large  quantities  from  the  foot-hills 
of  the  Wind  River  Range.  From  convenient  points  there  it  is  either 
floated  down  in  the  streams  or  carried  by  axle.  If  the  population  of 
this  section  of  country  should  increase,  the  region  of  the  Popo-Agie  and 
of  its  tributaries  would  be  able  to  supply  the  demand  of  farming-products 
for  a  long  time.  Climate  and  soil  are  both  favorable^  and  it  requires  but 
the  industrious  hand  of  man  to  prepare  the  latter  in  such  a  way  as  to 
yield  him  its  tribute. 

Stage  stations. — Along  the  Sweetwater  we  find  the  ruins  of  the  old  over- 
land stage-route.  At  present  the  road  is  almost  entirely  deserted,  and 
notliing  now  remains  but  a  few  walls?  stumps  of  telegraph-poles,  and 
some  wire.  The  only  mail-route  now  in  active  daily  operation  within 
our  district  is  that  from  Bryan  Station,  on  the  Union  Pacific  Railroad, 
to  Camp  Brown.  On  the  Big  Sandy  there  is  the  first  station,  on  the  Dry 
Sandy  the  second,  and  the  third  at  Pacific  Springs.  From  there  the 
stage-road  passes  through  South  Pass  and  Atlantic  cities,  Camp  Stam- 
baugh, and  Miner's  Delight.  Beyond  that  town  the  next  stage  station 
is  at  Murphy's  ranch  on  the  Little  Popo-Agie,  and  the  last  one  before 
reaching  Camp  Brown  is  at  the  Landers  City  settlement.  Stages  leave 
Bryan  daily.  Between  Rawlings  Springs  and  the  settlement  on  Sandy 
Creek  a  riding  mail  has  been  established,  making  the  trip,  over  50  miles, 
in  one  day. 

Hunting  camps. — Permanent  hunting  camps  for  the  season  are  found 
mainly  on  the  northern  slope  of  the  Seminole  Hills.  They  are  but  few 
in  nnmber,  however.  Fishing  and  hunting  is  professionally  followed  on 
the  western  slope  of  the  Wind  River  Range  during  certain  seasons  of 
the  year. 

MEANS  OP  COMMUNICATION. 

Wagon-roads. 

North  and  south. — The  most  prominent  wagon-road  in  our  district  is 
that  running  from  Bryan  Station  to  Camp  Stambaugh.  It  is  used  daily 
by  the  stage,  and  all  freight  for  the  settlements  passes  over  it.  Emi- 
grants to  the  Bighorn  Mountains  utilize  this  road  as  the  easiest  and 
shortest  from  certain  regions.  Passing  all  the  towns  of  the  mining  and 
agricultural  regions,  it  is  a  road  of  great  importance.  Grades  are  easy 
and  the  road-bed  is  in  good  condition.  A  branch  separates  a  short  dis- 
tance north  of  the  Big  Sandy  Station,  and  following  a  southwesterly 
direction  leads  to  Fort  Bridger. 

From  Camp  Stambaugh  an  old  wagon-road,  scarcely  ever  used  at 
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present,  passes  through  the  bluff  country.  It  follows  a  southward  course 
and  reaches  Point  of  Rocks.  On  some  maps  it  is  designated  as  the 
"  proposed  route."  West  of  it  is  a  very  old  road,  deeply  worn  down  into 
the  soil,  which  leaves  the  Sweetwater  Biver  and  reaches  Fort  Bridger. 
This  is  now  entirely  superseded  by  the  stage-road.  A  number  of  short 
cross-roads,  running  into  the  others  at  acute  angles,  form  connections 
between  them. 
East  of  Elkhorn  Gap  a  road  leaves  the  Sweetwater,  gradually  ap- 

f>roaches  the  hills,  and  turns  southward  through  Whisky  Gap.  It  "fol- 
ows  along  Muddy  Creek  for  some  distance?  and  finally  reaches  Bawlings 
Springs.  On  the  way  it  passes  Bell's  Springs.  Starting  also  from  the 
Sweetwater,  near  Bock  Independence,  a  road  leads  through  Sandy 
Creek  Valley,  crosses  over  the  pass,  and  enters  the  sand-hills.  Betaining 
for  some  distance  a  southerly  course,  the  road  emerges  from  the  sand 
and  passes  through  the  alkaline  country  in  a  direction  a  little  west  of 
south.  Passing  Brown's  Spring,  it  finally  reaches  Bawlings.  These  are 
the  main  routes  of  communication  within  our  district  having  a  north  and 
south  course. 

East  and  west — Near  Washakie  Station  an  old  road  is  crossed  by  the 
railroad.  From  that  point  it  follows  a  northwesterly  course  until  it 
reaches  a  comparatively  easy  country.  Then  it  strikes  westward,  finally 
reaching  Green  Biver  and  crossing  over  to  Bryan  Station.  This  road  is 
designated  on  maps  as  the  "old  overland  mail-route,"  or  as  "Evans*  old 
route.'7  Wherever  we  found  the  road  it  was  still  plainly  discernible, 
although  only  very  rarely  used.  More  important,  perhaps,  than  this 
road  is  that  along  the  Sweetwater  Biver.  Followed  for  a  long  number 
of  years  by  emigrants,  the  road  is  still  more  or  less  in  use.  We  reached  the 
eastern  terminus  of  our  district  on  this  road.  From  there  westward  it  con- 
tinues nearly  always  in  the  immediate  vicinity  of  the  river,  leaving  it  in  a 
few  instances  for  a  short  distance.  From  Bock  Independence  it  follows 
up-stream  on  the  south  side  of  the  river.  Passing  the  Devil's  Gate;  it 
remains  on  the  same  side.  After  leaving  the  ruins  of  the  stage-station 
at  the  Three  Crossings,  it  remains  on  the  north  side  of  the  Sweetwater, 
but  soon  crosses  over  to  the  south  again.  At  that  locality  the  river 
makes  a  northward  bend,  while  the  road,  leaving  it,  keeps  ahead  in  a 
straight  hue.  At  Saint  Mary's  Station  it  again  is  found  in  the  river 
valley.  Continuing  westward,  on  the  north  side  of  the  Sweetwater,  the 
road  forks  beyond  its  crossing  of  Bock  Creek.  One  of  the  branches 
keeps  along  the  base  of  the  Wind  Biver  Mountains  at  first,  but  gradu- 
ally leaves  it,  however.  The  other  follows  a  course  south  of  west,  lead- 
ing through  the  low  bluff  country.  Of  these  the  latter  is  known  as  the 
"old  emigrant  road "  or  "  Oregon  trail,"  while  the  former  is  known  as 
the  "new  emigrant  road."  Both  of  them  cross,  successively,  the  Sweet- 
Mater  Biver,  South  Bass,  and  the  various  branches  of  the  Big  Sandy. 
Fremont,  during  his  expedition  of  1842,  traveled  for  some  distance  along 
the  new  road,  and  later  took  the  old  one.  Near  the  settlements  numer- 
ous local  roads  are  found,  connecting  either  with  habitations  or  are  util- 
ized as  hay -roads  and  wood-roads. 

We  find,  from  this  arrangement  of  traveling  routes,  that  our  district 
is  traversed  from  north  to  south  by  three  good  roads.  The  most  west- 
erly one  of  these  follows  apx>roximately  along  from  west  longitude  108° 
40'  to  109°  40' ;  the  middle  one  is  nearly  on  longitude  108°  45' ;  and  the 
eastern  one  near  west  longitude  107°  25'.  From  east  to  west  it  is  tra- 
versed by  two  roads,  the  nothern  one  following  along  north  latitude  42° 
30',  and  the  southern  one  near  latitude  41°  50'. 
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Trails. 

Comparatively  few  trails  are  found  within  our  district.  Perhaps  the 
most  important  for  extensive  travel  is  that  known  as  the  "  Ute  traiL" 
Passing  the  railroad  near  Washakie  Station,  it  follows  a  direction  west 
of  north.  Leading  through  the  low,  dry  country,  it  strikes  the  group  of 
lakes  of  which  Trail  Lake  is  the  largest.  From  there  it  continues  its 
course,  although  much  obliterated,  to  Camp  Brown.  As  the  wagon-roads 
frequently  follow  the  same  route  formerly  taken  by  the  trail  only,  it  now 
appears  at  several  places  as  u  cut-offs."  It  is  used  a  good  deal  by  the 
Indians,  who  pass  over  it  while  making  their  visits  to  each  other.  With- 
in the  low  country  we  find  a  few  short  trails  leading  up  canons  or  cross- 
ing some  of  the  ridges.  Although  of  some  assistance  in  riding  through 
the  region,  they  ore  of  no  further  importance.  Along  the  northern  slope 
of  the  Sweetwater  Hills  there  are  some  isolated  hunting-trails.  The 
wagon  roads  of  that  vicinity  are  so  old,  that  they  have  been  utilized  to 
the  utter  neglect  and  consequent  obliteration  of  the  trails  that  may  have 
existed  there.  A  good  trail  is  found  following  down  Beaver  Creek.  It 
appears  to  be  a  branch  of  that  leading  from  Washakie  to  Camp  Brown. 
Several  ramifications  pass  through  the  canons  of  the  Sheep  Mountain 
region.  Important  to  the  Indians,  although  rarely  used  by  white  men, 
is  the  trail  crossing  the  Wind  River  Range.  Coming  from  the  west  it 
reaches  the  mountains  near  the  exit  of  Muddy  Creek.  Following  along 
a  canon  to  the  northwest  of  this  stream  it  finally  reaches  timber-line,  at 
the  base  of  a  peak  which  we  have  named  Temple  Peak  Again  descend- 
ing, it  crosses  the  Muddy.  Winding  along  the  rugged  hills  it  once  more 
emerges  from  the  timber  and  crosses  the  continental  divide  at  an  eleva- 
tion of  about  11,600  feet  above  sea-level.  From  there  it  descends  rapidly 
and  leads  to  the  agency  near  Camp  Brown.  This  pass  is  known  by  the 
name  of  "  Shoshone  Trail  Pass."  So  far  as  our  observations  extend,  it 
is  the  most  southerly  practicable  pass  across  the  continental  divide  for 
the  distance  that  this  is  formed  by  the  Wind  River  Range. 

VEGETATION. 

With  the  topography  of  our  district  varies  its  vegetation.  It  is  not 
my  intention  to  present  a  synopsis  of  all  the  plants  occurring  in  the  re- 
gions we  have  traversed,  but  merely  to  indicate  the  most  prominent 
forms  there  exhibited  by  the  flora.  For  comprehensive  information 
upon  this  subiect  I  refer  the  reader  to  Fremont's  Report,  1845,  and  to 
the  Beport  of  Dr.  Hayden,  1870. 

In  the  Wind  River  Range,  at  the  highest  point  reached  by  timber  we 
find  the  characteristic  pine  which  grows  at  this  elevation.  Within  the 
mountains  spruce  trees  (Abies  menzinii)  and  lirs  (Abies  stibalpina)  com- 
pose the  main  portion  of  the  timber.  As  we  descend,  we  meet  with  the 
yellow  pine  (Pinus  ponderosa),  which  forms  very  pretty  groves.  At  the 
same  elevation  we  find  quaking  asp  (Populus  tremuloidcx).  On  some  of 
the  ridges,  and  along  caiions  that  contain  a  good  deal  of  moisture,  thevse 
trees  reach  a  very  considerable  height.  Their  light-green  foliage  and  the 
white  trunks  present  a  very  pretty  appearance.  On  the  lower,  outlying 
bluffs  Pinvs  contarta  occurs  frequently.  As  we  descend  from  the  foot- 
hills the  character  of  the  vegetation  changes.  The  creeks  are  densely 
fringed  with  willow-brush  (Mali*  nigra),  which,  together  with  quaking 
asp,  furnishes  desirable  food  for  beavers.  Reaching  the  bluff  country 
we  find  sage-brush  (Artemisia  tridentata)  very  prevalent.  Its  appear- 
ance usually  indicates  a  dry,  sandy  region.    On  some  of  the  bluffs  of  the 
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lower  country  we  find  piiions  (Pinus  e&ulis)  and  cedars  (Juniperus  vir- 
ginianus).    In  the  hills  near  Sheep  Mountain  we  observe  the  same  trees* 

{)rominent  among  them  the  white  pine  (Abies  Engelmanni).  All  thai 
ow  country  lying  east  of  the  Wind  River  Mountains  and  north  of  the 
Sweetwater  Plateau  contains  sage-brush  and  cactus  (Opuntia).  On  the 
bluffs  cedars  and  piilons  are  very  prominent.  Cottonwood  trees  (Popu- 
lus  balsami/era)  line  the  rivers  or  streams,  and  grease-wood  (Sarcobatus 
vermieulatus)  is  mixed  with  sage-brush.  On  the  Sweetwater  Plateau  but 
very  little  timber  occurs,  excepting  on  its  northern  slope.  There  pines 
and  quaking  asp  are  found  in  the  gulches,  while  sage  covers  the  inter- 
vening ridges.  On  the  southern  slope  of  tne  plateau  bunch-grass  (Erio- 
c&ma  cuspidata)  is  abundant,  affording  good  feed  for  the  animals.  Along 
Sweetwater  River  there  is  but  little  timber,  consisting  of  cottonwood  and 
some  spruce  higher  up.  Willow-brush,  growing  quite  high,  lines  the 
river.  In  the  granite  hills  we  find  scarcely  any  timber,  only  a  few  pines. 
Although  the  elevations  at  a  number  of  points  in  the  regions  mentioned 
were  often  quite  low,  we  met  with  no  wild  fruit  except  service-berries 
(Amelanchier  alnifolia).  On  Sandy  Creek  we  found  large  quantities  of 
yellow  currants  (Ribes  aureum)  and  some  black  ones  (R.  floridum). 
Gooseberries  (Ribes  hirtellum)  occur  at  several  localities,  but  do  not 
ripen  until  late  in  the  season.  Both  the  Seminole  and  Sweetwater  hills 
are  well  timbered  with  spruce  and  pine.  Cottonwood  and  asp  are  found 
in  the  gulches  and  low  valleys  existing  in  the  hills. 

Very  little  variation  is  observed  in  the  vegetation  of  the  low  country 
south  of  these  hills.  Sage-brush  occupies  the  most  prominent  place, 
growing  frequently  to  very  large  size.  Cedars  appear  occasionally  on 
the  bluffs,  and  near  some  springs  we  found  quaking  asp.  Prickly  pears 
and  round  cacti  (Eehinocactus)  render  travelling  rather  unpleasant  at 
some  localities  within  this  region. 

Good  timber  can  be  obtained  from  the  foot-hills  of  the  Wind  Biver 
Range  on  its  eastern  side,  or  along  its  western  slope.  Within  the  Sheep 
Mountain  Group  there  is  a  plentiful  supply,  but  transportation  from 
there  becomes  difficult.  Both  in  the  Sweetwater  and  Seminole  Hills 
timber  is  abundant,  and  the  configuration  of  the  country  is  such  that  its 
removal  is  not  seriously  impeded.  In  the  Granite  Hills  the  few  trees 
there  existing  are  generally  stunted,  but  for  building  purposes  would 
answer  tolerably  well.  No  available  timber  exists  in  the  low  country 
south  of  the  Sweetwater  Hills  or  in  that  north  of  the  Sweetwater  Plateau. 
No  inducements  are  there  offered  to  'settlers,  however,  by  the  character 
of  the  country,  and  it  is  not  likely  that  a  demand  for  timber  will  arise. 
Light  timber  can  be  obtained  from  the  lower  portions  of  the  Wind  River 
ibot-hills  and  along  a  number  of  streams  in  that  section  of  country. 

GAME. 

Game  is  abundant  in  the  district  wliich  we  surveyed.  From  June  12 
to  the  end  of  the  season  we  were  never  without  fresh  meat,  although  we 
made  no  especial  efforts  to  obtain  it,  but  merely  shot  the  game  when  we 
happened  to  meet  it.  Each  different  type  of  country  is  inhabited  by 
different  animals )  and  our  food  was  varied,  therefore,  in  accordance  with 
the  character  of  the  country  through  which  we  travelled.  Buffalo,  the 
largest  North  American  mammal  (Bison  americanus),  were  found  at 
two  localities.  On  the  Little  Sandy  we  met  a  solitary  old  bull,  who  had 
for  some  time  evidently  regarded  that  region  as  his  private  stamping- 
ground.  On  the  Sweetwater  Hills  we  saw  quite  a  number  of  these 
animals.    During  September  and  October,  sometimes  a  little  earlier,  they 
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pass  there  on  their  way  southward.  During  the  time  we  were  there 
(September  7)  the  largest,  band  seen  amounted  to  alwut  70  head.  Elk 
\Elaphus  canadensis)  occur  both  on  the  eastern  and  western  slope  of  the 
Wind  River  Range.  Again,  some  were  seen  near  Sheep  Mountain.  Gen- 
erally they  run  in  bands,  numbering,  during  the  summer,  from  10  to  CO 
animals.  Later  in  the  season  they  collect  together,  forming  large  herds. 
By  that  time  the  calves  are  strong  enough  to  travel  with  the  others. 
On  the  Sweetwater,  above  the  Three  Crossings,  some  wore  met  with. 
Throughout  the  Sweetwater  Hills,  they  can  be  found  dming  the  entire 
year.  In  fell  and  winter  they  are  very  abundant  there,  as  well  as  at 
the  small  groups  of  lakes  farther  south  during  the  latter  season.  East 
of  Sweetwater  Gap  we  saw  a  single  herd  containing  over  400  elk.  At 
that  time  they  had  just  begun  to  come  south.  Hunters  state  that  herds 
of  several  thousand  can  be  found  in  this  region  during  the  winter. 
Black-tail  deer  (Cariacus  macrotis)  are  found  throughout  nearly  all  the 
mountains  and  lulls.  On  the  western  slope  of  the  Wmd  River  Range 
they  are  plentiftd.  On  the  northern  face  of  Sweetwater  Plateau,  and  in 
the  hills  near  Sheep  Mountain,  they  can  usually  be  found  in  small 
gulches  containing  quhking  asp ;  lying  quietly  in  the  shade  during  the 
heat  of  the  day,  they  come  out  of  their  shelter  morning  and  evening. 
Along  the  Sweetwater  and  Seminole  Hills,  wherever  these  are  timbered, 
black-tail  are  quite  abundant.  White-tail  deer  (Cariacus  rirginiamis) 
are  rare  in  our  district,  and  were  seen  only  once,  about  8  miles  to  the 
southwest  of  Mount  Essex.  Sage-brush  occurred  there  of  gigantic  size, 
mingling  with  scattered  cedars;  and  the  deer  were  found  in  these. 
Mountain  sheep  (Ovis  montamt)  were  found  at  several  localities.  They 
▼ere  met  with  on  the  eastern  slope  of  the  Wind  River  Range,  above 
timber-line.  At  the  base  of  Stambaugh  Peak,  at  timber-line,  we  struck 
a  band  of  more  than  100  sheep.  Some  that  were  there  shot  (July  25) 
showed  an  exterior  coat  of  fine,  light-gray  wool,  about  half  an  inch  in  thick- 
ness. At  that  time  they  were  shedding  this  wool.  On  Sheep  Mountain 
and  in  the  Granite  Hills  a  few  sheep  wen*  seen.  Antelopes  (Aniilocapra 
smericana)  are  by  far  more  numerous  than  any  other  kind  of  game. 
Dining  the  season  we  saw,  probably,  at  a  low  estimate,  8,000  of  them. 
In  June  and  JiUy  they  are  shy,  and  good  shots  cannot  l>e  obtained  with- 
rnit  using  considerable  precaution.  Later  in  the  season  they  become 
bolder  and  congregate  in  large  herds.  Bands  numbering  several  hun- 
dred may  frequently  be  seen.  The  greatest  numbers  of  these  animals 
re  found  near  the  lakes  of  the  Shoshone  Basin,  on  both  sides  of  the 
8weetwater  and  Seminole  Hills,  and  on  Sweetwater  River.  In  August 
and  September  they  are  easily  shot,  owing  to  their  investigating  turn  of 
mind,  wliich  causes  them  often  to  approach  a  strange  object  within  a 
short  distance. 

In  the  Wind  River  Range  we  found  a  number  of  the  mountain  rabbits 
(Lepit*  americamiSj  var.  bairdii).  This  is  the  prettiest  rabbit  of  the  West, 
and  the  best  one  for  culinary  purposes.  During  the  summer  it  is  of  a 
dark  grayish-brown  color,  light  yellow  underneath,  but  in  winter  turns 
white.  Jack  rabbits  (Leptus  campcstris)  occur  wherever  sage-brash  is 
found.  Their  long  ears  and  peculiar,  jumping  run  render  them  a  very 
ludicrous  Bight.  Cotton-tail  rabbits  (Lepus  sylvaticus,  var.  nuttalU)  are 
very  frequent  in  the  bluffs  adjoining  rivers  and  streams.  Even  a  long 
distance  from  water,  however,  they  may  be  found.  Then*  meat  has  an 
insipid  taste. 

In  the  mountains  and  some  of  the  foot-hills,  the  blue  grouse  (Tetrao 
obseurus)  form  an  important  portion  of  the  game.  During  the  fall  their 
meat  is  better  than  that  of  any  other  game  bird.    Lower  down,  along 
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creeks  and  streams,  we  find  the  willow-grouse  (Lagopus  leitcurus),  often 
occurring  in  large  flocks.  Sage-fowl  (Centrocercus  urophasianus)  are 
exceedingly  numerous  in  the  sage-brush  country.  Dependent  upon  a 
water  supply,  however,  they  rarely  travel  far  from  either  springs,  lakes, 
or  water-courses.  We  saw  flocks,  more  particularly  on  the  drainage  or 
the  Big  Sandy,  that  numbered  over  100  birds.  Owing  to  their  food, 
buds  and  leaves  of  sage,  the  meat  of  this  fowl  is  frequently  bitter. 
Prairie-chickens  (Pcdivcccics  phasianellusj  var.  columbianus)  occur  spar- 
ingly in  some  of  the  grassy  meadows  on  the  Sweetwater.  Wild  gees© 
(l>ranta  canadensis)  were  found  in  large  numbers  on  the  lakes  of  the 
Shoshonce  basin,  and  on"  those  occurring  in  the  sand-hills  south  of  the 
Seminole  Hills.  In  one  instance  we  saw  them  high  up  in  the  mountains, 
near  the  Shoshonee  trail.  Together  witli  them  we  usually  observed 
large  numbers  of  gray  ducks  (Chaulelasmus  streperns)  and  of  "red- 
heads'1 (Fuligula  fcrina.  var.  americana).  Diver-ducks  ( MerguSj  sp.)  and 
coots  (Fulica  americana)  generally  occur  with  them.  Along  the  shores 
of  the  lakes  we  may  see  great  nunilicrs  of  various  sand-pipers  (Tringa 
spp.).  Occasionally  a  heron  makes  its  appearance.  On  the  Sweetwater 
many  ducks  and  some  geese  are  found. 

A  few  other  animals,  not  exactly  ranking  as  game,  may  be  seen  in 
considerable  numbers  in  our  district.  Prominent  among  these  is  the 
grizzly  l>ear  ( Ur*m  horribilw).  In  the  Wind  River  Mountains  we  saw  two 
specimens,  and  one  in  the  Seminole  hills.  We  never  had  occasion  to  verify 
their  reputation  for  ferocity,  finding  that  after  the  first  shot  they  gener- 
ally ran  away.  Squirrels,  both  red  and  gray,  are  found  in  the  timber. 
Porcupines  (Erethizon  epixanthus)  were  often  met  with  on  the  western  as 
well  as  eastern  slope  of  the  range.  We  noticed  that  they  reached  up 
nearly  to  timber-line.  Ground-hogs  or  rock-dogs  (Arctomys  flaviventris) 
reach  from  the  lower  foot-hills  to  some  distance  above  timber-line.  Their 
shrill,  penetrating  call  can  be  heard  for  a  long  distance,  but  it  requires 
careful  and  patient  watching  to  get  a  good  shot  at  them.  Brown  mar- 
tens (Mnstela  americana)  have  their  habitations  near  pine  and  spruce 
timber,  but  are  difficult  to  shoot.  Above  timber-line  we  find  largo  num- 
bers of  the  little  marmot  (Lagomys  prineeps).  Rendered  very  tame  by 
their  seclusion,  they  often  crawl  out  of  their  rocky  homes  and  attentively 
watch  the  unusual  operations  performed  by  a  'surveying  party  within 
their  domains.  They  are  exceedingly  graceful  little  creatures,  and  their 
squeaking  chirrup  is  the  only  sound  heard  at  very  high  altitudes, 
Witliin  the  mountains  we  find,  rarely,  the  red  fox  (VuJpes  fulvus,  var. 
macrurus).  Shy  and  wary,  he  easily  evades  the  hunter,  and  must  be 
trapped.  Among  the  foot-hills  of  the  range,  and  in  the  Sweetwater 
hills,  beaver  (Cantor  canadensis)  are  numerous.  Their  dams  and  the 
work  they  perform  on  trees  and  shrubbery  in  the  vicinity  of  their  hab- 
itations is  almost  the  only  evidence  of  their  existence  that  is  ever  seen 
by  the  traveler.  It  is  an  exceedingly  rare  occurrence  to  see  a  beaver 
during  day-time.  In  the  foot-hills,  particularly  in  meadows,  skunks 
(Mephitis  mephitica)  arc  sometimes  met  with.  Their  presence  is  not 
desirable,  although  the  animal  is  a  very  pretty  one.  Wolves  (Canis 
occidental  is)  are  said  to  occur  in  the  same  regions,  but  we  saw  none  of 
them  during  the  summer. 

Descending  into  the  lower  country  wo  find  an  abundance  of  prairie 
wolves,  or  coyotes  (Cani*  latraiui).  Following  the  herds  of  antelope  and 
buffalo  they  catch  the  sick  members  thereof,  thus  eking  out  an  existence 
of  questionable  happiness.  They  are  rarely  seen  except  where  game  ifl 
in  the  neighborhood.  Badgers  ( Taxidea  americana)  are  frequently  found 
along  the  streams  of  the  low  country,  living  in  more  or  less  extensive 
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colonies.  They  are  very  hard  to  kill,  and  "show  fight"  to  their  last 
breath.  The  red  fox  was  observed  a  number  of  times  on  Sweetwater 
River,  watching  for  young  sage-hens.  Black  martens,  or  fishers  (Mus- 
tela  pennanti),  were  seen  on  the  same  stream.  Typical  for  the  low,  sandy 
country,  and  its  accompanying  sage-brush  and  cactus,  are  the  prairie 
dogs  (Cynomys  ludovicianu$)7  replaced  in  similar  resorts  in  the  mount- 
ains by  the  distinct  C  columbianus.  Living  in  more  or  less  extensive 
settlements,  both  these  animals  always  appear  to  be  busy  running  from 
one  hole  to  another.  A  small  brown  owl  (Speotyto  cunicularia  var.  hypo- 
0<wi)  lives  in  the  same  settlement  with  them  and  appropriates  such  holes 
as  have  been  abandoned.  In  the  same  regions  wo  find  many  specimens 
of  the  little  striped  and  spotted  gopher  (Spermophilus  13-lineatm),  a  most 
graceful  animal.  Less  agreeable  to  the  traveler  is  the  rattlesnake  (Cro- 
talus  confluentus),  which  occurs  often  in  very  large  numbers  in  these  dry 
localities. 

Sand-hill  cranes  (Orus  canadensis)  and  a  few  specimens  of  the  blue 
heron  {Ardea  herodias)  were  seen  on  the  Sweetwater  River.  They  are 
exceedingly  shy,  and  it  requires  patient  labor  to  get  within  good  rifle- 
shot of  them. 


CHAPTER  II. 


GEOLOGY  OP  THE  WIND  KIVER  RANGE  AND  COUNTRY 

EASTWARD. 

WIND  RIVER  RANGE. 

As  a  portion  of  the  Rocky  Mountain  system,  the  Wind  River  Range 
occupies  an  important  position.  Separating  the  drainages  of  large  riv- 
ers, and  forming,  as  it  does,  the  continental  divide  for  some  distance,  it  is 
one  of  the  key-points  to  the  proper  interpretation  of  our  early  geographi- 
cal evolution.  No  question,  perhaps,  pertaining  to  the  broad  views  en- 
gendered by  the  accumulating  knowledge  of  our  West,  is  more  important, 
more  fraught  with  interest,  than  that  bearing  upon  the  geological  age  of 
the  Rocky  Mountains.  Until  the  entire  system  is  fully  known,  until  the 
results  of  careful  explorations  are  available,  we  are  forced  to  base  our 
hypotheses  upon  this  subject  on  disconnected,  necessarily  incomplete, 
evidence.  Few  of  the  ranges  composing  the  central  chain  of  the  Rocky 
Mountains  afford  so  remunerative  a  field  for  study  as  that  of  the  Wind 
River. 

Within  the  range  proper  the  geological  and  geonostic  features  are 
simple,  but  the  eastern  base  shows  arrangements  and  disturbances  that 
would  require  months,  rather  than  days,  fully  to  be  worked  out 

STRUCTURE  OP  THE  RANGE. 

While  discussing,  in  previous  pages,  the  topography  of  our  district, 
the  physical  appearance  of  the  Wind  River  Range  has  been  touched 
upon.  It  will  be  remembered  that  it  can  appropriately  be  divided  into 
three  chains.  Of  these  the  main  or  western  chain  comprises  the  most 
elevated  points  and  forms  the  divide;  the  second  is  composed  of  thA 
foot-hills,  and  the  third  is  made  up  by  the  outlying  hills  along  the  base 
of  the  second.  During  Fr6montfs  first  expedition  he  traveled  along  the 
western  base  of  the  range,  from  its  southern  termination  to  Fremont's 
Peak.  His  course  lay,  essentially,  between  the  mountains  proper  and 
that  which  has  above  been  designated  as  the  western  subsidiary  range. 
His  description  of  what  he  terms  the  "central  chain n  is  very  graphic 
and,  so  far  as  he  has  seen  it,  correct.  As  the  most  prominent  southern 
point  of  the  range  we  must  regard  Stambaugh  Peak.  Rising  to  an  ab- 
solute elevation  of  12,700  feet,  its  sharply-cut  form  and  well  defined 
ridges  mark  it  as  an  important  feature  in  the  landscape.  From  there 
northward  we  find  that  the  main  chain  is  marked  by  peaks  of  nearly 
uniform  height,  reaching  about  13,000  feet.  Within  the  limits  of  our  dis- 
trict two  points  rise  considerably  above  this  general  summit-niveau: 
Snow  Peak,  13,400  feet  high,  and  Temple  Peak.  In  cross-section  this 
western  chain  might  appropriately  be  compared  to  a  single  saw-tooth. 
Falling  off  comparatively  gently  toward  the  west,  its  eastern  slope  is  one 
of  remarkable  declivity.  So  high,  indeed,  is  the  angle  of  this  slope  that 
64 
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not  unfrequcntly  the  rocky  faces  are  overhanging.  As  is  usually  the 
rase  in  mountains  of  so  nigged  a  character,  so  here,  too,  we  find  that 
numerous  "amphitheatres"  have  been  formed.  Steep  slopes  descend- 
ing from  three  sides  inclose  a  more  or  less  regularly  shaped  area  of  small 
extent*  Enormous  masses  of  avalanchial  debris  and  numerous  small 
lakes  render  the  scenery  within  these  depressions  singularly  wild  and 
beautiful.  The  canons  on  the  east  side  of  the  main  chain  are  very  steep, 
affording  but  rarely  sufficient  room  on  their  walls  for  the  growth  of  tim- 
ber. A  series  of  canons  running  parallel  with  this  chain  effectually  pro- 
duce its  orographic  separation  from  the  second  one. 

The  chain  of  foot-hills  directly  east  of  the  main  chain  presents  a  some- 
what different  structure.  Spurs  starting  from  the  latter  are  disconnected 
by  the  formation  of  deep,  precipitous  "  saddles."  Rising  from  these  the 
foot-hills. reach  about  to  timber-line,  or  for  several  hundreds  of  feet 
above  it.  Timber-line  here  follows  an  elevation  of  about  11,000  feet. 
From  these  highest  points  the  ridges,  as  well  as  the  valleys  between 
theiu,  extend  eastward  with  but  gentle  slopes  for  some  distance.  After 
that  they  fall  off  steeply.  Looking  up  toward  the  summit  of  the  range 
from  the  base  of  these  foot-hills,  little  will  be  seen,  therefore,  but  the 
sharp  ends  of  ridges  jutting  out  in  comparatively  regular  arrangement. 
Often  the  valleys  separating  the  higher  portions  of  these  cross-ridges 
are  swampy,  affording  an  excellent  abode  for  the  millions  of  mosquitoes 
which  infest  that  region.  A  number  of  the  ridges  may  be  connected 
with  each  other  by  elevated  portions  trending  parallel  with  the  main 
axis  of  the  range.  Deep  canons,  cutting  across  the  foot-hills,  permit  the 
escape  of  drainage  from  between  the  first  and  second  chains.  Precipit- 
ous and  steep  near  their  upper  ends,  they  gradually  widen  and  grow  less 
impassable.  The  streams  passing  through  them  receive  large  supplies 
of  water  from  the  ridges  which  they  separate. 

After  the  first  impulse  of  steep  eastern  descent  is  passed,  the  ridges 
exhibit  a  more  gradual  slope  in  that  direction.  Secondary  and  tertiary 
ridges  are  formed  upon  their  slopes,  and  small  streams  flowing  toward 
the  east  are  numerous.  Owing  to  the  character  of  the  rocks,  many  lakes 
have  been  formed,  imparting  a  most  pleasing  effect  to  the  view.  Follow- 
ing the  descent  of  the  foot-hills,  which  gradually  becomes  more  gentle,  we 
find  ourselves  confronted  by  steep  westerly  slopes  of  outlying  hills  by  the 
third  chain.  The  drainage  of  the  secondary  and  tertiary  ridges  above 
mentioned,  here  turns  either  to  the  north  or  south,  joining  forces  with 
those  streams  which  have  passed  through  the  foot-hills  in  canons.  In 
one  instance,  that  of  Twin  Creek,  the  presence  of  the  third  chain  forced 
the  main  stream  to  make  a  considerable  detour  before  it  could  resume 
its  easterly  course.  In  speaking  of  the  third  chain  in  previous  pages,  it 
has  been  compared  to  the  characteristic  "  hog-backs  "  of  other  regions. 
lloth  by  their  analogous  position,  and  by  their  stratigraphical  condition, 
is  this  analogy  established.  The  once-continuous  chain  has  been  either  cut 
by  the  drainage,  or  the  strata  composing  it  have  parted  under  the  influ- 
ence of  some  enormous  straiu  5  in  the  latter  instance^  causing  the  forma- 
tion of  steep,  narrow  canons.  We  find  the  continuity  broken  only  at 
such  i>oints  where  im]>ortant  streams  issue  from  the  mountains  in  their 
course  to  the  low  country  eastward.  This  is  essentially  a  typical  feature 
of  hog-backs,  but  the  occurrence  here  is  on  so  grand  a  scale  that  the 
term  cannot  appropriately  be  applied.  While  the  western  slopes  of  the 
third  chain  are  steep,  those  to  the  east  are  more  gentle  until  arrested 
by  the  superposition  of  younger  sedimentary  bluffs. 

Northwest  of  our  district  the  western  subsidiary  range  forms  a  por- 
tion of  the  slope  of  the  main  chain.  Near  Muddy  Creek  the  separation 
5  a  s 
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of  the  two  takes  place,  and  the  former  continues  in  a  southeasterly  coarse. 
It  follows  a  lino  slightly  diverging  from  the  longitudinal  axis  of  the 
main  range.  We  find  that  the  continuity  has  here  also  been  broken, 
and  streams  or  creeks  find  their  way  through  the  gaps  that  have  been 
formed. 

GEOLOGICAL  CHARACTER  OP  THE  RANGE. 

Prozoic  rocks. 

Beginning  with  the  subsidiary  range  along  the  western  base  of  the 
mountains,  we  find  that  it  is  coini>osed  of  a  comparatively  coarse-grained, 
red  granite.  Structureless,  the  hills  rise  to  a  relative  elevation  of  about 
1 ,000  feet.  From  a  distance  they  appear  as  if  composed  of  a  large  number 
of  bowlders  piled  on  top  of  one  another.  Weathering  in  rounded  fonns, 
the  liills,  in  spite  of  their  small  size,  appear  to  be  quite  massive.  The 
granite  is  composed  of  orthoclase,  quartz,  and  muscovite.  Of  these  the 
former  has  a  flesh  color,  the  second  is  gray.  Admixtures  of  minute  par- 
ticles or  crystals  of  magnetite  impart  to  the  rock  a  bright-red  color  upon 
exposure.  This  is  the  result  of  a  higher  degree  of  oxidation  of  the 
magnetite.  After  the  hills  are  fairly  separated  from  the  western  slope 
of  the  main  range  they  are  bordered  on  either  side  by  young  sedimentary 
strata.  As  these  show  a  nearly  horizontal  arrangement,  the  granitic 
hills  appear  like  islands  above  them.  Extending  eastward  the  granites 
disappear,  and  schists  take  their  place.  So  far.  as  could  be  determined, 
the  latter  merely  form  a  covering,  hiding  the  former  from  sight. 

This  occurrence  of  prozoic  rocks  is  one  of  great  interest.  Although 
in  close  proximity  to  the  Wind  River  Range^  this  latter  shows  no  granite 
of  the  same  character.  In  our  whole  district  it  appears  but  twice  more, 
and  each  time  it  exhibits  the  same  features  here  observed.  The  gran- 
itic outcrops  near  the  Sweetwater  River,  south  of  Saint  Mary's  Station, 
and  again  a  portion  of  those  formed  by  the  Granite  Hills  show  the  same 
rock.  From  this  we  may  argue  an  existing  subterranean  connection, 
one  which  during  the  earliest  periods  of  sedimentation  was  exjwsed  and 
unbroken.  I  regard  this  granite  as  the  oldest  rock  in  the  Wind  River 
Mountains,  a  view  which  is  sustained  by  an  absence  of  all  structure,  its 
relative  position  to  the  range,  and  its  relations  to  the  undoubted  meta- 
inorphic  rocks  farther  east. 

Metamorphic  rocks. 

Upon  examination  we  found  that  the  prozoic  granite  above  described  dis- 
appeared altogether  in  the  main  chain,  except  north  ward,  where  it  formed 
part  of  its  western  slope.  The  highest  portions  of  the  Wind  River  Mount- 
ains are  composed  entirely  of  metamorphic  rocks.  Granites  mainly,  with 
some  schists,  build  up  the  main  chain.  In  color,  composition,  and  mode 
of  weathering  the  granite  here  differs  from  that  immediately  west.  It 
is  hard,  fine-grained,  of  white  to  gray  color,  and  composed  of  orthoclase, 
oligoclase,  quartz,  muscovite,  and  some  phlogopite.  Within  certain 
zones,  which  are  not  entirely  constant  however,  amphibolite  replaces  the 
micas,  either  jnirtly  or  entirely.  Syenitic  granite  or  pyenite  is  the  rock 
produced  by  this  change.  Accumulations  of  either  mica  or  quartz  at 
some  localities  change  the  character  of  the  rocks.  We  have,  altogether, 
a  typical  occurrence  of  metainorphics,  one  exhibiting  many  of  the  varia- 
tions to  which  this  class  of  rocks  is  subject. 

Although  special  examinations  were  made  to  determine  whether  the 
different  mineralogical  constitution  of  the  rocks  remained  constant  within 
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certain  zones,  no  applicable  data  upon  this  point  could  be  obtained.  It 
is  evident  that  the  processes  producing  metainorphism  must  have  in- 
volved a  great  many  factors  of  enormous  power.  Certainly  one  or  more 
of  these  factors  resulted  in  extensive  stratigraphical  disturbances.  We 
find  that  the  granites  are  flexed  and  contorted  in  every  possible  direc- 
tion. Within  the  main  chain  the  stratoid  segregation  of  the  granites  is 
not  very  completely  carried  out.  It  may  be  noticed,  however,  that  the 
arrangement  of  constituent  minerals  indicates  the  former  planes  of  strati- 
fication. This  feature  is  also  demonstrated  by  the  breaking  of  the 
granite  masses.  They  form  sharp,  angular  bowlders,  frequently  with 
two  parallel  sides.  Within  the  same  block  of  granite  often  several  litho- 
logical  varieties  may  be  found.  Inclosures  of  micaceous  or  chloritic 
schists,  exposed  as  narrow,  ramifying,  or  simple  bands,  denote  the  origi- 
nal planes  of  stratification.  Could  they  be  hewn  out  of  the  block  they 
would  form  undulating  tablets  with  parallel  sides.  As  well  as  on  a  very 
small  scale,  we  may  note  the  occurrence  of  this  feature  in  so  extensive  a 
manner  that  it  affects  the  structure  of  the  chain.  Broken  and  displaced 
by  the  violent  contortions  to  which  the  masses  were  subjected  during 
and  since  their  metamorphosis,  the  continuity  of  the  entire  system  is  now 
no  longer  intact.  It  woidd  require  the  most  careful  examinations,  con- 
ducted on  a  liberal  scale,  as  to  time,  to  elicit  evidence  bearing  upon  the 
former  condition  of  this  metamorphic  area.  I  am  confident  that,  to  a 
certain  extent,  these  examinations  could  be  successfully  carried  out. 
The  establishment  of  facts  that  their  results  would  indicate  could 
furnish  us  with  a  most  accurate  account  of  the  earliest  history  of  this 
region. 

On  the  western  slope  of  the  main  chain  we  have  ample  opportunity  to 
observe  the  weathering  of  these  rocks.  As  a  rule  they  are  so  firmly  ce- 
mentedby  the  metamorphosing  influences  that  the  local  predominance  of 
one  constituent  or  the  other  produces  no  marked  result.  Erosive  agents 
attack  the  granites  but  very  slowly.  While  that  exhibited  by  the  sub- 
gidiary  range  is  deeply  furrowed,  looks  old  and  weather-beaten,  the  gran- 
ites of  the  main  chain  have  a  comparatively  fresh  appearance.  Hard 
and  firm,  they  are,  for  long  distances,  very  homogeneous.  Breaks  of  the 
original  strata  and  inclosures  of  softer  rock,  provided  they  are  of  suffi- 
ciently large  extent,  have  been  taken  advantage  of  by  erosive  agents. 
They  probably  have  first  given  impulse  to  the  formation  of  depressions 
that  to-day  exist  as  gulches  and  canons.  Water  and  moving  ice,  with 
their  accompanying  bowlders  and  gravel,  both  tend  to  smooth  and  polish 
the  granites. 

As  we  leave  the  crest  of  the  mountains  and  proceed  to  the  eastward,  we 
notice  a  general  change  in  the  character  of  the  rocks.  While  they  have 
been  massive  and  compact  heretofore,  they  now  show  more  decided 
stratification,  weather  in  sharp  pinnacles,  and  form  steep  slopes  or  per- 
pendicular walls.  Upon  examination  we  find  that  the  purely  granitic  or 
syenitic  character  has  disappeared  to  a  great  extent,  and  that  we  have 
before  us  either  schistose  granites  or  typical  schists.  It  is  this  zone  of 
schists,  essentially,  that  gives  rise  to  the  steep  and  precipitous  eastern 
slopes  of  the  main  chain.  The  schists  may  be  traced  for  some  distance, 
but  eventually  their  unity  is  broken  and  their  place  is  supplied  by  other 
rocks.  Taking  into  consideration  the  structural  stratigraphy  of  the  main 
chain,  we  find  that  the  beds  dip  steeply  to  the  eastward.  At  some 
localities  the  granitic  masses  are  so  homogeneous  that  no  attempt  at  strat- 
ification can  l>e  observed.  It  becomes  very  apparent,  however,  as  soon 
as  we  reach  the  schists.  Few  metamorphic  regions  can  be  found  where 
the  structural  conditions  of  rocks  remain  uniform  even  for  a  short 
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distance.  So  here,  too,  we  find  a  large  number  of  extensive  displace* 
incuts.  Enormous  fragments  have  been  broken  from  the  main  mass  and 
have  been  thrown  into  regions  where  they  appear,  from  their  relations 
to  surroundings,  as  total  strangers.  Some  jMirtions  have  been  plicated 
and  overturned,  presenting  features  of  structure  and  texture  that  are 
entirely  at  variance  with  those  of  the  vicinity. 

Eliminating  such  occurrences,  we  may,  from  the  standpoint  of  a  sfra- 
tigniphist,  regard  the  main  chain  of  the  Wind  liiver  Mountains  as  a  steep, 
anticlinal  range,  a  portion  of  the  anticlinal  told  being  obscured.  It  will 
be  seen  that  the  remaining  portions  of  the  range  corroborate  this  view. 

Passing  over  the  u  belt "  of  schistoid  rocks  on  the  eastern  slope  of  the 
main  chain,  we  once  niore  enter  a  granitic  area  within  the  foot-hills. 
Although  resembling,  to  a  certain  degree,  the  granites  farther  west,  we 
here  find  decided  differences.  Perhaps  the  most  striking  is  the  well- 
developed  structure.  On  the  higher  portions  of  the  foot-hills  this  is  not 
so  noticeable,  as  their  exposed  position  has  necessarily  caused  serious 
disturbance  of  the  integrity  of  the  stratoid  masses.  At  such  points  they 
are  thoroughly  broken,  partly  by  virtue  of  the  prominence  of  original 
planes  of  deposition,  partly  on  account  of  transverse  joints.  As  we 
descend  along  the  ridges,  however,  we  find  the  character  of  this  granite 
well  exhibited.  Frequently  quite  considerable  areas  can  be  seen  where 
the  bare  rock  is  exposed.  There  we  note  the  more  or  less  clearly  defined 
stratification,  which  is  evident  at  a  glance.  We  find  that  the  strata  of 
granite  retain  their  easterly  dip,  which  gradually  assumes  a  lower  angle 
(from  the  horizontal).  This  even  slope  becomes  more  prominent  as  we 
approach  the  area  of  unchanged  sedimentary  beds.  An  interesting  oc- 
currence may  be  observed  in  this  connection.  High  up  in  the  foot-hills 
the  granite  resembles  that  of  the  main  chain  in  lithological  character. 
It  is  generally  gray  to  light  brown,  contains  orthoclase,  oligoelase,  quartz, 
and  muscovite.  Accessory  minerals  consisting  of  amphibolitc,  chlorite, 
and — rarely — corundum  arc  found  there.  Near  the  eastern  base  of  the 
foot-hills  the  first  sedimentary  beds  consist  of  red  quartzites.  They  bear 
ample  evidence  of  having  been  metamorphosed.  Immediately  below 
these  quartzites  we  ibid  regular,  well-defined  strata  of  reddish  and  red 
granite.  It  is  coarser  grained  than  high  up  in  the  hills,  and  contains  but 
very  little  oligoclase*.  From  the  appearance  of  the  ridges  it  is  evident 
that  large  masses  of  scdiinentaries,  once  covering  them,  have  been  re- 
moved. Erosion  progressed  to  such  a  depth  that  the  hard  granites  were 
reached,  and  these  now  lie  exposed  upon  the  surface.  At  some  localities 
it  seems  very  difficult,  indeed,  to  determine  where  the  granite  ends  and 
the  red  quartzite  begins.  The  latter  frequently  extends  in  tongue-shaped 
masses  up  on  slopes  of  the  ridges,  while  they  are  cut  away  in  the  valleys 
and  canons.  At  both  of  these  places  the  junction-line  between  the  two 
is  sometimes  very  much  obscured.  Above  the  quartzites  we  have  un- 
changed sedimentary  beds. 

From  these  observations  we  are  enabled  to  say,  with  certainty,  that 
the  seat  of  metamoi'phosiiig  influences  was  removed  in  a  direction  from 
the  third  chain  toward  the  main  longitudinal  axis  of  the  range.  It  may 
further  be  said  that  the  direction  along  which  these  influences  exerted 
their  force  is  determined  by  lines  rectangular  to  the  trend  of  the  third 
chain  and  its  scattered  continuations. 

As  we  follow  the  foot-hills  in  their  southeasterly  course,  we  reach  a 
point  from  where  they  branch  oft*  to  the  eastward.  The  continuity  of 
the  chain  is  somewhat  broken  here,  but  it  can  readily  be  traced,  move 
particularly  by  the  aid  of  the  sedimentary  beds.  In  this  deflection  it 
remains  parallel  with  the  range.    If  we  examine  the  conditions  existing 
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at  tbe  extreme  southern  end  of  the  Wind  River  Range,  where  the  transi- 
tion into  the  Sweetwater  II ills  begins,  we  will  And :  That  the  granite  of 
the  subsidiary  range  has  disappeared  from  the  surface ;  that  steeply- 
dipping  schists  occupy  the  region  where  we  might  expect  to  find  the 
former ;  that  the  granite  of  the  main  chain,  the  schistoid  rocks  of  its 
eastern  slope,  and  the  granites  of  the  higher  foot-hills  have  sunken  out  of 
sight;  that  the  granites  of  the  lower  foot-hills  occupy  points  of  higher 
elevation  than  they  do  farther  to  the  northwest,  and  that  the  relations 
of  the  quartzite  and  unchanged  sedimentary  beds  to  the  latter  are  not 
affected.  We  observe,  furthermore,  that  the  character  of  the  schists 
here  exhibited  is  not  identical  with  that  observed  in  the  main  chain,  and 
that  their  thickness  is  by  far  greater.  Froni  the  relative  positions  of  these 
various  groups  it  follows  that  the  schists  in  question  cover  the  granite  of 
the  subsidiary  range.  That  of  the  main  chain  and  of  the  higher  por- 
tions of  the  foot-hills  has  probably  pinched  out  in  part  and  lies  buried 
lx?neath  the  younger  masses  elsewhere  found  near  the  base  of  the  hills. 
In  the  hills  near  Miner's  Delight  this  granite  shows  a  dip  of  about  U5° 
to  the  eastward  and  remains  conformable  with  the  sedimentary  beds 
superincumbent. 

Within  the  area  upon  which  the  schists  are  exposed,  we  observe  a 
number  of  varieties.  Micaceous  and  hornblendic  are  the  two  chief 
varieties,  but  gneiss  and  chloritic  schists  are  not  wanting.  They  dip 
steeply,  almost  90°,  to  the  eastward.  From  the  hills  south  of  Camp 
Stambaugh  their  strike,  and  in  a  measure  their  dip,  can  be  beautifully 
observed.  Seen  from  the  summit  of  some  point,  the  harder  strata, 
which  have  resisted  erosion,  give  the  ground  a  regularly  furrowed  ap- 
pearance. Tliis  extends  frequently  for  some  distance,  and  may  be  sud- 
denly broken  off.  So  far  as  could  be  observed,  the  dip  of  the  schists 
decreased  as  we  proceeded  toward  its  junction  with  the  younger  gran- 
ites. A  number  of  good  exposures  in  small  canons  furnish  amide 
information  toward  the  southern  end  of  the  metamorphic  area. 

Reviewing  in  a  few  words  the  result  shown  by  all  these  occurrences,  wo 
have,  following  a  hue  from  below  South  Pass  to  Miner's  Delight,  a  sinking 
of  tbe  oldest  granites  accompanied  by  the  appearance  of  younger  schists, 
an  elimination  of  the  rocks  elsewhere  composing  the  central  portion  of 
the  Wind  IHver  Range,  and  a  rise1,  of  the  youngest  granites  of  the  region. 
It  secerns  that  the  enormous  bnlk  of  material  from  which  the  rocks  com- 
posing the  highest  mass  of  the  range  was  obtained  was  exhausted  near 
this  line.  The  original  products  of  deposition  there  accumulated  had 
come  to  an  end,  and  only  those  now  represented  by  the  younger  granites 
existed  at  the  locality.  Tliis  condition  of  affairs  permitted  the  older,  or 
probably  even  oldest,  sedimentary  products  to  rise  sufficiently  high  to 
nearh  to  the  present  surface.  Their  quantity  was  not  sufficiently  great 
to  rise  to  the  same  elevation  that  the  masses  farther  northwest  reached, 
or  we  should  to-day  be  without  South  Pass.  From  subsequent  state- 
ments it  will  1m?  seen  that  farther  eastward  we  have  an  analogous  case 
where  still  another  member  of  this  same  group  disappears. 

An  important  feature  of  this  older  metamorphic  area  is  the  existence 
of  metalliferous  veins.  The  mines  of  South  Pass,  Atlantic  City,  and 
Miner's  Delight  are  located  in  the  old  dark-colored  schists ;  all  of  them 
contain  gold.  This  distribution  explains  why  as  yet  no  remunerative 
veins  have  been  found  in  the  mctamorphics  of  the  main  chains.  A  number 
of  metalliferous  veins  have  there  been  observed,  but  none  of  them  carry 
the  precious  metals  in  quantities  greater  than  mere  traces.  A  number 
of  lodes  have  been  discovered,  and  some  exaggerated  reports  thereabout 
are  current.    So  far  as  our  observations  extend,  the  metal  contained  in 


68  REPORT   UNITED   STATES   GEOLOGICAL   SURVEY. 

« 

distance.  So  here,  too,  we  find  a  large  number  of  extensive  displace- 
ments. Enormous  fragments  have  been  broken  from  the  main  mass  and 
have  been  thrown  into  regions  where  they  appear,  from  their  relations 
to  surroundings,  as  total  strangers.  Some  portions  have  been  plicated 
and  overturned,  presenting  features  of  structure  and  texture  that  are 
entirely  at  variance  with  those  of  the  vicinity. 

Eliminating  such  occurrences,  we  may,  from  the  standpoint  of  a  sfra- 
tigraphist,  regard  the  main  chain  of  the  Wind  River  Mountains  aa  a  steep, 
anticlinal  range,  a  portion  of  the  anticlinal  fold  being  obscured.  It  will 
be  seen  that  the  remaining  portions  of  the  range  corroborate  this  view. 

Passing  over  the  "belt"  of  schistoid  rocks  on  the  eastern  slope  of  the 
main  chain,  we  ouce  more  enter  a  granitic  area  within  the  foot-hills. 
Although  resembling,  to  a  certain  degree,  the  granites  farther  west,  we 
here  find  decided  differences.  Perhaps  the  most  striking  is  the  well- 
developed  structure.  On  the  higher  portions  of  the  foot-hills  this  is  not 
so  noticeable,  as  their  exposed  position  has  necessarily  caused  serious 
disturbance  of  the  integrity  of  the  stratoid  masses.  At  such  points  they 
are  thoroughly  broken,  partly  by  virtue  of  the  prominence  of  original 
planes  of  deposition,  partly  on  account  of  transverse  joints.  As  we 
descend  along  the  ridges,  however,  we  find  the  character  of  this  granite 
well  exhibited.  Frequently  quite  considerable  areas  can  be  seen  where 
the  bare  rock  is  exposed.  There  we  note  the  more  or  less  clearly  defined 
stratification,  which  is  evident  at  a  glance.  We  find  that  the  strata  of 
granite  retain  their  easterly  dip,  which  gradually  assumes  a  lower  angle 
(from  the  horizontal).  This  even  slope  becomes  more  prominent  as  we 
approach  the  area  of  unchanged  sedimentary  beds.  Ail  interesting  oc- 
currence may  be  observed  in  this  connection.  High  up  in  the  foot-hills 
the  granite  resembles  that  of  the  main  chain  in  lithological  character. 
It  is  generally  gray  to  light  brown,  contains  orthoclase,  oligoclase,  quartz, 
and  inuscovite.  Accessory  minerals  consisting  of  amphibolite,  chlorite, 
and — i*arely— corundum  are  found  there.  Near  the  eastern  base  of  the 
foot-hills  the  first  sedimentary  beds  consist  of  red  quartzites.  They  bear 
ample  evidence  of  having  been  metamorphosed.  Immediately  below 
these  quartzites  we  find  regular,  well-defined  strata  of  reddish  and  red 
granite.  It  is  coarser  grained  than  high  up  in  the  hills,  and  contains  but 
very  little  oligoclase.  From  the  appearance  of  the  ridges  it  is  evident 
that  large  masses  of  sedimentaries,  once  covering  them,  have  been  re- 
moved. Erosion  progressed  to  such  a  depth  that  the  hard  granites  were 
reached,  and  these  now  lie  exposed  upon  the  surface.  At  some  localities 
it  seems  very  difficult,  indeed,  to  determine  where  the  granite  ends  and 
the  red  quart  zite  begins.  The  latter  frequently  extends  in  tonguo-shaped 
masses  up  on  slopes  of  the  ridges,  while  they  are  cut  away  in  the  valleys 
and  canons.  At  both  of  these  places  the  junction-line  between  the  two 
is  sometimes  very  much  obscured.  Above  the  quartzites  we  have  un- 
changed sedimentary  beds. 

From  these  observations  we  are  enabled  to  say,  with  certainty,  that 
the  seat  of  metamorphosing  influences  was  removed  in  a  direction  from 
the  third  chain  toward  the  main  longitudinal  axis  of  the  range.  It  may 
further  be  said  that  the  direction  along  which  these  influences  exerted 
their  force  is  determined  by  lines  rectangular  to  the  trend  of  the  third 
chain  and  its  scattered  continual  ions. 

As  we  follow  the  foot-hills  in  their  southeasterly  course,  we  reach  a 
point  from  where  they  branch  off  to  the  eastward.  The  continuity  of 
the  chain  is  somewhat  broken  here,  but  it  can  readily  be  traced,  more 
particularly  by  the  aid  of  the  sedimentary  beds.  In  this  deflection  it 
remains  parallel  with  the  range.    If  we  examine  the  conditions  existing 
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at  the  extreme  southern  end  of  the  Wind  River  Range,  where  the  transi- 
tion into  the  Sweetwater  Hills  begins,  we  will  find :  That  the  granite  of 
the  subsidiary  range  has  disappeared  from  the  surface ;  that  steeply- 
dipping  schists  occupy  the  region  where  we  might  expect  to  find  the 
former ;  that  the  granite  of  the  main  chain,  the  schistoid  rocks  of  its 
eastern  slope,  and  the  granites  of  the  higher  foot-hills  have  sunken  out  of 
sight ;  that  the  granites  of  the  lower  foot-hills  occupy  points  of  higher 
elevation  than  they  do  farther  to  the  northwest,  and  that  the  relations 
of  the  quartzite  and  unchanged  sedimentary  beds  to  the  latter  are  not 
aftected.  We  observe,  furthermore,  that  the  character  of  the  schists 
here  exhibited  is  not  identical  with  that  observed  in  the  main  chain,  and 
that  their  thickness  is  by  far  greater.  From  the  relative  positions  of  these 
various  groups  it  follows  that  the  schists  in  question  cover  the  granite  of 
the  subsidiary  range.  That  of  the  main  chain  and  of  the  higher  por- 
tions of  the  foot-hills  has  probably  pinched  out  in  part  and  lies  buried 
l>eneath  the  younger  masses  elsewhere  found  near  the  base  of  the  hills. 
In  the  hills  near  Miner's  Delight  this  granite  shows  a  dip  of  about  25° 
to  the  eastward  and  remains  conformable  with  the  sedimentary  beds 
superincumbent. 

Within  the  area  upon  which  the  schists  are  exposed,  we  observe  a 
number  of  varieties.  Micaceous  and  hornblendie  are  the  two  chief 
varieties,  but  gneiss  and  chloritic  schists  are  not  wanting.  They  dip 
steeply,  almost  90°,  to  the  eastward.  From  the  hills  south  of  Camp 
Stambangh  their  strike,  and  in  a  measure  their  dip,  can  be  beautifully 
observed.  Seen  from  the  summit  of  some  point,  the  harder  strata, 
which  have  resisted  erosion,  give  the  ground  a  regularly  furrowed  ap- 
pearance. This  extends  frequently  for  some  distance,  and  may  be  sud- 
denly broken  off.  So  far  as  could  be  observed,  the  dip  of  the  schists 
decreased  as  we  proceeded  toward  its  junction  with  the  younger  gran- 
ites. A  number  of  good  exposures  in  small  cations  furnish  ample 
information  toward  the  southern  end  of  the  metamorphic  area. 

Reviewing  in  a  few  words  the  result  shown  by  all  these  occurrences,  we 
have,  following  a  line  from  below  South  Pass  to  Miner's  Delight,  a  sinking 
of  the  oldest  granites  accompanied  by  the  appearance  of  younger  schists, 
an  elimination  of  the  rocks  elsewhere  composing  the  central  portion  of 
the  Wind  River  Range,  and  a  rise  of  the  youngest  granites  of  the  region. 
It  seeems  that  the  enormous  bidk  of  material  from  which  the  rocks  com- 
posing the  highest  mass  of  the  range  was  obtained  was  exhausted  near 
this  line.  The  original  products  of  deposition  there  accumulated  had 
come  to  an  end,  and  only  those  now  represented  by  the  younger  granites 
existed  at  the  locality.  This  condition  of  affairs  permitted  the  older,  or 
probably  even  oldest,  sedimentary  products  to  rise  sufficiently  high  to 
reach  to  the  present  surface.  Their  quantity  was  not  sufficiently  great 
to  rise  to  the  same  elevation  that  the  masses  farther  northwest  reached, 
or  we  shoidd  to-day  be  without  South  Pass.  From  subsequent  state- 
ments it  will  be  seen  that  farther  eastward  we  have  an  analogous  case 
where  still  another  member  of  this  same  group  disappears. 

An  imx>ortant  feature  of  this  older  metamorphic  area  is  the  existence 
of  metalliferous  veins.  The  mines  of  South  Pass,  Atlantic  City,  and 
Miner's  Delight  are  located  in  the  old  dark-colored  schists ;  all  of  them 
contain  gold.  This  distribution  explains  why  as  yet  no  remunerative 
veins  have  been  found  in  the  metamorphics  of  the  main  chains.  A  number 
of  metalliferous  veins  have  there  been  observed,  but  none  of  them  carry 
the  precious  metals  in  quantities  greater  than  mere  traces.  A  number 
of  lodes  have  been  discovered,  and  some  exaggerated  reports  thereabout 
are  current.    So  far  as  our  observations  extend,  the  metal  contained  in 
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these  veins  is  simply  iron  (hematite),  with  a  trace  of  silver.  This  char- 
acter alone  indicates  a  difference  between  the  formations  containing  the 
veins.  Following  ont  the  lesson  taught  by  the  character  of  these  occur- 
rences, we  may  conclude  that  the  main  chain  of  the  Wind  River  Range 
will  not  be  found  to  contain  auriferous  lodes.  They  will  be  confined 
almost  entirely  to  the  old  mctamorphic  schists. 

The  total  area  covered  by  the  metamorphic  rocks  is  quite  an  extensive 
one.  Beginning  near  the  northwestern  corner  of  our  district  their  bor- 
der runs  along  the  western  base  of  the  Wind  River  Range  near  the  point 
where  the  Sweetwater  issues  from  the  mountains ;  the  metainorphics 
make  a  curve  to  the  southward,  reaching  Pacific  Springs.  From  there 
they  turn  toward  the  eastward,  and  end  at  the  Little  Canon  of  the  Sweet- 
water. Curving  northward,  and  afterward  to  the  northwest,  they  re- 
main inside  of  the  third  chain,  following  a  course  approximately  par- 
allel with  the  trend  of  the  range. 

Isolated  outcrops  occur  south  of  Sheep  Mountain.  A  number  of  hills 
are  found  there,  having  a  general  trend  south  of  east,  which  are  com- 
posed of  granite.  It  is  the  same  rock  which  we  have  heretofore  found 
along  the  base  of  the  foot-hills.  These  granitic  outcrops  disappear,  in 
part,  under  the  younger  Tertiary  strata  to  the  southward ;  in  part  they 
an?  covered  by  the  red  sandstone  we  find  at  the  base  of  the  foot-hills. 

Either  the  force  which  caused  the  elevation  of  the  Wind  River  Range 
had  spont  itself  near  this  point,  or  the  same  class  of  material  which  com- 
l>o$c8  the  greater  portion  of  the  range  did  not  exist  here.  I  am  inclined 
to  this  latter  view.  We  have,  as  will  be  seen  sul>sequently,  ample  evi- 
dence in  this  region  of  severe  disturbances,  but  we  nowhere  find  either 
the  schists  of  the  eastern  slope  or  the  granites  of  the  main  chain.  The 
granites  here  totally  disappear  from  sight,  and  are  not  found  again  until 
they  crop  out  in  the  Sweetwater  Mountains.  While  this  granite  once 
more  shows  itself,  the  schists  of  the  Camp  Stambaugh  region  do  not 
again  appear  on  the  surface.  During  the  discussion  of  the  Sweetwater 
area  we  slinll  have  occasion  to  enter  into  these  features  more  fully,  as  we 
there  find  the  continuation  of  several  important  groups. 

PALEOZOIC  FORMATIONS. 

SILURIAN. 

Groups  of  the  Silurian  formation  have  been  found,  with  some  inter- 
ruptions, all  along  the  eastern  base  of  the  Rocky  Mountains-  Usually 
they  are  linuted  to  the  Potsdam  and  Caleiierous  series.  In  Southern  Col- 
orado, strata  have  been  tbimd  at  Canyon  City,  Colorado  Springs,  and  far- 
ther north,  at  the  eastern  base  of  the  Front  Range,  which  belong  to  these 
groups.  From  there  north  and  northwest  a  number  of  localities  have 
been  observed  where  they  occurred.  We  find  in  our  district  a  discon- 
nected series  of  Silurian  strata. 

Potsdam  Group. 

On  the  eastern  base  of  Wind  River  Range  we  observe  a  hard,  red, 
quartzitic  sandstone  directly  overlying  the  youngest  inetaniorphic  gran- 
ites. Extending  upward  on  the  gently-sloping  ridges  at  the  eastern  edge 
of  the  second  chain,  these  quartzites  occupy  positions  rendering  them 
prominent  and  of  imi>ortance  in  the  landscape.  Cut  away  by  erosive 
action  they  recede  eastward  in  the  narrow  valleys  and  cafions,  but  reach 
up  tor  various  distances  on  the  ridges  intervening.    Thus  a  horizontal 
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projection  of  their  area  will  be  terminated  on  the  west  side  by  a  scalloped 
line.  From  west  of  Camp  Brown  these  Potsdam  sandstones  extend  south- 
eastward; lying  between  the  base  of  the  second  and  the  western  edge  of  the 
third  chain.  Comparatively  massive  stratification  is  shown  by  the  group. 
Narrow  interstrata  of  sandstone  showing  a  highly  argillaceous  compo- 
sition produce  changes  in  the  weathering  of  exposed  surfaces.  In  direct 
contact  with  the  most  recent  metamorphic  granites  described  from  this 
region,  it  is  not  unfrequently  a  difficult  matter  to  draw  the  line  of  sep- 
aration between  the  two.  Often  the  junction  may  be  found  exposed,  and 
there  we  see,  in  certain  instances,  that  the  quartzites  and  granites 
blend  into  each  other.  Similar  cases  have  been  observed  elsewhere,  par- 
ticularly in  Colorado.* 

It  is  an  evident  fact  that  the  same  influences  which  have  produced  the 
metaniorphisin  of  the  underlying  granites  have  transformed  the  origi- 
nal sapdstones  into  the  Potsdam  (juartzites. 

So  far  as  could  be  determined  the  dip  of  the  sandstones  varies  from 
3o°  to  42°,  its  direction  being  determined  by  a  strike  parallel  to  the  trend 
of  the  range.  About  east  of  Miner's  Delight  the  Potsdam  Group  is  hid- 
den from  sight  by  overlying  beds.  Again  it  appears  on  the  Sweetwater, 
near  what  has  been  designated  as  the  "  Little  Canon." 

The  tliickness  of  the  entire  series  may  be  regarded  as  varying  be- 
tween 180  and  320  feet  In  part,  this  is  due  to  unequal  extension  of  the 
metamorphosing  influences,  in  part  to  local  thickening  of  the  beds.  In 
coloring,  the  sandstones  exhibit  a  number  of  shades,  changing  from 
bright  red  to  a  dark,  rusty  brown.  Wherever  they  have  been  exposed 
in  comparatively  isolated  masses  they  have  lost  some  of  the  coloring 
matter  and  are  brownish  gray,  in  rait)  instances  even  white. 

Organic  remains  here,  as  at  many  other  localities  where  the  group  is 
exposed,  are  limited  to  a  few  species.  I  observed  a  Lingula  (probably 
L.  prima)  in  considerable  numbers,  but  in  a  very  poor  state  of  preserva- 
tion. Within  the  same  beds,  in  the  Black  Hills  of  Dakota,  Dr.  Ilayden 
found  (1857)  Lingula  antiqua,  L.  prima,  and  Obolus  oppolinus.  (?)  Near 
South  Pass,  on  the  Sweetwater,  he  found  (1870)  Obolella  nana  in  the 
same  beds. 

Near  Camp  Baker,  Dana  and  Grinnell  collected  some  fossils  in  ap- 
parently the  same  horizon.  Although  the  palteontological  evidence  col- 
lected witliin  this  group  is  meagre  at  best,  it  would  be  sufficient  to  es- 
tablish the  identity  of  the  series,  even  were  not  this  made  apparent  by 
its  relative  position. 

CaMferoui  Group. 

Usually  some  representatives  of  the  Calciferous  Group  may  be  found 
in  connection  with  the  Potsdam.  Dr.  Ilayden,  in  speaking  of  the  latter 
series,  regards  the  Carboniferous  strata  as  resting  directly  upon  the  Pots- 
dam. Professor  Comstock  takes  issue  with  him  on  this  point.  He  says  :t 
uThis,  as  we  shall  see,  is  certainly  an  error;  *  *  *  there  are 
some  indications  of  the  thinning  out  of  the  Calciferous  beds  in  the  neigh- 
ltorhood  of  South  Pass,  which  would  partly  justify  his  opinion."  The 
examinations  made  by  D^  Ilayden  upon  this  point  were  mainly  in  the 
region  of  South  Pass.  At  that  locality  the  Calciferous  beds  cannot  be 
recognized.  Along  the  eastern  base  of  the  range  a  number  of  strata 
appeax  that  may  be  referred  to  this  group.  Toward  the  southeast  they 
thin  out  and  entirely  disappear  before  we  reach  the  Little  Popo-Agie. 

•  Compare  Rep.  U.  S.  Geol.  Siirv.  1874,  p.  211. 

t  Report  upon  Reconnaissance  of  Northwestern  Wyoming,  1873.  Washington,  1374, 
p.  109. 
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It  is  not  an  easy  matter  to  make  subdivisions  in  an  extensive  series 
of  limestone  strata  unless  material  aid  is  afforded  by  paheontological 
remains. 

Besting  directly  upon  the  red  quartzites  of  the  Potsdam  Group  we 
find  a  thin  series  of  sharply-bedded  strata.  They  are  composed  of  blue 
limestones,  blue  and  yellow  dolomites,  and,  locally,  of  oolitic  dolomites. 
Siliceous  inclusions  of  irregular  form  appear  within  these  rocks,  as  well 
as  higher  up.  About  250  feet  may  be  regarded  as  the  maximum  thick- 
ness reached  within  our  district.  A  definite  tlunning  out  and  eventual 
disappearance  of  the  beds  may  be  observed  to  the  southeast.  We  have, 
in  this  appearance  of  the  Calciferous  Group,  evidently  the  southern 
edge  of  what  api>ears  farther  north  as  an  extensive  series.*  While  the 
beds  in  that  direction  are  very  considerably  amplified,  we  find  but  the 
termination  both  of  horizontal  and  vertical  dimensions  of  this  group  in 
our  district.  f 

In  stratigraphical  relations  the  Calciferous  series  of  this  region  is  en- 
tirely conformable  with  the  underlying  Potsdam  quartzites.  Both  dip 
off  from  the  mountains,  and  both  are  exposed  along  a  line  following  the 
general  trend  of  the  range.  It  may  be  observed  that  the  angle  of  dip 
decreases  very  slightly  as  we  approach  the  lower  country  to  the  east. 
Some  fossils  were  observed  within  the  beds  belonging  to  this  group,  but 
they  were  so  poorly  preserved  that  they  could  not  be  identified.  Pro- 
fessor Comstock  mentions  Orthistritoniaj  IHeeUocephaAus.  and  Theca  (!) 
as  occurring  there.  As  his  investigations  extended  farther  northward 
than  mine,  his  opportunity  for  collecting  palseontological  remains  was 
much  more  favorable. 

While  the  Potsdam  sandstones  are  the  result — in  that  region — of  a 
long,  shallow  shore  deposit,  extending  in  a  line  approximately  paraUel 
with  the  elevation  of  archaean  rocks,  the  waters  depositing  the  material 
which  now  composes  the  Calciferous  Group  approached  from  the  north 
and  northeast,  extending  but  a  short  distance  into  our  district.  It  is  for 
this  reason  that  we  find,  firstly,  the  increased  horizontal  and  vertical 
dimensions  of  the  group  elsewhere,  and,  secondly,  the  direct  superposi- 
tion of  the  lowest  Carboniferous  strata  upon  the  Potsdam  sandstone 
within  the  remaining  portions  of  our  district.  At  the  period  during 
which  the  later  Silurian  fauna  appeared  in  that  section  of  country,  the 
region  where  we  noyr  find  the  red  quartzites  exposed  had  already  attained 
considerable  elevation,  thus  rendering  it  impossible  that  any  extensive 
accumulation  of  Calciferous  beds  should  take  place.  No  evidence  was 
obtained  indicating  a  direct  removal  of  Calciferous  strata  prior  to  the 
deposition  of  Carboniferous  beds.  For  this  reason  the  explanation  above 
offered  suffices  for  the  occurrences  noted  in  this  instance. 

Professor  Comstock  separates  a  number  of  strata  overlying  the  last- 
described  beds  as  the  Niagara  Group.  The  section  which  he  furnishes 
is  obtained  from  a  region  west  of  Camp  Brown.  To  this  group  he 
ascribes  a  thickness  of  150  feet.  I  have  failed  to  find  any  decisive  evi- 
dence that  woidd  warrant  such  a  division.  Palaeontological  evidence, 
as  furnished  by  the  Silurian  limestones,  is  so  extremely  meagre  and  un- 
satisfactory that  we  cannot  appropriately  apply  to  the  series  the  same 
rales  for  subdivision  that  elsewhere  may  be  definitely  expressed.  While 
examining  the  eastern  slope  of  the  range  I  observed  the  same  beds  which 
hie  has  designated  as  Quebec  and  Niagara,  but  I  am  not  prepared  to  ad- 
mit of  any  subdivision  at  those  localities.  We  have  red  quartzites  rest- 
ing directly  upon  the  granites,  and  a  series  of  limestones  and  dolomites 

*0»uif»ac*  Dana.  Bmit  of  Reconnaissance  of  Yellowstone  Park,  1875,  Ludlow, 
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about  250  feet  thick  overlying  them.  Toward  the  north  these  latter  in- 
crease very  much  in  their  vertical  dimensions.  The  work  of  Professor 
Bradley  and  others  hits  shown  that  a  continuation  of  the  same  Silurian 
area  northward  will  furnish  us  with  ample  material  to  make  the  sub- 
division more  complete.  Within  our  district,  however,  the  group  is  «o 
restricted  that  this  cannot  properly  be  done.  I  close  the  Silurian  occur- 
rences of  this  region  with  the  beds  of  limestone,  dolomitic  in  part,  which 
have  been  described  above.  This  furnishes  for  the  Silurian  strata  on  the 
eastern  base  of  Wind  River  Mountains  a  maximum  thickness  of  o«>0  feet. 
Near  Miner's  Delight  this  is  reduced  to  about  2G0  feet,  widening  some- 
what again  farther  southeast. 

DEVONIAN. 

Any  positive  determination  of  strata  as  Devonian  meets  with  consider- 
able difficulty  along  the  main  chain  of  the  Rocky  Mountains.  There  is 
scarcely  an  applicable  change  in  the  lithological  character  of  the  rocks 
composing  them  as  compared  to  older  or  younger  strata.  Besides  this, 
we  find  it  to  be  a  widely  perceptible  rule  that  the  faunal  remains  of  De- 
vonian and  Lower  Carboniferous  strata  show  a  remarkable  affinity  of 
form.  Basing  our  deductions  upon  evidence  of  the  latter  only,  we  will 
either  generally  arrive  at  no  satisfactory  results  whatever,  or  we  will  fre- 
quently be  misled.  In  reference  to  this  point  the  late  Professor  Meek 
says:*  "They  (the  fossils)  belong,  without  exception,  to  genera  that  are 
common  both  to  the  Carboniferous  and  Devonian,  while  a  smaller  por- 
tion of  the  genera  is  also  represented  in  the  Silurian." 

Professor  Comstock  at  first  referred  certain  strata  occurring  above 
what  he  considers  the  Niagara  Group  to  the  Devonian,  but  subsequently 
retracted  this  view  of  the  subject.! 

So  for  as  my  examinations  extend,  I  can  see  no  evidence  wliich  would 
justify  the  determination  as  "  Devonian "  of  any  of  the  strata  exposed  in 
that  section  of  country.  Neither  the  character  of  the  fossils  nor  the 
arrangement  of  beds,  as  compared  to  other  regions,  speak  for  any  such 
identification.  Remembering  the  fact  that  the  region  we  are  speaking 
of  is  located  essentially  along  the  terminal  line  of  the  older  Palaeozoic 
dei>ositions,  we  will  readily  understand  why  certain  groups  should  either 
be  wanting  entirely  or  should  appear  in  so  subordinate  a  manner  as  to 
make  their  specific  recognition  an  impossibility. 

• 

CABBONIFEKOUS. 

Among  the  Palaeozoic  formations  found  within  our  district,  the  Car- 
boniferous occupies  the  most  prominent  position.  Although  closely  re- 
sembling hi  certain  of  its  characteristics  the  same  formation  as  exhibited 
farther  south,  we  here  find  some  interesting  variations.  In  Colorado 
three  divisions  can  usually  be  recognized.  They  are  constant  throughout 
nearly  the  entire  State^  and  are,  individually,  well  defined.  On  the 
western  slope  of  the  Wind  River  Range,  and  at  other  localities  within 
our  district,  we  are  enabled  to  separate  the  entire  series  into  the  same 
number  of  groups.  The  term  "Subcarboniferous"  has  been  used  for 
the  purpose  of  indicating  certain  beds  below  the  horizons  established  by 
typically  Carboniferous  fossils.  I  take  occasion  to  apply  it  in  the  present 
instance  for  classificatory  reasons,  but  desire  to  state  that  the  group 

#  Ecp.  U.  8.  Gteol.  Survey,  1872,  p.  432. 

\  Compare  Am.  Jour.  Sci.,  vol.  vi,  1873,  and  Rep.  Rec.  Northwestern  Wyoming,  1873, 
VTadiington,  1874,  p.  112. 
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shows  palicontological  affinities  to  the  Devonian  in  its  lowest  mem- 
bers. As  the  above  appellation  is  here  used,  it  implies  a  slight  separa- 
tion, both  lithologieal  and  faunal.  We  have  within  the  region  under  dis- 
cussion a  succession  of  strata  which  can  appropriately  be  separated  into 
two  divisions.  The  older  one  of  these  I  shall  quote  as  "  Subcarbonifer- 
ou8."  This  term  is  synonymous,  in  this  instance,  with  the  "Lower  Car- 
boniferous "  of  some  other  writers,  and  the  analogies  will  be  apparent 
upon  comparing  descriptions. 

Subcarbonifcrous. 

Dr.  Peale  characterizes  the  Subcarbonifcrous  group  of  Colorado  as 
"  mainly  massive  limestones,  grading  below  into  Devonian  (f )."  This, 
in  a  great  measure,  will  express  the  constitution  and  relation  of  the 
parallel  division  near  the  Wind  River  Mountains.  The  third  chain  of 
the  range,  which  has  in  previous  pages  been  regarded  as  analogous  in 
structure  to  hog-backs^  is  composed  of  Carboniferous  strata.  West  of 
Camp  Brown  this  chain  enters  our  district  and  continues  well  delined 
along  the  base  of  the  range  until  it  is  lost  in  the  scattering  hills  east  of 
Miner's  Delight.  If  we  examine  the  western  bases  of  the  isolated  hills 
composing  the'chain,  we  will  find  there  the  exposures  of  Lower  Carbon- 
iferous strata.  They  are  composed  mainly  of  massive  beds  of  limestone, 
slightly  dolomitic  in  part.  Interstrata  of  dolomite  and  some  dolomitic 
shales  separate  them.  Accumulations  of  arenaceous  material  within 
certain  strata  impart  to  them  the  character  of  calcareous  sandstone^. 
Wherever  they  rest  upon  members  of  the  calciferous  series  it  becomes  a  * 
difficult  matter  to  draw  the  line  between  the  two.  It  can  be  accom- 
plished, however,  if  the  latter  are  followed  in  a  southeasterly  direction 
until,  finally,  the  Lower  Carboniferous  is  found  to  rest  directly  on  the  red 
Potsdam  quartzites. 

Conformable  with  over  and  underlying  beds,  this  series  dips  to  the 
northeast.  About  38°  may  be  regarded  as  the  dip  angle.  Locally  this 
is  increased  somewhat,  more  particularly  near  the  ends  of  the  hills  com- 
posing the  outlying  chain.  For  some  distance  upwards  along  the  west- 
ern slope  of  the  hills  the  characteristic,  heavy  beds,  either  of  gray  or 
yellowish  color,  may  be  distinguished.  The  various  interstrata  are  thin, 
and  upon  weathering  show  prominently.  North  of  our  district,  in  the 
regions  of  greater  Palaeozoic  development,  Dr.  Hayden  and  others  have 
recognized  mainly  two  divisions  in  the  Carboniferous  formation.  There, 
as  here,  the  line  of  separation  between  the  two  hns  been  difficult  to 
establish.  No  satisfactory  division  can  be  obtained  ui  the  Wind  River 
region  by  the  occurrence  of  fossils,  and  I  have  therefore  employed,  in  a 
measure,  the  lithologieal  character  to  furnish  it.  We  find,  upon  exam- 
ination, that  the  gray  and  yellow  limestones,  as  well  as  the  included 
dolomites,  disappear  some  distance  above  the  base  of  the  bluffs.  They 
are  covered  and  succeeded  by  massive  beds  of  blue  and  some  almost 
wliite  limestone.  At  the  junction  of  these  two  series  I  place  the  divid- 
ing line.  Besides  being  thus  marked,  it  is  indicated  by  a  change  in  the 
occurrence  of  fossils.  This  change  is  not  so  much  one  of  species  as  one 
of  specimens.  In  the  lower  group  fossils  are  found  but  sparingly,  but 
higher  up  they  occur  more  abundantly.  Regardmg  the  termination  of 
the  Lower  Carboniferous  as  existing  where  it  has  just  been  placed,  we  will 
have  a  thickness  of  600  to  700  feet  for  it.  This  is  subject  to  some  varia- 
tions, dependent  upon  local  widening  of  certain  strata. 

Most  of  the  fossils  contained  in  this  series  are  very  poorly  preserved, 
in  rare  instances,  only,  admitting  of  more  than  generic  determination. 
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We  observed  some  SpiriferSj  Orthis,  Crinoids,  and  Orthocerax.  In  some 
of  the  calcareous  sandstones  indistinct  remains  of  fish-scales  were  found. 
From  what  has  been  said  of  the  relative  position  of  the  strata  compos- 
ing this  group,  it  will  be  seen  that  in  its  horizontal  projection  it  essen- 
tially follows  the  western  base  of  the  third  chain.  Extending  from  the 
northern  border  of  our  district,  it  remains  exposed  until  hidden  from 
sight  by  the  superincumbent  Tertiary  beds  a  short  distance  southeast  of 
Miner's  Delight.  It  again  makes  its  appearance  at  the  Sheep  Mountain 
Group.  The  recurrence  there  will  be  the  subject  of  discussion  in  subse- 
quent pages  of  this  chapter. 

Carboniferous. 

Under  this  head  I  comprise  the  middle  portions  of  the  formation.  The 
entire  series  located  between  the  upper  limits  of  the  Lower  Carboniferous 
and  the  beginning  of  the  Permian  beds  is  one  of  great  uniformity.  Blue, 
massive  limestones,  exhibiting  but  few  variations,  compose  the  entire 
mass.  Near  the  base  of  the  series,  which  is  located  at  about  the  lower 
third  of  the  high,  outlying  hills,  we  find  that  some  of  the  strata  still 
retain  a  slightly  dolomitic  character.  This  is  of  no  orographic  impor- 
tance, however,  as  neither  in  color  nor  mode  of  weathering  they  show 
any  appreciable  difference  from  beds  higher  up.  Ascending  towards  the 
summits  of  the  hills  we  find  that  the  strata  become  very  massive  and  are 
composed  of  blue,  rarely  whitish,  limestone.  Some  strata  may  be  found 
where  this  is  crystalline.  Numerous  fossils  are  inclosed  within  these 
rocks,  nearly  all  of  them  silicified.  This  style  of  petrifaction  has  resulted 
very  disastrously  to  the  preservation  of  exterior  form.  Evidently  the 
process  by  which  the  substitution  of  silica  for  the  original  material  com- 
posing the  shell  was  effected,  is  one  of  infiltration.  Had  the  progress  of 
this  replacement  been  a  perfectly  regular  one,  i.  e.,had  the  removed  par- 
ticles of  calcium  carbonate  been  replaced  immediately  by  silica,  the  re- 
sult would  have  been  different.  Instead  of  a  complete  pseudoinorpb, 
however,  we  find  but  partial  ones,  rendering  the  details  and  often  even 
general  form  of  the  fossils  very  imperfect. 

Throughout  the  limestones  of  this  group  we  observe  large  quantities 
of  siliceous  concretions.  They  occur  in  numerous  shapes.  Either  nar- 
row veins,  irregular  inclusions,  geodes  lined  with  brilliant  crystals,  or 
seams  tilling  systems  of  small  fissures,  traverse  the  entire  rock.  Flint, 
jasper,  chalcedony,  hornstone,  basanite,  and  white  or  yellow  quartz,  com- 
pose these  included  masses.  They  may  be  regarded  as  typical  for  this 
group  of  the  Carboniferous  formations.  Although  they  extend  down- 
ward into  the  underlying  strata,  they  are  not  found  in  the  same  large 
quantities,  neither  are  they  so  persistent  in  their  horizontal  and  verticle 
distribution. 

There  were  but  few  fossils  obtained  from  this  group,  owing  to  their 
mineralogical  character.  Among  those  found  were  Productus  semwtria- 
twfjSpirlferj  OriJiis,  Athyrti,  Crinoids,  and  near  the  base  Orthoceras. 

Following  the  Carboniferous  group  southeastward  from  the  northern 
border  of  our  district,  we  find  that  it  composes  the  bulk  of  the  outlying 
hills.  Dipping  almost  uniformly  toward  the  northeast,  the  angle  of  in- 
clination is  about  30°  to  40°.  Toward  and  on  the  western  slopes  of  the 
hills,  we  find  it  somewhat  larger  than  farther  eastward.  As  we  proceed 
along  the  eastern  slope  of  third  chain,  we  find  it  cut  transversely  by 
t? C^fif ™US  8treams  °*  *^e  "Wind  ltiver  drainage.  First,  we  cross  the 
^forth  Fork,  Baldwin's  Creek,  and  some  smaller  tributaries.  These  pass 
uuvugh  open  gaps  which  break  the  continuity  of  the  hills.    Maintainiug 
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a  very  even  altitude,  we  suddenly  come  across  a  deep.narrow  gulf  in 
the  rocks.  Tlirough  this  flows  the  Little  Popo-Agie.  The  cauon  is  not 
a  straight  rent  across  the  strata,  but  runs  in  a  zigzag  line.  This  feature 
is  one  endowing  it  with  additional  beauty.  Regarding  its  formation  it 
may  be  said  that  it  can  scarcely  be  considered  as  the  result  of  erosion, 
but  rather  as  that  of  seismic  action.  It  is  highly  probable  that  other 
passages  across  this  chain  owe  their  present  location  to  the  formation  of 
Assures  which  must  be  ascribed  to  the  same  cause.  In  case  these  ex- 
tended but  a  short  distance  downward,  fluviatilc  erosion  would  tend  to 
widen  them,  until,  eventually,  a  broad  "gate7'  has  been  produced.  Con- 
tinuing along  the  hills  in  the  same  direction  as  above,  we  find  that  Twin 
Creek  is  forced  to  make  a  considerable  detour  along  their  western  base 
before  it  finds  apoint  where  it  can  cross.  Shortly  after  that  has  been 
reached  we  see  Tertiary  strata  covering  the  Carboniferous  and  shutting 
their  southeasterly  continuation  out  of  sight. 

Along  the  same  line  of  travel  we  find  two  further  features  which 
change  gradually  as  we  advance  southward.  The  first  of  these  is  the 
decline  of  dip-angle.  While  we  have,  west  of  Camp  Brown,  a  dip  of  3C° 
to  40°,  we  find  that  east  of  Miner's  Delight  this  has  decreased  to  about 
30°  to  35°.  As  a  rule,  the  diminution  of  the  angle  occurs  at  a  very  reg- 
ular ratio.  Besides  this  fact,  we  notice  a  change  in  the  relative  position 
of  the  Carboniferous  strata  and  those  belonging  to  younger  groups.  West 
of  Brown  the  Mesozoic  beds  reach  upward  a  considerable  distance  upon 
the  eastern  slopes  of  the  hills.  Near  Miner's  Delight,  however,  the  entire 
slope  exposes  Carboniferous  beds.  Although  the  ratio  of  recession  to 
the  eastward  is  not  so  uniform  as  that  of  the  decreasing  dip,  it  is  suffi- 
ciently constant  to  be  regarded  as  a  striking  characteristic.  On  the 
surfaces  of  limestones  thus  exposed  to  atmospheric  action,  we  observe 
peculiar  results  produced  by  erosion.  The  impregnation  of  siliceous 
matter  is  an  irregular  one,  and  its  distribution  is  indicated  by  the  cor- 
rugated surfaces  produced  by  erosion.  Numerous  white  fossils  not  un- 
frequently  cause  the  formation  of  small  columnar  products  of  erosion 
resembling  stylolites.  The  exposure  of  Carboniferous  rocks,  so  far  as  in 
direct  connection  with  the  Wind  River  Range,  ends  a  short  distance 
southeast  of  Miner's  Delight.  I  have  considered  it  best  to  treat  first  of 
those  portions  most  intimately  related  to  the  range,  before  describing 
the  isolated  occurrences  farther  east.  These  latter  owe  their  present 
l>osition  to  different  causes  from  the  former,  and  are  geologically  sepa- 
rated therefrom,  although  geognostically  and  lithologically  identical. 

So  far  as  our  observations  extend,  no  strata  have  been  found  in  con- 
nection with  the  Carboniferous  formation  that  can  be  proved  to  be  Per- 
mian. Immediately  resting  upon  the  limestones  we  find  a  series  of 
shales,  sandstones,  and  some  dolomitic  limestones.  Although  I  am  not 
prepared  to  furnish  any  paheontological  evidence  of  its  age,  I  am  inclined 
to  separate  the  group  at  least  provisionally.  It  will  be  spoken  of  in 
subsequent  pages  as  Permian.  In  case  future  investigations  prove  that 
it  should  not  be  regarded  as  Permian,  it  must  be  referred  to  the  base  of 
the  Mesozoic  formations. 

PALEOZOIC  FORMATIONS  EAST  OF  TIIE  WIND  BIVEB  RANGE. 

Subcarboniferous. 

East  of  the  Wind  River  Range,  Carboniferous  rocks  have  been  brought 
to  the  surface  by  virtue  of  serious,  more  or  less  extended,  stratigraphical 
disturbances.    Examining  Sheep  Mountain,  we  find  that  its  summit  is 
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composed  of  white  and  light  yellow  quartzitic  rocks.  Descending  either 
east  or  west,  we  observe  that  these  are  overlaid,  first,  by  magnesian 
limestones,  unchanged,  and  then  by  massive  beds  of  blue  limestone. 
We  have,  in  this  instance,  a  protrusion  of  Subcarboniferous  rocks  along 
a  definite  anticlinal  axis.  Ne^pthe  central  line  of  upheaval,  we  find 
them  thoroughly  metamorphosed.  Toward  the  north  they  are  soon 
hidden  from  sight  under  the  heavy  limestone  strata.  Following  the 
outcrop  southward,  we  find  that  the  axis  of  the  fold  turns  in  a  south- 
westerly direction,  exposing  the  older  series  on  high  points.  Occasion- 
ally a  canon  is  cut  down  deeply  through  the  Carboniferous  limestones. 
and  there  again  we  see  the  Subcarboniferous  strata.  The  white  ana 
yellow  qnartzites  of  the  region  are  evidently  the  metamorphosed  calca- 
reous sandstones  which  have  been  mentioned  in  previous  pages.  Ap- 
proaching the  northern  edge  of  the  Sweetwater  group  while  following 
the  anticlinal  axis,  we  fiud  that  not  only  Subcarboniferous  beds  lie  ex- 
posed, but  that  Potsdam  sandstone  and  granite  make  their  appearance. 
A  few  strata  above  the  former  might  be  referred  to  the  Calciferous  series, 
but  they  are  very  insignificant.  Necessarily  the  area  of  these  older 
rocks  is  a  restricted  one,  as  the  dips  on  either  side  of  the  axis  of  upheaval 
are  very  steep.  Younger  groups,  leaning  directly  up  against  the  former, 
lender  their  outcrops  quite  narrow. 

Carboniferous. 

Conformable  in  every  respect  with  the  Subcarboniferous  group  are 
the  limestones  belonging  to  this  series.  In  their  general  arrangement, 
as  well  as  in  their  detail  features,  they  show  no  variation  from  the  char- 
acter as  exhibited  by  the  same  group  farther  west.  After  they  have 
disappeared  from  the  surface  for  some  distance,  we  first  find  them  again 
forming  the  slopes  of  Sheep  Mountain.  Here,  as  elsewhere,  the  thickness 
of  these  massive  limestones  amounts  to  about  2,000  to  2,200  feet.  Near 
the  northern  base  of  the  mountain  they  sink  out  of  sight,  but  continue 
for  some  distance  on  the  southern  side.  Forming  there  the  narrow, 
walled  canon  of  Beaver  Creek,  they  extend  south  and  southwest  toward 
the  northern  edge  of  the  Sweetwater  group.  In  their  course  they  follow 
the  anticlinal  axis  of  this  region.  Owing  to  a  diminishing  dip,  both 
toward  the  east  and  west,  they  are  exposed  over  a  considerable  area. 
So  far  as  I  could  determine,  no  unbroken  surface-connection  exists  be- 
tween these  Carboniferous  beds  and  those  of  the  third  chain,  so  long  as 
both  remain  within  the  area  of  Wind  lliver  drainage. 

On  the  south  side  of  Beaver  Creek  a  very  interesting  series  of  springs 
was  noticed  in  the  Carboniferous  limestones.  A  gentle  slope  leads  north- 
ward toward  the  stream  from  the  higher  hills  along  the  anticlinal  axis.  In 
the  limestones  of  this  slope  we  observe  a  vertical  opening.  It  has  the 
form  of  an  ellipse,  is  about  200  feet  long,  150  wide,  and  120  deep.  Some 
process,  whereby  a  cave  of  corresponding  proportions  had  been  excavated, 
liad  rendered  the  roof-rock  unsafe  until  it  fell  down.  The  walls  of  the 
44 hole"  are  i>erpendicular,  and  show  the  influence  of  chemical  action. 
A  short  distance  downward  from  this  opening  there  is  a  hot  sulphur 
spring.  It  bubbles  up  out  of  the  rocks  through  a  deposit  of  fine  sand 
and  some  gravel,  emitting  large  quantities  of  sulphuretted  hydrogen  gas. 
The  temperature  of  the  water  is  90°  F.  A  few  hundred  yards  below  we 
find  another  spring,  containing  the  same  kind  of  water,  but  ice-cold.  On 
the  bottom  of  the  hot  spring  the  pebbles,  when  taken  from  it,  show  a 
thin  gold-colored  coating.  This  is  very  uniformly  spread  over  them,  is 
bright,  and  is  composed  of  pyrrhotite,  nearly  simple  sulphide  of  iron. 
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We  notice,  occasionally,  in  this  region,  as  well  as  farther  west,  that  some 
of  the  Carboniferous  strata  contain  impregnations  of  pyrite.  A  decom- 
position of  this  mineral,  together  with  such  changes  to  which  the  adjacent 
rocks  would  necessarily  he  sul  ijecJiJj|^^gcniTar  B  a  considerable  amount 
of  heat  I  consider  it  prohnh^iH  I^Biininn-  cave,  which  occurs  near 
the  springs,  at  one  time  .  <  - .:  i  <  .  ^^P-rvnir  which  supplied  the  latter. 
It  is  possible  that  at  the  pres^^^H  another  one  exists,  still  intact, 
therefore  not  revealing  its  l>^^|  ^m  This  view  receives  some  support 
from  the  fact  that  the  uearefl^Hg  is  the  hot  one.  while  the  other, 
though  showing  the  same  composition  ami  passing  through  the  same 
kind  of  rocks,  is  cold. 

A  section  given  with  the  succeeding  pages  will  easily  render  clear  what 
has  been  said  with  reference  to  the  stratigraphical  features  of  the  pre- 
ceding groups.  They  present  a  highly  interesting  field  for  study,  one 
to  which  an  entire  season  could  be  far  more  appropriately  devoted  than 
a  few  weeks. 

Permian  Group. 

Wherever  the  Permian  group  has  been  observed  in  the  West^  its  defi- 
nition as  such  has  been  a  matter  of  more  or  less  difficulty.  A  want  of 
characteristic  fossils  and  the  sporadic  appearance  of  the  series  has  had. 
to  be  contended  with.  So  far  as  any  identifications  have  been  made 
which  are  entitled  to  consideration,  we  find  that  Permian  strata  occur 
in  Kansas,  Colorado,  and  the  Northern  Territories.  Meek  and  Uayden 
have  obtained  fossils  from  the  beds,  and  regard  the  determination  of  the 
beds  containing  them  as  established.  It  may  be  regarded  as  a  rule  that 
the  group  comprises  mainly  yellow  and  red  sandstones  and  shales  with 
some  dolomites.  In  case  these  exhibit  but  a  slight  thickness,  they  may 
frequently  be  overlooked  and  added  to  the  massive  red  beds  generally 
overlying  them. 

Descending  the  eastern  Carboniferous  slope  of  Twin  Peak,  wo  reach  a 
low  valley  trending  about  northwest  to  southeast.  We  find,  upon  exam- 
ination, that  a  portion  of  the  slope  is  composed  mainly  of  reddish  and 
yellow  sandstones,  interstratifled  with  shales.  Within  the  shales  we  see 
thin  banks  of  hard,  crystalline  dolomites,  and  higher  up  there  are  thin 
banks  of  gypsum.  The  summit  of  each  little  ridge  is  formed  by  a  hard 
sandstone,  sometimes  quartzitic.  Atmospheric  action  has  bleached  some 
of  the  rocks,  and  they  show  pink,  light  yellow,  and  eveu  white  colors. 
Taking  this  series  of  strata,  which  is  closed  by  a  massive  bed  of  white 
to  light  yellow  sandstone,  as  a  whole,  we  find  that  its  main  bulk  is  made 
up  of  sandstones.  Generally  these  are  thinly  stratified,  containing  nar- 
row beds  of  yellow,  pink,  and  gray  shales  between  them.  The  group 
rests  directly  upon  the  hard  blue  Carboniferous  limestones,  and  is  covered 
by  the  red  beds  of  Mesozoic  age.  Estimating  the  thickness  of  the  group 
near  this  locality,  we  may  regard  it  as  about  250  tect.  Within  these  limits 
are  confined  the  strata  wliieh  I  refer  to  the  Permian.  No  fossils  were 
found  within  them,  except  a  few  indistinct  remains  of  plants.  l)r.  Hay- 
den  has  mentioned,  in  speaking  of  the  Permian  of  Kansas,  that  there 
the  upper  two  or  three  hundred  feet  of  the  group  are  probably  "  on  a 
parallel  with  the  Permian  of  Europe."  In  uase  typical  Carboniferous 
fossils  extended  upward  into  this  series,  we  would  probably  have  found 
them,  and  I  am  inclined  to  thin!;,  therefore,  that  they  are  wanting. 
Probably  only  a  very  limited  flora-,  with  perhaps  a  few*  invertebrates, 
existed  at  this  region,  and  but  a  small  number  of  the  specimens  were 
preserved. 

Following  this  outcrop  of  Permian  to  the  southward  we  find  that  it 
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disappears  under  the  Tertiary  beds  of  the  Sweetwater  Group.  Toward 
the  north  it  can  be  traced  between  the  eastern  end  of  the  Carboniferous 
limestones  and  the  western  edge  of  the  Mesozoic  red  beds.  Similar  in 
lithological  constitution,  it  diiw^^tllmvK  the  outlines  produced  by  ero- 
sion in  the  latter.  Subjci-t, iltttH.^r  .  ii.  -  i»,  these  two  groups  show 
a  similarity  of  weathering  <'ii'^^H  HP'  removal  that  renders  the  Per- 
mian liable  at  many  pin  res  to^^^^Uooked.  Northward  a  thinning 
out  of  its  strata  may  he  nbsei -vc^^^Kt  continues  mibrokenly  through 
our  district  to  the  forty-third  l"in^H^t  such  points  where  the  Car- 
boniferous strata  have  been  hmugliWt  the  surface  we  observe  the  Per- 
mian strata  in  the  same  relative  position  to  them  as  they  are  ou  Twin 
Creek.  As  a  rule  they  have  permitted  the  formation  of  depressions  run- 
ning parallel  with  the  strike  of  the  strata.  In  order  to  make  clear  the 
stratigrapbical  arrangement  of  Paleozoic  strata  along  a  line  from  the 
Wind  River  Mountains  to  Sheep  Mountain,  a  section  is  her© introduced. 
It  will  explain  more  readily  than  can  1»  done  by  words  the  relative  po- 
sitions of  the  groups  that  have  been  treated  of  above. 

The  annexed  section  (Section  I)  runs  from  the  Wind  River  Range  to 
Sheep  Mountain  in  a  direction  nearly  east.  In  the  western  portion  of 
the  section  the  arrangement  of  prepaheozoic  rocks  is  represented.  Upon 
the  prozoic  granite  («)  rest  the  oldest  met  amorphic  schists  (&).  These 
contain  the  metalliferous  veins,  which  are  indicated.  Above  the  schists 
we  find  the  granites  (c)  of  the  main  chain.  The  schists  forming  the 
steep  eastern  aloi»e  (hh)  are  given.  Mctamorpliie  granite  Ut)  forms 
.  the  chain  of  foot-hills.  Descending  with  this  wo  reach  the  Potsdam 
sandstone  (c)  directly  overlying  it.  A  pinching  out  of  the  caleiferous 
series  (/) has been  represented  by  the  twoconverginglines.  Above  this  we 
find  the  series  of  Subcarlwniferous  strata  (ij)  occupying  the  western  base 
of  the  outlying  third  chain.  Massive  beds  of  Carboniferous  blue  lime- 
stones (A)  make  up  the  main  portions  of  the  hill  and  slope  eastward  to- 
wards the  younger  sedimentary  region.  At  the  eastern  edge  of  the  ex- 
posure of  this  group  we  find  the  Permian  strata  {!).  Above  them  the 
lied  Beds  (A).  Thus  far  the  dip  has  beeu  a  steady  easterly  one,  its  angles 
being  indicated  on  the  drawing. 

By  following  the  line  showing  the  upper  termination  of  Permian  beds 
(i)  we  will  find  that  the  easterly  dip  gradually  diminishes,  farther  on  is 
entirely  obliterated,  and  then  turns  into  a  westerly  one.  We  have,  then, 
the  formation  of  a  synclinal  fold  within  this  group.  On  the  line  of  our 
section  the  beds  are  broken  off  and  no  connection  exists  at  that  point 
with  those  farther  east.  Tracing  in  a  similar  manner  the  flexures  of  the 
massive  blue  limestone  (It),  we  find  that  the  same  conditions  exist  hen1. 
When  we  reach  the  Snbcarboniferous  strata  (#),  we  lire  enabled  to  form  the 
connection  to  the  east.  In  that  direction  a  sharp  anticlinal  axis  succeeds 
the  synclinal  fold,  carrying  the  strata  up  to  considerable  elevation.  The 
culmination  of  tho  latter  is  reached  on  the  summit  of  Sheep  Mountain. 
From  there  the  beds  fall  off  toward  both  west  and  east.  On  the  latter 
side  we  find  the  counterpart  of  what  was  seen  from  the  base  of  the  third 
chain  toward  the  east.  Superimposed  upon  the  Permian  are  a  number 
of  Mesozoic  formations,  which  will  1h'  considered  further  on.  Through- 
out this  entire  section  the  various  lied",  show  a  remarkable  uniformity  of 
thickness  and  lithological  character.  They  are  entirely  confon  liable  and 
show  no  disturbances  of  continuity.  Viewing  the  elevation  of  Sheep 
Mountain,  we  see  that  thereby  an  S-shanccI  flexure  of  a  considerable 
thickness  of  strata  has  been  produced.  From  evidence  obtained  in  the 
vicinity,  we  are  enabled  to  say  that  the  Potsdam  sandstones  are  prob- 
ate probably  to  be  found  directly  underlying  the  Subcarboniferous  group 
at  Sheep  Mountain. 
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REVIEW  OF  THE  PALEOZOIC  GROUPS  DIRECTLY  EAST  OF  THE  WIND 

RIVER  RANGE. 

Although  the  series  of  palaeozoic  formations  east  of  the  range  is  incom- 
plete, it  is  rendered  very  interesting  by  #ie  regular  superposition  of  its 
members,  and  by  the  uniformity  with  which  the  different  groups  partici- 
pate in  the  effects  produced  by  dynamical  disturbances.  A  table,  indi- 
cating the  succession  of  strata,  is  here  produced,  which  may  facilitate 
the  comparison  of  this  region  with  others : 

Permian  group : 
Red  and  yellow  sandstones  and  shales  near  base.    Thin  banks  of  dolomite  in 
the  shales.    Yellow  sandstones,  partly  qnartzitie  and  gray,  yellow,  and  pink 
shales  higher  up.    Sandstones  of  lighter  shades  and  some  gypsum  near  top. 
Thinning  out  toward  the  north. 
Thickness 250  feet. 

Carboniferous  group : 
Massive  beds  of  blue,  partly  crystalline  limestones.  Near  base  magnesian 
limestones  interstratificd  with  the  others.  Concretions,  nodules,  and  small 
veins  of  several  varieties  of  quartz  traversing  the  entire  mass.  Fossils  (sili- 
cified) :  Productus,  Orthis,  Crinoids,  Orthoceraa,  JSpiri/er,  Spingera,  and  others. 
Thickness 2,000  to  2,200  feet. 

Subcarboniferous  group : 
Dolomites  and  dolomitic  limestones  near  base.  Calcareous  sandstones  and 
some  yellow  and  brownish  shales  iuterstratitied.  General  color  of  the  rocks 
yellow  and  gray.  Some  of  the  strata  blue.  Concretions  of  quartz  not  so 
frequent  as  in  the  preceding  group.  Fossils  (mostly  silieified):  Spirifer, 
Orthis,  Cnnoids,  Corals,  Orthoceras,  Productus,  Cltanetes,  Sp%r\ferina,  and 
others. 
Thickness COO  to  700  feet 

Calciferous  group : 
Blue  and  whitish  limestones  and  dolomites.    Oolitic  in  part.    Interstratificd 
with  some  thinly-banded    shales.     Fossils:    Orthistritonia,   Dicellocephalus, 
Thcca  (7),  Corals,  and  others.     (Gradually  pinching  out  to  the  southward.) 
Thickness 220-280  feet. 

Potsdam  group : 

Massive  and  thin  beds  of  quartzite.  Color  varies  from  bright  red  to  deep  rusty 
brown.  Narrow  interstrata  of  dark  brown  metamorphosed  shales.  Rests 
directly  on  the  granites.  Juuct ion-line  often  obscured  on  account  of  meta- 
morphism.    Fossils :  Lingula,  Obolus,  Obolella.    Thickness 280  to  320  feet. 

Total  thickness  of  palaeozoic  formations  east  of  Wind  River  Range..  3,350  to  3,750  feet. 

MESOZOIC  FORMATIONS. 

TRIAS. 

In  Colorado  and  at  other  localities  we  are  accnstomed  to  regard  the 
extensive  series  of  " Red  Beds"  as  Triassic.  Thus  far  no  paheontological 
evidence  has  been  adduced  in  direct  support  of  this  view.  Examining  the 
lithological  character  of  the  series,  we  find  that  it  closely  corresponds 
with  that  exhibited  by  the  Keupcr  of  the  European  trios.  This  latter, 
similar  to  our  Red  Beds,  is  totally  devoid  of  fossils  through  about  five- 
sixths  of  its  vertical  dimension.  As  we  cannot,  however,  utilize  such 
similarities  for  the  purposes  of  establishing  identity  of  formation,  we  are 
forced  to  regard  the  definite  geological  position  of  the  Red  Beds  as 
unsettled.  With  this  proviso,  we  shall  speak  of  "  Triassicr'  strata  in  this 
report.  Subsequent  investigations  may  produce  material  which  will 
confirm  the  views  provisionally  held,  or  they  may  radically  change  them. 
A  large  proportion  of  the  fossils  that  might  be  expected  to  occur  in  the 
Red  Beds,  will  probably  prove,  if  found,  either  to  offer  but  little  infor- 
mation or  to  simply  afford  ample  material  for  discussion  as  to  their  cor- 
rect interpretation. 
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Within  our  district  the  Triassic  beds  have  reached  a  good  development 
and  are  exposed  very  frequently.    One  of  the  best  known  occurrences 
cast  of  the  Wind  River  Range  is  that  of  Red  Canon.    If  we  stand  on 
Twin  Peak  and  look  towards  the  northeast,  we  will  have  before  us  a 
gradual  slope  down  to  the  narrow  valley  of  Deep  Greek.    Rising  imme- 
diately upon  the  eastern  bank  of  this  small  stream  we  see  a  steep  red 
wall,  continuing  for  the  distance  of  several  miles.    The  remarkable  bril- 
liancy of  color  renders  it  a  very  striking  feature  of  the  landscape.    An 
examination  of  this  wall  will  reveal  the  fact  that  it  is  composed  almost 
entirely  of  bright  red  shales  and  sandstones.    Near  the  base  of  the  series 
we  lind  red  sandstones,  highly  argillaceous  and  rather  thinly  bedded. 
A  little  higher  up  the  strata  grow  thicker  and  somewhat  coarser.    They 
are  separated  from  each  other  by  thin  layers  of  very  fine-grained  shale. 
Thus  far  we  have  seen  about  the  lower  third  of  the  group.    Above  that 
thick  beds  of  red  shale  set  in,  weathering  in  characteristic  forms.    Numer- 
ous vertical  seams  aid  the  progress  of  erosion.    Near  the  top  of  these 
shales  we  find  thin  beds  of  sandstone,  more  or  less  coarse  grained,  usu- 
ally red,  but  sometimes  pink  and  white.    Throughout  the  shales  we  meet 
with  narrow  "  ledges "  composed  of  very  compact  gray  and  yellow  dolo- 
mite.   Small  cavities  and  seams  in  them  are  lined  by  crystals  of  the 
same  mineral.    Above  the  shales  and  thinly  bedded  sandstones,  we 
again  observe  massive  strata  of  the  latter.    Shales  close  the  group. 
Both  near  the  base  and  the  top,  isolated  layers  of  pink  and  white  sand- 
stones may  be  noticed.    As  a  rule,  we  may  accept  two  horizons  for 
coarse-grained  sandstones^  although  they  are  essentially  a  local  product. 
Near  the  base,  and  again  in  the  upper  third  of  the  series,  they  are  found. 
The  thickness  of  the  Triassic  beds  at  this  locality  may  be  regarded  as 
about  800  feet. 

In  this  region,  as  well  as  elsewhere  within  our  district,  we  find  the 
Iteil  Itels  directly  overlying  the  Permian  strata,  and  covered  by  Jurassic 
limestones.    From  the  section  previously  given,  it  will  be  seen  that  the 
Triassic  l>eds  (k)  are  perfectly  conformable  with  both  under  and  overly- 
ing jrroups.     Following  the  outcrop  southward  from  Red  Canon,  we 
find  that  the  red  sandstones  and  shales  retain  a  prominent  position  until 
closely  approaching  the  Sweetwater  group.    There  the  southwesterly 
direction  of  the  anticlinal  axis  causes  a  preponderance  of  palaeozoic 
rocks,  the  greater  portion  of  the  younger  groups  disappears,  and  the  Red 
Beds  are  crowded  into  a  narrow  space.    Finally  they  disappear  under 
the  Tertiary  strata,  not  again  to  be  exposed  until  many  miles  farther  to 
the  eastward.    North  of  Red  Caiion  the  Triassic  strata  first  make  a  turn 
*hieh  brings  them  liigh  up  on  the  eastern  slope  of  the  third  chain. 
Receding  again  they  fonn  a  series  of  bluffs  along  the  base  of  this  chain 
until  they  pass  beyond  the  limits  of  our  district.    So  far  as  the  out-crops 
have  l>een  described  the  strata  have  a  general  dip  east  and  northeast^ 
amounting  to  32°  to  30°.    At  the  highest  point  reached  by  them  this- 
aujrle  is  somewhat  increased. 

We  find  that  along  this  line  of  exposure  the  Triassic  strata  presents 
but  a  small  area.  Rapidly  removed  by  erosion  on  the  west  side,  they  are 
covered  by  younger  formations  a  short  distance  eastward.  Reverting 
again  to  Section  1,  it  will  be  seen  that  the  Red  Beds  form  prominent  bluffs 
°"  cither  side  of  Sheep  Mountain.  On  the  east  side  they  present  a 
steep,  quadiicircular  wall  similar  to  that  on  Deep  Creek.  From  there 
southward  the  bluff-line  follows  the  strike  of  the  Carboniferous  lime- 
stones, until  finally  both  are  lost  under  the  beds  of  the  Sweetwater 
Group.  North  of  Sheep  Mountain  we  find  different  conditions,  however. 
A  thickening  of  the  entire  series  is  noticeable,  which  reaches  over  1,000 
feet  Following  down  Twin  Creek  to  its  junction  with  the  Little  Popo- Agve, 
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we  find  ourselves  very  nearly  on  a  line  with  the  anticlinal  axis  which  is 
marked  by  such  prominent  results  farther  south.  The  Carboniferous 
beds  have  sunk  out  of  sight  with  the  exception  of  those  belonging  to  the 
Permian  group.  Near  the  junction  of  Cottonwood  with  Twin  Creek  they 
too  disappear.  Approaching  the  Little  Popo-  Agie  we  find  ourselves  once 
more  standing  upon  Permian  strata,  while  Triassic  beds  flank  Twin  Creek 
on  either  side.  Here,  evidently,  the  force  which  produced  the  anticlinal 
fold  asserted  itself  with  great  violence.  Although  the  Carboniferous  lime- 
stones do  not  again  appear,  the  red  beds  occupy  prominent  positions  on 
the  high  bluffs  they  form  near  the  junction  of  the  two  streams.  At  this 
locality  the  amplification  of  Triassic  strata  can  be  well  observed.  Near 
their  base  thick  beds  of  gypsum  set  in,  measuring  sometimes  4  and  5  feet. 
Gypsum,  when  stratified,  is  essentially  a  local  deposit,  and  we  therefore 
find  the  beds  thinning  out  rapidly  in  every  direction.  At  the  junction 
of  Twin  Creek  and  the  Little  Popo-Agie  the  axis  of  the  anticlinal  fold 
makes  a  turn  to  the  northeast,  and  is  soon  lost  entirely.  On  the  Big 
Popo-Agie  it  appears  again,  exposing  Triassic  beds  to  view.  In  subse- 
quent papers  this  interesting  stratigraphical  phenomenon  will  be  dis- 
cussed more  Gbnnectedly. 

About  two  miles  below  the  entrance  of  Twin  Creek  into  the  Little 
Popo-Agie  we  find  a  very  fine  petroleum  spring.  It  is  located  on  the 
south  side  of  the  last-named  stream,  issuing  from  the  base  of  a  small 
bluff  there.  During  the  hot  season  the  oil  appears  to  flow  for  some  dis- 
tance. It  has  saturated  the  sand  and  gravel  in  the  valley,  in  some  in- 
stances firmly  cementing  it.  Evidently  the  spring  has  been  active  for  a 
long  period  of  time,  as  we  observe  the  coagulated  oil  on  the  northern 
side  of  the  stream.  This  at  the  present  time  is  shifting  its  course  in  that 
direction:  consequently  the  oil  at  present  found  there  must  have  been 
deposited  a  very  long  time  ago.  For  some  distance  the  smell  of  petro- 
leum indicates  the  presence  of  the  spring.  Its  location  is  convenient 
and  the  oil  of  sufficiently  good  quality  eventually  to  prove  valuable. 
So  far  as  my  examination  extended,  it  appeared  to  me  that  the  petro- 
leum must  collect  from  the  various  deposits  of  shale  in  that  region, 
thus  rendering  its  point  of  outflow  one  rather  determined  by  accident 
than  by  an  extraordinarily  great  impregnation  of  the  rocks  found  in  its 
immediate  vicinity. 

JURA. 

Generally  the  strata  of  variegated  shales  and  marls,  associated  with 
some  limestones  which  are  found  superincumbent  upon  the  red  beds, 
have  been  regarded  as  Jurassic.  In  Colorado  and  other  localities  south 
of  the  forty-second  parallel,  fossils  have  been  obtained  which  render  this 
determination  justifiable.  Within  the  Northern  Territories  Dr.  Hay- 
den  and  others  have  found  fossils  which  tend  to  show  that  the  fauna! 
x  development  of  the  Jura  there  more  closely  coincides  with  that  of  Europe 
than  farther  south.  Several  species  have  been  collected  which  belong  to 
European  genera  and  are  scarcely  specifically  separable. 

East  of  the  Wind  River  Range  we  observe  a  number  of  exposures 
belonging  to  this  formation.  Besting  directly  upon  the  uppermost  red 
shales  of  the  Triassic  strata,  we  find  a  narrow  band  of  dark,  calcareous 
shales.  These  are  covered  by  several  prominent  banks  of  dark-blue  and 
gray  limestone.  For  some  distance  upward  follows  a  succession  of 
shales  and  limestones.  Isolated  interstrata  of  light  yellow  or  white  sand- 
stones appear  above  this  in  some  yellow  marls.  Higher  up,  yellow,  pink, 
greenish,  and  white  marls  and  shales  close  the  formation.  A  thickening 
of  the  strata  may  be  observed  as  we  approach  Sheep  Mountain.  For 
the  entire  Jurassic  series,  so  far  as  it  enters  into  consideration  in  this 
chapter,  we  may  accept  a  thickness  of  200  to  220  feet. 
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In  the  lower,  heavy  banks  of  dark  limestone  as  well  as  in  the  higher 
ones  alternating  with  shale,  we  find  innumerable  fossils.  Though  the 
most  diligent  search  was  made  at  a  number  of  localities,  we  could  find 
hut  very  few  species.  Dr.  Hayden  in  1857  obtained  a  good  series  in 
the  Black  Hills.  During  1872,  additional  collections  were  made  by  the 
members  of  his  survey  in  the  -Northern  Territories.  From  these  it  ap- 
pears that  the  conditions  requisite  for  sustaining  a  more  varied  fauna 
were  favorable  in  those  regions  as  compared  to  the  one  at  present  under 
consideration.  We  found  large  numbers  of  a  Peetm  (Camptonectes)  closely 
resembling  P.  gldber  of  the  European  lower  Lias.  Two  species  of  Belem- 
mites,  resembling  B.  brevis  and  B.  acutw,  were  associated  with  the  former. 
and  very  abundant.  Gryphcea,  related  to  0.  arcuata,  but  smaller,  occurred 
sparingly.  Comstock,  farther  north,  obtained  IAngula,  Rhynchonella,  and 
ModioUu  Although  the  fossils  found  are  not  what  might  be  expected  or 
hoped  for,  they  are  sufficiently  characteristic  to  characterize  the  age  of 
the  formation — if  taken  in  conjunction  with  other  points — beyond  doubt. 
Although  we  found  Jurassic  exposures  many  miles  apart,  the  arrange- 
ment and  mode  of  occurrence  of  the  fossils  did  not  vary. 

In  its  surface  appearances  the  Jurassic  series  closely  follows  the  Eed 
Beds.  Wherever  the  latter  are  exposed,  there  we  find  the  former.  Tak- 
ing part  in  the  various  plications  and  flexures  to  which  the  older  series 
is  exposed,  we  always  find  the  characteristic  dark  limestones  and  light- 
colored  marls  associated  with  it-  Toward  the  east  a  slight  increase  of 
thickness  may  be  observed,  but  so  far  as  the  strata  were  exposed  within 
our  district  it  is  unimportant 

Besides  the  regions  which  have  heretofore  been  mentioned  as  showing 
outcrops  of  Mesozoic  formations,  there  is  still  another  within  the  area  of 
Wind  River  drainage.  This  is  located  along  the  edge  of  the  Sweetwater 
Plateau,  about  north  of  the  western  terminus  of  the  Granite  Hills. 
There  we  find  an  anticlinal  fold  which  has  produced  very  marked  effect. 
The  Pakezoic  rocks  have  been  raised  to  considerable  elevation,  and  now 
are  seen  as  hills  on  the  plateau.  A  little  north  of  the  edge  of  the  latter 
the  upheaval  terminates,  and  there  we  find  the  Mesozoic  strata  resting 
on  the  Carboniferous,  in  a  partiversal  arrangement  of  dip.  As  this  is  a 
steep  one,  the  beds  soon  disappear  under  younger  ones,  and  the  former 
continuity  of  the  Cretaceous  beds  is  reestablished.  In  the  Sweetwater 
Hills  we  find  the  southeastern  extension  of  both  Trias  and  Jura,  occur- 
ring there  in  the  same  relative  positions  as  directly  east  of  the  Wind 
River  Mountains. 

A  section  (Section  H)  extending  from  Sheep  Mountain  along  Beaver 
Creek  down  stream  as  far  as  our  work  carried  us,  will  represent  the  east- 
ern slope  of  the  great  anticlinal  fold.  The  lettering  is  the  same  as  on 
Section  I,  new  designations  having  been  added  for  those  groups  not 
above  included.  We  find  in  this  section  a  decided  amplification  of  the 
Triassic  group  (k).  Above  the  bright-red  shales  we  observe  an  extensive 
series  of  light  red,  and  yellow,  and  some  white  sandstones.  While  the 
lower  mass  remains  tolerably  constant  in  its  vertical  dimension,  this  addi- 
tion increases  the  total  thickness  about  300  to  400  feet.  Above  the  varie- 
gated sandstones  and  shales  of  this  upper  group  we  find  the  Jurassic 
limestones  and  marls  (i)  directly  overlying.  From  the  section  will  be 
seen  the  gradual  decrease  of  dip  as  we  proceed  northeastward.  This 
line  of  sections  carries  us  beyond  a  point  where  the  effect  of  the  upheaval 
near  the  Sweetwater  Plateau  could  be  felt.  Resting  on  the  Jurassic  beds 
we  observe  the  three  groups  of  the  Cretaceous  formation.  They  are  con- 
formable throughout  with  older  rocks,  and  tend  to  assume  horizontal 
stratification  as  they  pass  into  the  low  country  nearer  the  main  drainage. 
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By  supplementing  Section  I  with  Section  II  a  view  of  the  entire  series 
of  conformable  sedimentary  strata  may  be  obtained* 

CRETACEOUS. 

In  discussing  the  Cretaceous  groups  of  this  region,  I  shall  make  use 
of  the  same  nomenclature  that  has  generally  been  applied  to  the  same 
scries  in  Colorado.  The  original  five  numbers  into  which  this  forma- 
tion was  separated  are  reduced  to  three.  No.  1  remains  intact  and  is 
designated  as  the  Dakota  Group ;  Nos.  2  and  3  are  comprised  under  the 
name  of  Colorado  Group,  and  Nos.  4  and  5  form  the  Fox  Hills  Group. 
Tli is  division  is  one  which  can  readily  be  carried  out  in  the  field,  and  it 
expresses  the  most  natural  classification  of  the  entire  group  at  many 
localities.  Cretaceous  strata  occupy  a  prominent  area  on  the  Wind  River 
drainage.  Thoroughly  regular  in  their  arrangement,  except  where  they 
take  part  in  the  disturbances  which  have  so  seriously  affected  older  beds, 
they  reach  far  eastward  into  the  lower  country.  Showing  a  smaller  vertical 
development  than  farther  to  the  south,  the  individuality  of  the  groups 
is  nevertheless  preserved.  Not  only  is  it  apparent  in  the  successive  ar- 
rangement of  strata,  but  many  of  the  detail  features,  such  as  produced 
by  weathering,  are  strikingly  similar.  A  deplorable  want  of  good  fossils 
is  felt  throughout  the  entire  formation.  Fortunately  this  interferes  but 
little  with  the  identification  of  the  groups,  as  they  are  sufficiently  charac- 
teristic to  be  easily  recognized. 

Dakota  Group. 

Resting  directly  upon  the  upper  light  shales  and  marls  of  the  Jurassic 
series  we  find  a  succession  of  yellow  and  brown  shales,  interstratifled 
with  sandstones  of  the  same  color.  In  these  shales,  above  some  of  the  thin 
beds  of  sandstone,  we  find  slight  indications  of  coal.  The  seams  are  but 
halt  an  inch  in  thickness,  and  the  coal  is  of  that  variety  called  jet  coaL 
Higher  up  the  sandstones  predominate,  separated  by  thin  layers  of  ho- 
mogeneous, dark  shales.  Near  the  top  of  the  group  we  once  more  find 
a  heavy  bed  of  shale,  which  is  covered  by  massive  white,  yellow,  and 
brown  sandstones.  A  small  thickness  of  arenaceous  shales  closes  the 
group.  This  is  the  general  section  of  the  Dakota  as  exposed  west  of 
the  anticlinal  axis.  In  some  of  the  upper  sandstones  indistinct  remains 
of  plants  were  observed,  and  in  the  higher  shales  occurs  a  Gryphcea.  For 
the  total  series  we  can  accept  a  thickness  of  about  400  feet. 

In  Colorado  the  Dakota  Group  usually  occupies  a  prominent  position, 
but  here  this  is  not  the  case.  Forming  a  low,  long-continued  ridge,  the 
members  of  tins  series  trend  about  north  and  south  on  the  plateau-like 
elevation  between  Sheep  Mountain  and  the  base  of  the  third  chain.  To 
the  southward  the  group  pinches  out  horizontally,  owing  to  the  change 
in  the  direction  of  the  anticlinal  axis.  Following  it  north,  we  see  it  in  its 
normal  position  accompanying  the  Jurassic  beds.  Within  the  areas  of 
vertical  disturbance  the  Dakota,  overlaid  by  Colorado  shales,  takes  part 
in  all  the  flexures  and  plications.  In  consequence  of  this  fact,  the  horizon- 
tal  projection  of  the  series  assumes  a  curious  shape.  Between  the  an- 
ticlinal axis  and  the  outlying  hills  we  find  two  diverging  lines  of  expo- 
sure, trending  northward.  After  crossing  the  little  Popo-Agie,  the  one 
runs  upward  toward  the  hills ;  the  other  takes  part  in  the  westerly  dip  of 
strata  near  the  mouth  of  Twin  Creek  and  subsequently  joins  the  first. 
Another  line  of  the  outcrop  occurs  parallel  to  the  anticlinal  axis,  and 
east  of  it.  From  there  the  Dakota  beds  dip  under  the  younger  groups 
and  are  lost,  until  once  more  appearing  at  the  terminus  of  the  anticlinal 
fold  near  Sweetwater  Plateau.    A  glance  at  the  two  sections  above 
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furnished  mil  indicate  the  stratigraphical  conditions  ot  the  Dakota 
Group  (m).  The  easterly  dip  toward  Sheep  Mountain  amounts  to  12° 
to  15°,  gradually  diminishing.  Before  long  we  reach  a  point  where 
the  dip  is  zero,  and  after  that  find  it  reversed.  Near  the  mountain  it 
increases  to  about  40°  westward.  On  the  eastern  side  it  is  again 
gentle,  approaching  the  horizontal  as  we  enter  the  lower  country.  In 
this  region  a  slight  increase  of  the  total  thickness  of  the  group  may  be 
noticed. 

Colorado  Group. 

Directly  overlying  the  upper  arenaceous  shales  of  the  Dakota  Group 
we  And  an  extensive  series  of  dark  gray,  slightly  calcareous  shales. 
They  are  thinly  laminated,  easily  eroded,  and  become  light  gray  or 
white  upon  exposure.  Covering  the  highest  portions  of  the  region  lying 
between  Sheep  Mountain  and  the  base  of  the  third  chain,  they  present 
comparatively  steep  bluffs  parallel  to  their  strike,  and  rounded  surfaces 
along  their  dip.  A  few  banks  of  argillaceous  limestone  may  be  found 
within  them.  The  entire  group  is  a  very  characteristic  one,  readily  rec- 
ognized. Its  thickness  in  our  district  amounts  to  about  GOO  feet-  With- 
in the  upper  third  we  observe  that  the  shales  become  somewhat  more 
arenaceous  than  lower  down.  Evidently  this  is  a  deposit  which  accu- 
mulated in  very  deep  water.  Unfortunately  no  fossils  were  found  except 
a  few  fragments  of  Ostrea,  resembling  congesta  and  Inoceramus.  The 
position  of  these  shales  (n)  may  be  seen  from  Sections  I  and  II.  As  the 
youngest  member  shown  in  the  first  section  they  appear  at  an  elevated 
point.  From  there  southward  they  soon  end.  Northward  they  follow 
the  Dakota  Group,  taking  part  in  the  various  disturbances  of  the  region. 

As  these  grow  less  prominent  and  shift  toward  the  northeast,  the 
area  covered  by  Colorado  shales  expands  somewhat.  Near  Camp  Brown, 
about  6  miles  distant,  we  find  a  cold  sulphur  spring,  which  seems  to  take 
its  rise  in  these  shales.  In  this  connection  may  be  mentioned  the  fact 
that  the  Colorado  shales  must  be  regarded  as  a  very  prolific  source  for 
alkaline  compounds  of  a  highly  soluble  nature.  Within  the  shales  we 
frequently  notice  small  inclusions  of  pyrite.  Upon  decomposition  of  both 
this  and  the  shales  various  salts  are  formed.  When  the  two  are  in  close 
proximity  we  obtain  sulphates,  otherwise  mainly  carbonates  and  some 
chlorides. 

East  of  the  anticlinal  elevation  the  Colorado  shales  gradually  diminish 
their  dip  and  are  finally  covered  by  the  succeeding  Cretaceous  group. 
They  form  barren  blufls,  steep,  usually,  on  the  side  where  the  edges  of  the 
strata  are  exposed;  less  so  along  the  dip.  Bunch-grass,  pifions,  cedars, 
and  sage-brush  comprise  the  main  portion  of  the  vegetation  on  such 
bluffs  in  the  regions  of  low  elevation.  Fluviatile  erosion  attacks  the 
shales  very  rapidly  and  often  carves  them  into  very  beautiful  miniature 
ranges,  ridges,  and  valleys. 

Fox  Hills  Group. 

In  Section  I  the  Fox  Hills  Group  no  longer  appears.  Some  distance 
north  of  the  Little  Popo-Agie  it  sets  in,  however.  Resting  upon  the  gray 
shales  of  the  preceding  group  we  find  brown  and  yellow  shales  inter- 
stratified  with  thin  beds  of  sandstone.  Some  of  the  shales  are  very  dark 
and  carbonaceous.  In  the  lower  portions  of  the  Fox  Hills  I  did  .not  find 
any  properly  developed  coal-seams.  Above  this  alternating  series  we 
met  with  a  considerable  thickness  of  yellow  and  brown  shales.  As  a  rule 
they  are  arenaceous,  but  some  of  them  seem  quite  free  from  sand.  Small 
particles  of  mica  occur  throughout.  Higher  up,  sandstones  set  in  again, 
containing,  together  with,  thin  seams  of  shales,  small  deposits  of  coal. 
None  that  I  have  seen  were  workable,  but  I  am  informed  that  they  are 
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found  of  sufficient  thickness  near  the  Big  Popo-Agie.  The  upper  termi- 
nation of  this  group  is  formed  by  thinly  bedded,  micaceous  and  argilla- 
ceous sandstones  covered  by  a  thick  stratum  of  the  same  material.  We 
may  regard  about  500  feet  as  the  total  thickness  of  this  group.  Fossils 
are  very  scarce,  consisting  in  Inoceramus  and  some  poorly  preserved 
plants,  so  far  as  we  could  determine. 

Beginning  north  of  the  Little  Popo-Agie  the  Fox  Hills  series  can  be 
found  to  extend  northward  in  a  broad  band,  reaching  beyond  Gamp 
Brown.  It  is  but  slightly  affected  by  the  anticlinal  upheaval,  although 
its  connection  eastward  is  thereby  broken.  East  of  Sheep  Mountain  the 
group  sets  in  after  we  have  reached  the  typical  bluff  country.  As  indi- 
cated in  Section  II,  it  dips  gently  toward  the  northeast  (o),  gradually 
assuming  a  horizontal  position.  After  forming  a  prominent  row  of  bluffe 
and  several  smaller  ones,  it  is  hidden  beneath  younger  Post-cretaceous 
and  Tertiary  strata. 

About  2  miles  west  of  Camp  Brown  we  find  a  very  interesting  hot 
spring,  rising  in  the  beds  of  this  group.  It  is  known  as  the  Hot  Sulphur 
Spring.  Within  an  elliptic  basin,  315  feet  long  and  250  feet  wide,  the 
bright  green  and  blue  water  is  contained.  A  constant  bubbling  up  of 
carbonic-acid  gas  gives  it  the  appearance  of  boiling.  So  far  as  deter- 
mined, the  mineral  constituents  held  in  solution  by  the  water  are  iron, 
lime,  magnesia,  soda,  and  potash.  They  seem  to  be  contained  in  the 
form  of  sulphates,  carbonates,  and  chlorides.  For  the  bather  the  water 
is  very  warm,  and  a  stay  of  only  a  few  minutes  will  suffice  to  satisfy  all 
desire  for  a  warm  bath.  From  a  jeport  furnished  by  Dr.  T.  G.  Maghee, 
U.  S.  A.,  post-surgeon  at  Camp  Brown,  to  Dr.  Heizmann,  U.  S.  A.,  I 
extract  the  subjoined  tables  of  temperatures.* 


Date. 


Temperature  of  the  hot 

Dally  moan, 

springe,  in 
renheli. 

degrees  Fah» 

in   degrees 
Fahrenheit 

* 

At  the  shore. 

In  the  centre. 

16.00< 

106.8 

109.0 

13.33 

104.0 

106.0 

24.33 

107.0 

108.8 

18.00 

107.8 

109.0 

24.33 

106.4 

109.4 

29.66 

107.2 

109.8 

32.00 

106.4 

108.9 

85.33 

106.0 

107.  2 

8L66 

107.6 

108.1 

86.33 

100.9 

110.1 

27.33 

103.6 

106.0 

27.33 

106.2 

109.4 

25.33 

106,0 

107.5 

23.33 

107.1 

109.0 

80.00 

108.6 

110.4 

30.33 

107.2 

109.4 

35.  G6 

107.2 

ioai 

33.00 

104.2' 

106.2 

29.33 

105.4 

108.0 

24.00 

108.8 

109.9 

33.33 

108.4 

110.1 

38.06 

106.0 

108.5 

40.33 

108.4 

110,0 

44.33 

109.1 

110.3 

45.06 

107.1 

109.2 

43.33 

101.1 

102.4 

88.00 

97.2 

99.5 

84.66 

104.6 

106.8 

30.00 

105.0 

107.6 

82.33 

105.1 

106.1 

28.00 

107.6 

109.2 

April 


March  18. 

19. 

20. 

21. 
oo 

MM  ■ 

23. 
24. 

25. 
20. 
27. 
28. 
29. 
30. 
31. 

1. 

2. 

3 

4 

5. 

6. 

7. 

8. 

9 
10. 
11. 
12.. 
13. 
14. 
15. 
10. 
17. 


1874. 


Ecp.  Bee.  Northwestern  Wyoming,  Capt.  Jones,  1873.    Washington,  1874,  p.  187. 
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From  this  table  it  will  be  seen  that  the  daily  mean  temperature  affects 
that  of  the  water  but  slightly  in  the  centre  of  the  spring.  Near  the 
shore  so  many  different  factors  enter  into  consideration  which  may  tend 
to  produce  a  variation  of  a  few  degrees,  that  the  true  index  must  be  taken 
from  elsewhere. 

Regarding  the  source  of  heat  which  supplies  the  warmth  of  the  water, 
I  consider  it  due  to  chemical  changes  going  on  within  the  strata  through 
which  the  moisture  finds  its  way.  As  hot  water  is  a  more  effective  solvent 
than  cold,  the  channels  by  which  the  spring  obtains  its  supply  will  grad- 
ually increase  in  size.  From  this  it  may  be  inferred,  provided  the  chemi- 
cal action  continues  in  a  proportionate  ratio,  that  the  waters  of  the  spring 
may  still  grow  warmer  in  the  course  of  time. 

A  petroleum  spring  also  occurs  near  Gamp  Brown,  originating,  prob- 
ably,  in  the  same  rocks.  We  observe  the  globules  of  oil  rising  in  water 
and  eventually  accumulating  near  the  banks.  Here  a  somewhat  exten- 
sive deposit  of  hardened  black  oil  is  formed.  It  burns  very  readily,  and 
appears  to  be  nearly  pure. 

EEVIEW  OF  THE  MESOZOIC  GROUPS  EAST  OF  THE  WIND  BIVEB  RANGE. 

AH  of  the  Mesozoic  Groups  in  this  region  may  be  regarded  as  typical 
to  a  certain  extent.  Several  of  them  show  a  considerable  amplification 
to  the  eastward,  but  otherwise  remain  tolerably  constant.  In  their  rela- 
tions to  each  otner  they  are  constant  throughout. 

• 

Fox  HUU  Group: 
{Sandstones  and  arenaceous  shales  near  base.  Following  are  heavy  beds  of 
shale.  Indications  of  coal  near  bottom  and  top.  Shales  and  upper  sand- 
stones are  more  or  less  micaceous.  Thinly  beaded  sandstones  with  some 
shales  near  top.  Massive  yellow  sandstones  close  the  group.  Fossils:  Inoce- 
ramus  and  indistinct  plants. 

Thickness 500feet. 

Colorado  Group: 
Dark  gray  shales,  finely  laminated.    Slightly  calcareous  near  base.    Upon  ex- 
posure the  shales  turn  light  gray  and  white.    In  the  upper  half  thin  bank  of 
argillaceous  limestones.    Near  the  top  the  shales  becomes  lightly  arenaceous. 
Fossils:  InoceramuBj  Ostrca  oongesta. 

Thickness 600  feet. 

Dakota  Group: 
Yellow  and  brown  shales  near  base,  containing  thin  strata  of  sandstones. 
Some  carbonaceous  shales  a  little  higher  up.  In  the  middle  sandstones,  sep- 
arated by  thin  bands  of  dark  shale.  Massive  yellow,  white,  and  brown  sand- 
stones near  top.  Dark  yellow  and  brown  shales  close  the  group.  Fossils : 
Gryphaa  and  indistinct  remains  of  plants. 

Thickness 400  feet. 

Jura: 
Dark  calcareous  shales,  covered  by  heavy  beds  of  dark  blue  limestone,  are  near 
the  base.  Yellow  shales  and  marls  follow,  with  some  thin  interstrata  of  yel- 
low or  white  sandstones.  Some  limestones  above  this.  A  series  of  yellow, 
white,  pink,  and  greenish  marls  and  shales  close  the  formation.  Fossils: 
BclcmniteBy  Gryphaa,  Khynchonella,  Lingula,  Modiola,  Pecten,  and  others. 

Thickness 200  to  220  feet. 

Trias: 
Some  light  red  and  white  sandstones  near  base,  separated  by  thin  beds  of  red 
or  brown  shales.  Massive  bright  red  shales,  with  dolomitic  interstrata  higher 
up.  Heavy  beds  of  red  sandstone  follow.  Above  these  a  series  of  red,  pink, 
yellow,  and  white  sandstones,  some  of  the  coarse-grained.  Shales  occur  with 
these  latter  sandstones  and  close  the  formation.  A  decided  thickening  of  the 
upper  beds  may  be  observed  to  the  eastward.  No  fossils. 
Thickness 800  tol,200feet. 

Adding  these  figures,  we  obtain  for  the  Mesozoic  division  of  this  region 
a  total  thickness  of  2,500  to  2,920  feet. 
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POST-CRETACEOUS. 

Laramie  Group. 

Along  Beaver  Creek  we  find  a  series  of  beds  superimposed  upon  the 
Fox  Hills  group,  which  I  refer  to  the  Post-Cretaceous  period.  We  have 
in  adjacent  regions  a  considerable  development  of  the  Lignitic  strata, 
but  here  it  is  limited.  It  is  not  my  purpose  here  to  enter  into  any  dis- 
cussion as  to  the  proper  position  of  this  group  in  the  geological  succes- 
sion of  formations.  In  a  paper  treating  of  the  coal-beds  near  Evanston 
I  shall  shortly  have  occasion  so  to  do.  Overlying  the  upper  sandstones 
of  the  Fox  Hills  we  see  a  succession  of  shales  and  yellow  sandstones 
forming  low,  long-continued  bluffs.  Our  work  did  not  carry  us  far 
enough  to  make  any  careful  examinations  of  this  group,  but  sufficient 
information  was  obtained  to  enable  us  to  recognize  the  formation.  Indi- 
cations of  coal  were  found  at  a  number  of  points,  but  the  large  amount 
of  debris  covering  the  outcrops  prevented  any  determination  as  to 
whether  they  were  workable  or  not.  So  far  as  could  be  seen,  the  thick- 
ness of  the  group  amounts  to  about  400  feet.  Its  horizontal  distribution 
is  determined,  essentially,  by  the  amount  of  erosion  and  transportation 
of  material  to  which  the  overlying  beds  have  been  subjected.  We  find 
the  beds  exposed  along  a  line  trending  about  north  45°  west,  following 
the  general  strike  of  the  strata.  The  dips,  at  this  distance  from  the  cen- 
tres of  disturbance,  is  almost  obliterated,  amounting  to  but  a  few 
degrees.  A  series  of  heavy,  yellow  sandstones  close  the  Lign\tic  Group. 
Neither  in  topographical  features  nor  in  geognostic  importance  does  this 
series  occupy  a  very  prominent  position.  From  observations  made  else* 
where,  we  find  that  the  group  develops  to  a  much  greater  extent  farther 
south  and  southwest.  It  passes  under  the  Tertiary  beds  and  reappears 
in  the  southern  portion  of  our  district,  occupying  conspicuous  areas. 

I  have  placed  the  group  under  the  head  of  "  Post-Cretaceous  w  in  con- 
formity with  the  views  expressed  in  the  annual  report  of  1875.  In  this 
report  I  shall  continue  to  do  so,  expecting  soon  to  present  a  paper  which 
defines  the  reasons  for  taking  this  position.  Literature  upon  the  subject 
is  accumulating,  but  as  yet  it  is  impossible  to  say  which  opinions  may 
ultimately  be  adopted. 

TERTIARY. 

During  the  past  twenty  years  an  almost  endless  number  of  Tertiary 
groups  and  subgroups  have  received  names  and  have  been  placed  into 
relatively  different  positions  by  various  authors.  We  have^  within  the 
region  to  which  this  chapter  is  devoted,  but  one  of  the  Tertiary  groups, 
if  we  exclude  the  northern  edge  of  the  Sweetwater  Plateau.  This  latter 
will  be  considered  in  the  chapter  next  following,  and  mention  of  its  geo- 
logical character  will  here  be  omitted. 

Wasatch  Group. 

Besting  upon  the  yellow  sandstones  of  the  upper  portion  of  the  Lara- 
mie Group;  we  find  a  series  of  variegated,  arenaceous  marls.  They  are 
nearly  horizontally  stratified^ and  are  carved  into  typical  "bad-lands" 
by  liuviatile  erosion.  A  variety  of  colors  presents  itself  in  these  marls. 
Gray  and  reddish-brown  predominate,  interchanging,  however,  with  yel- 
low, white,  greenish,  and  maroon.  Without  any  apparent  separation  of 
strata,  these  colors  and  shades  form  bands  resembling  well-defined  bed- 
ding. Rapidly  denuded  by  erosion,  the  slopes  presented  by  these  marls 
are  generally  entirely  bare  of  vegetation.    Thin  bands  of  highly  argil- 
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laceous  sandstones,  occurring  sporadically  within  the  series,  sometimes 
give  rise  to  the  formation  of  low,  regular  bluffs.  About  450  to  500  feet 
may  be  regarded  as  the  thickness  of  these  marls  southeast  of  Beaver 
Creek,  where  we  find  them.  The  outlines  of  horizontal  distribution 
shown  by  them  are  irregular,  owing  to  the  varied  forms  produced  by 
erosion.  In  a  general  way,  the  western  edge  runs  in  a  direction  north 
and  south,  while  the  eastern  passes  beyond  the  limits  of  our  district. 
From  analogy  of  geological  position  and  lithological  character  (no  fossils 
having  been  found),  I  regard  this  series  as  parallel  to  Puerco  marls  of 
New  Mexico  and  Colorado.  They  resemble  them  in  every  essential  fea- 
ture* 

Above  the  maris  we  observe  a  succession  of  yellow  sandstones  and 
shales,  which  also  belong  to  the  Wasatch.  They  are  cut  short  in  their 
vertical  development  by  the  overlying  beds  of  the  Sweetwater  Group. 
From  certain  features,  -subsequently  to  be  discussed,  it  appears  that  a 
considerable  amount  of  erosion  must  have  taken  place  before  the  Sweet- 
water strata  were  deposited.  This  accounts  for  the  imperfect  vertical 
development  of  the  Wasatch  group  at  the  point  from  which  it  has  been 
described. 

With  the  exception  of  a  small  portion  of  late  Tertiary  beds  lying 
between  the  subsidiary  range  and  the  western  base  of  the  Wind  Eiver 
Mountains^ we  have  no  additional  sedimentary  beds  to  speak  of  in  this 
chapter.  The  occurrence  just  mentioned  will  be  reviewed,  together  with 
other  Tertiary  groups,  in  the  fourth  chapter. 
• 

POST-TEBTIABY  EROSION. 

After  the  deposition  of  Tertiary  sediment  a  period  of  great  activity  of 
a  peculiar  character  existed  within  the  area  east  of  the  Wind  River 
Bange.  At  that  time,  essentially,  was  the  surface  moulded  into  its 
present  shape.  Omitting  the  existence  of  most  recent  Tertiary  groups, 
we  can  picture  to  ourselves  the  appearance  of  the  country  after  the 
upheaval  of  the  mountain  range.  The  two  main  elevations  were  the 
range  itself  and  the  rise  determined  by  the  course  of  the  anticlinal  axis 
east  of  it.  Erosion  had,  even  before  the  advent  of  the  latest  tertiary 
waters,  modified  the  surface  very  considerably.  Upon  the  arrival  of  the 
latter,  they  found  basins  ready  to  receive  the  sediment  they  carried  with 
them  or  derived  from  neighboring  regions.  In  this  manner  an  equaliza- 
tion of  elevations  and  depressions  took  place,  which  greatly  affected 
certain  portions  of  the  region.  Subsequent  to  the  deposition  of  large 
masses  of  Tertiary  sediment  a  period  of  maximum  erosion  followed,  which 
left  the  surface  of  the  country  approximately  in  the  condition  we  now 
find  it.  Within  the  area  to  which  this  chapter  is  devoted  we  have  occa- 
sion to  observe  the  enormous  effects  produced  by  erosion.  Final  eleva- 
tions along  certain  lines,  or  depressions  on  others,  may,  to-day,  tend  to 
magnify  the  results,  but  enough  can  be  seen  to  obtain  a  general  idea  of 
its  magnitude.  Parallel  to  the  strike  of  the  sedimentary  strata  they 
have  suffered  severely  from  this  primary  erosion.  Along  the  lines  of 
disturbed  portions,  where  the  continuity  of  strata  was  probably  broken 
and  the  rocks  more  or  less  shattered,  the  erosive  forces  have  exerted  a 
powerful  influence.  Nearly  all  of  the  material  belonging  to  formations 
younger  than  the  Carboniferous  are  composed  of  mechanically  deposited 
sediment.  This  necessarily  could  offer  but  comparatively  slight  resist- 
ance to  flowing  water,  and  enormous  masses  of  it  were  carried  away  to 
build  up  most  recent  groups  at  some  other  locality.  Along  the  junction 
line  of  Carboniferous  and  Triassic  beds  this  feature  of  erosion,  denuda- 
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tion,  and  transportation  can  be  admirably  studied.  A  large  portion  of 
the  lower  country  east  of  the  anticlinal  fold  was  at  one  time  higher,  but 
was  gradually  reduced  by  the  persistent  abrasion  and  removal  of  por- 
tions of  its  strata. 

EVIDENCE  OF  FORMER  GLACIERS. 

In  the  Wind  River  Range  the  most  complete  evidence  of  extensive 
glaciers  formerly  existing  there  was  obtained.  Many  of  the  small  val- 
leys and  cations  at  the  southern  end  of  the  mountains  show  accumula- 
tions of  glacial  drift.  In  the  immediate  vicinity  of  Gamp  Stambaugh 
we  find  the  gravel  and  drift  adjoining  small  streams  to  be  composed  of 
rocks  with  which  their  drainage  has  at  present  no  connection.  Near  the 
post  there  occurs,  within  the  mctamorphic  area,  a  local  deposit  over  70 
feet  in  depth,  consisting  entirely  of  drift  material.  It  is  located  along 
the  sides  of  a  narrow  gulch,  and  contains  gravel  and  bowlders  from  the 
size  of  a  pea  to  such  weighing  half  a  ton.  As  will  be  seen  subsequently, 
we  have  evidence  farther  south  which  permits  us  to  regard  this  as  a 
ground  moraine.  On  the  western  slope  of  the  range  evidence  of  former 
glaciers  can  be  obtained  as  soon  as  we  reach  high  elevations.  Near 
timber-line  we  find  numerous  small,  shallow  lakes.  Not  unfrequently 
these  are  surrounded  on  three  sides  by  morainal  deposits.  The  most 
striking  examples  of  extensive  glaciers  that  I  had  occasion  to  observe 
we  found  between  the  headwaters  of  the  Sandy's  and  Muddy  Creek. 
While  riding  through  the  dense  timber  there  we  encountered  huge  masses 
of  exposed  rocks  in  situ.  Intervening  spaces  between  them  were  filled 
with  shallow  ponds  or  swamps,  showing  the  fact  that  the  depressions 
containing  them  were  mostly  excavations  directly  in  the  solid  rock. 
Wherever  such  rocks  were  exposed  they  showed  a  very  remarkable 
smoothness,  resembling  the  famous  "roclies  moutonntes"  in  shape. 
Grooving  and  striation  covered  them,  leading  from  the  more  elevated 
points  to  the  lower  ones.  In  a  number  of  instances  we  found  the  polish 
of  these  rocks  to  be  absolutely  mirror-like.  This  condition  continued 
until  we  reached  timber-line.  There  the  constant  weathering  action  has 
loosened  enormous  masses  of  rock,  which,  falling  down,  have  in  part 
obscured  the  effects  of  glaciers.  Following  down  the  course  of  an  Ancient 
glacier  west  of  Muddy  Creek,  we  observed  with  much  interest  the  defin- 
ite traces  it  has  left.  Originating  along  the  steep  walls  of  a  semicircular 
depression,  the  glacier  first  moved  through  a  narrow,  shallow  valley. 
Touching  rocky  walls  on  either  side,  it  swept  these  perfectly  clean, 
smoothing  and  polishing  the  granites  wherever  it  came  in  contact  with 
them.  As  the  valley  widened  the  glacier  spread  laterally,  until  the 
width  became  so  considerable  that  lateral  moraines  were  deposited. 
Shallow,  basin-shaped  excavations,  oval  in  form,  were  worn  down  into 
the  hard  rock.  Most  of  them  are  now  filled  with  small  sheets  of  water. 
From  there  the  ice  moved  downward  along  a  steep  incline,  pushing  before 
it  enormous  masses  of  bowlders,  in  the  form  of  terminal  moraines.  At 
present  these  extend  for  several  miles  into  the  low  country  beyond  the 
western  base  of  the  range.  Their  width  amounts  to  about  a  mile  and  a 
half,  and  their  thickness  may  be  estimated  at  a  maximum  of  800  to  900 
feet.  As  the  climatal  conditions  caused  a  recession  of  the  glacier,  smaller 
moraines,  composed  not  unfrequently  of  material  taken  from  tne  older 
ones,  remained  to  mark  the  gradual  decrease  of  the  moving  mass  of  ice. 
This  feature  becomes  more  noticeable  as  we  retrace  our  steps  to  the 
small  lakes  found  high  up  in  the  mountains.  In  several  instances  termi- 
inal  moraines  have  formed  dams  across  shallow  depressions  which  now 
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are  filled  with  water.  Eliminating  the  minor  curves  made  by  the  moving 
ice,  the  length  of  this  glacier  must  have  been  16  to  18  miles.  This  is  one 
of  the  largest,  bat  in  its  effects  may  be  regarded  as  a  type  for  other 
occurrences  in  the  same  region.  An  interesting  feature  was  often  observed 
relative  to  the  melting  or  gradual  receding  motion  of  glacial  masses. 
For  some  distance  entirely  bare  rocks  frequently  composed  one-half  or 
two-thirds  of  the  surface  over  which  we  travelled.  They  were  smoothed, 
grooved,  and  striated.  Besting  upon  them  were  innumerable  pebbles 
and  bowlders,  ranging  in  size  from  that  of  a  goose-egg  to  several  feet  in 
thickness.  Standing  thus  upon  the  smooth,  inclined  surface  of  a  rock 
in  posit*,  these  erratic  blocks  looked  as  if  they  might  have  been  left  there 
only  a  year  ago.  No  signs  of  weathering  action  were  visible  in  either, 
and  often  the  blocks  were  so  delicately  poised  that  it  would  seem  as  if 
a  breeze  could  disturb  their  position.  Entire  u fields"  of  this  character 
were  found,  showing  the  direction  toward  which  the  glaciers  shrunk. 

On  the  eastern  slope  of  the  range  numerous  glacial  moraines  were 
noticed;  they  are  generally  smaller  than  on  the  other  side;  a  fact  which 
is  partly  owing  to  the  orographic  configuration  there  existing.  Beyond 
the  metamorphic  area  the  evidences  of  glaciers  extend  for  a  short  dis- 
tance only.  In  spite  of  the  enormous  masses  of  moving  ice  and  accom- 
panying bowlders,  we  find  in  the  Wind  Biver  Mountains  a  confirmation 
of  the  rule  that  glaciers  produce  no  radical  changes  in  the  character  of 
any  given  region.  By  the  abrading  action  of  both  ice  and  accumulations 
of  bowlders  and  sand,  projecting  rock-ledges  and  points  reaching  out 
toward  the  glaciers  have  been  removed.  Excavations  within  valleys 
already  existing  have  been  made.  Material  has  been  taken  from  one  or 
more  points  and  has  been  deposited  at  others.  In  other  words,  the  detail 
features  exhibited  by  the  localities  through  which  or  over  which  the  ice 
has  passed  have  been  modified.  This  limits  the  extent  of  changes 
wrought  by  glaciers. 

When  first  I  saw  the  enormous  accumulations  of  snow  and  stationary 
ioe  in  the  main  chain  of  the  range  (at  the  end  of  July),  I  fully  expected 
to  find  active  glaciers  within  its  deeper  cafions.  In  this  I  was  disap- 
pointed. The  extremely  "  fresh  "  appearance,  however,  that  many  of  the 
occurrences  above  described  exhibit  has  induced  me  to  believe  that 
glaciers  existed  in  the  Wind  Biver  Mountains  until  within  a  very  recent 
period.  Indeed,  I  should  not  be  surprised  to  hear  at  any  time  of  the 
discovery  of  moving  ice-fields  of  small  extent  within  the  deep  canons  of 
this  range.* 

LAKE*  DEPOSITS. 

Within  the  region  east  of  the  Wind  Biver  Mountains  we  found  a  num- 
ber of  alkaline  lakes  of  small  extent,  and  beds  of  others  that  were  dry. 
Although  these,  in  a  certain  sense  of  the  word,  can  be  termed  "lake 
beds,"  they  are  not  to  be  considered  here.  On  Beaver  Creek,  about  6 
miles  below  its  sharp  turn  to  the  northward,  we  found  an  extensive  lake 
deposit.  Fine  arenaceous  clay,  silt,  and  sand  have  here  been  deposited  in  a 
large,  level  valley.  Conformable  to  the  color  of  the  original  material 
from  which  this  drift  was  derived,  we  observe  alternating  bands  of  red, 
gray,  yellow,  and  brown  deposits.  Varying  with  the  color  necessarily 
we  find  the  different  layers  showing  some  changes  in  their  composition. 
We  had  no  means  at  hand  to  determine  the  thickness  of  this  accumula- 

•Notb. — Daring  the  past  summer  (1878)  active  glaciers  of  small  extent  have  been 
discovered  in  the  Wind  River  and  Teton  Ranges.  The  large  masses  of  snow  during 
the  summer  of  1877  covered  them  entirely,  so  that  we  passed  over  them  without  recog- 
nizing their  existence.  In  the  Annual  Report  for  1878  rail  descriptions  of  these  glaciers 
wul  be  given.— E. 
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Hon  of  redeposited  material  From  observations  made  along  the  banks 
of  the  creek  it  appears  to  be  more  than  20  feet  thick,  however.  This  is 
the  only  lake  deposit  of  any  importance  that  was  seen  in  this  region.  A 
few  Helices  found  in  it  crumbled  very  easily,  showing  that  they  have  been 
included  within  this  drift  for  a  long  period  of  time.  During  the  season 
of  high  water  large  masses  of  the  loose  beds  are  washed  away  and 
transported  toward  the  north. 

DRIFT. 

The  different  varieties  of  drift  that  are  usually  found  in  the  mountains 
and  flat  country  were  observed  within  this  region.  Avalanchial  drift 
covers  the  sides  of  the  mountains  above  timber-line.  Frequently  enor- 
mous rock-slides  extend  downward  for  some  distance,  sweeping  before 
them  the  timber  that  may  be  in  their  way.  In  the  steeper  portions  of 
the  main  chain  we  found  accumulations  of  angular  rock-fragments  that 
evidently  owe  their  present  position  to  the  agency  of  snow.  Avalanches 
starting  during  the  season  of  first  thaws  carry  along  bowlders  from  the 
adjacent  mountain  sides,  which  are  deposited  in  moraine-like  arrange- 
ment. Dependent  upon  the  character  of  the  rocks  composing  this  class 
of  drift  is  the  shape  and  size  of  the  bowlder.  In  the  higher  regions  of 
the  Rocky  Mountains  avalanchial  drift  represents  a  type  of  considerable 
importance.  Due  to  this  in  a  great  measure  is  the  characteristic  barren- 
ness of  the  mountain-slopes. 

Elver  drift  occupies  the  valleys  of  all  the  streams  of  any  size.  Those 
creeks  and  rivers  that  have  any  considerable  drainage  within  the  meta- 
morphic  area  carry  drift  composed  of  such  material  with  them  for  a  long 
distance.  Some  of  the  valleys  are  covered  entirely  with  coarse  drift,  an 
occurrence  which  is  due  to  the  parallel  shifting  of  streams  along  tneir 
general  course.  The  ultimate  result  of  gradual  disintegration  of  river 
drift  is  the  production  of  silt  and  sand.  Silt  is  not  unfrequently  found 
in  connection  with  glacial  lakes.  Constant  diminution  of  the  transported 
material,  more  particularly  of  that  constituting  the  ground  moraine,  re- 
sults in  the  formation  of  this  silt.  In  river  bottoms,  and  near  small 
streams,  a  slightly  different  process  produces  the  same  effects,  requiring 
more  time,  however. 

SOIL. 

In  the  lower  valleys  we  find  an  abundance  of  soil.  Along  the  Big 
Popo-Agie  and  its  immediate  tributaries  the  soil  there  accumulated  has 
been  utilized  by  settlers  for  agricultural  purposes.  Many  of  the  lower 
valleys  might  be  made  similarly  useful,  were  the  supply  of  water  suffi- 
cient for  irrigation.  The  decomposition  of  shales,  sandstones,  and  marls 
furnishes  good  rich  soiL  Nearer  the  mountains  limestones  enter  into  the 
composition.  So  far  as  I  could  learn,  the  soil,  wherever  cultivated,  yields 
good  crops.  On  some  of  the  small  creeks  good  bottom-lands  are  found, 
containing  rich  soil,  which  may  eventually  become  fruitful.  At  present, 
grass  and  willow  brush  are  the  only  vegetable  products. 

EESUMfi  OF  THE  GEOLOGY  OF  THE  WIND  RIVER  RANGE 

AND  THE  REGION  EASTWARD. 

Reconstructing  the  original  conditions  as  existing  in  the  region  of  the 
Wind  River  Range  prior  to  the  great  era  of  metamorphosis,  we  observe 
some  very  interesting  facts.  For  the  reason  that  other  portions  of  'our 
district,  not  yet  described,  enter  into  consideration  in  this  question,  a 
complete  synopsis  of  the  former  conditions  cannot  be  now  presented. 
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Enongh  may  be  said,  however,  to  indicate  which  groups  appearing  in 
other  chapters  pertain  to  the  subject  under  discussion.  From  what  we 
have  observed,  we  are  enabled  to  say  that  at  the  earliest  geological 
periods  a  narrow  range  existed,  trending  approximately  E.  50°  S. 
Against  the  northeastern  side  four  distinct  types  of  sediment  were  de- 
posited. That  this  occurred  at  long  intervals  of  time,  during  a  period 
of  more  or  less  disturbance  of  niveau,  is  evident  from  the  horizontal  pro- 
jection that  we  can  assume  for  these  groups.  Such  assumption  is  based 
upon  the  study  of  the  series  as  it  now  appears — metamorphosed.  Apply- 
ing lithological  nomenclature  in  order  to  make  clear  what  is  meant,  we 
may  say:  The  Prozoic  granite  is  the  remnant  of  the  original  range; 
against  this  were  deposited  the  old  metalliferous  schists;  granite  com- 
posing the  main  chain  followed;  this  was  succeeded  by  a  narrow  band 
of  schists;  and  the  fourth  or  last  group  is  represented  by  the  younger 
granites.  In  case  we  make  an  attempt  to  indicate  the  original,  unchanged 
condition  of  these  rocks,  we  may  regard  them  as  representing  siliceous 
shales  (schists)  and  more  or  less  argillaceous  sandstones  (granites).  As 
the  earth  is  but  a  body  u  buried  beneath  its  own  ruins,"  we  cannot  expect 
to  find  aught  but  what  is  contained  in*  the  original  crust.  Schists  and 
granites  or  siliceous  shales  and  sandstones,  therefore,  are  essentially 
the  same  thing,  varying  only  in  the  percentages  of  component  parts.  It 
appears  that  the  lowest  Silurian  strata  were  deposited  before  the 
thorough  metamorphosis  of  the  entire  mass  took  place,  unless,  indeed, 
we  account  for  the  change  in  the  sandstones  by  assuming  a  generation 
of  heat  during  the  period  of  mountain  elevation. 

In  these  very  earliest  deposits  we  observe  an  "overlapping"  of  the 
groups.  The  metalliferous  schists  are  soon  hidden  from  sight  by  the 
preponderance  of  the  main  chain  granite.  Eventually  this,  as  well  as  the 
younger  schists  and  granites,  disappears  at  another  point.  This  is  due 
probably  to  pinching  out  of  the  groups  in  certain  directions  rather  than 
to  a  lateral  inequality  in  the  propelling  force  which  caused  the  elevation 
of  the  mountains.  If  the  latter  cause  had  resulted  in  the  production  of 
this  phenomenon,  we  would  find  it  accompanied  by  others  which  we  now 
do  not  observe. 

Sedimentary  formations  reach  an  ample  development  in  this  region, 
considering  the  disadvantageous  locality  at  which  they  were  deposited. 
We  had  at  the  time  of  the  Silurian,  for  instance,  a  more  or  less  elevated 
ridge,  sloping  toward  the  northeast.  So  far  as  our  observations  enable 
us  to  determine,  we  find  that  the  influx  of  waters  came  from  that  direc- 
tion for  a  very  long  period  of  time.  While  elsewhere  the  waters  could 
attain  great  depths,  they  were  here  necessarily  shallow,  and  the  amount 
of  material  deposited  within  them  must  stand  in  proportion.  Thus  we 
find  that  a  number  of  formations  and  groups,  greatly  amplified  to  the 
north  and  northeast,  have  had  but  little  opportunity  to  reach  any  exten- 
sive vertical  development  in  the  vicinity  of  the  Prozoic  range.  Changes 
of  nireau,  which  took  place  probably  during  long  periods  of  time,  per- 
mitted some  of  the  younger  groups  to  reach  proportionately  great  thick- 
nesses. 

Of  the  Silurian  formation  we  have  representatives  of  two  groups. 
Both  of  them  are  characteristic,  and  are  very  frequently  found  in  the 
same  relative  position  throughout  the  Rocky  Mountains.  The  Carbon- 
iferous formation  is  well  represented  by  the  two  lower  groups,  which  can 
generally  be  distinguished.  It  is  with  some  reluctance  that  I  regard  the 
series  of  strata  above  the  blue  limestones  as  Permian.  Usually  this 
formation  carries  some  typical  fossils,  but  in  this  instance  none  were 
found.    A  decided  similarity  of  the  rocks  and  the  unequivocal  position 
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occupied  by  the  group  decide  me  to  determine  it  as  such  for  the  present. 
If  this  should  be  proved  by  subsequent  investigations  not  to  be  Per- 
mian, it  will  necessarily  be  added  to  the  lowest  Mesozoic  formation. 
Although  many  miles  were  travelled  during  the  past  season  in  the  "red 
beds,"  we  are  not  able  to  throw  any  additional  light  upon  the  question 
touching  their  true  position.  The  direct  superposition  of  undoubted 
Jurassic  beds  draws  the  limits  rather  closely,  but  we  must  still  look  for- 
ward to  some  patoontological  discovery  that  will  set  all  doubts  at  rest. 
In  the  preceding  pages  I  have  spoken  of  this  formation  or  group  as  the 
Trias  (without  query),  but  define  this  as  not  indicating  that  I  desire  to 
commit  myself  upon  the  point  I  am  of  the  opinion  that  eventually  this 
identification  may  prove  to  be  the  correct  one,  but  up  to  the  present  time 
it  is  not  yet  established. 

The  anticlinal  axis,  which  has  frequently  been  mentioned  above,  is  a 
very  interesting  feature  of  the  region.  As  it  passes  beyond  the  limits 
prescribed  for  this  chapter,  a  connected  discussion  thereof  shall  be  post- 
poned until  later.  Jurassic  beds  are  satisfactorily  developed,  occupying 
a  definite  horizon  between  the  red  beds  and  the  lowest  group  of  the 
Cretaceous  formation.  Although  they  do  not  compare  favorably,  from 
a  palseontological  point  of  view,  with  the  occurrences  farther  north,  the 
evidence  obtained  is  entirely  sufficient  to  establish  its  geological  position 
beyond  a  doubt  Groups  younger  than  the  Jurassic  ore  developed  in 
regular  succession  and  require  no  farther  mention. 

One  of  the  most  interesting  features  of  the  Wind  Biver  Bange  is  found 
in  its  evidence  of  abundant  glaciation.  No  mountain  region  that  I  have 
had  occasion  to  visit  in  the  West  shows  so  strikingly  the  enormous  effects 
produced  by  the  action  of  moving  ice.  Nearly  the  entire  western  slope, 
so  far  as  it  lay  within  our  district,  must  have  been  covered  with  suc- 
cessive ice-fields.  They  have  left  their  history  written  in  unmistak- 
able, ineffaceable  language  upon  the  rocks  which  once  they  covered. 
Climatal  conditions  since  that  period  have  undergone  a  change,  and 
we  are  enabled  by  reading  the  writing  transmitted  to  us  to  construct  a 
picture  of  what  at  one  time  must  have  been  the  conditions  of  this  sec- 
tion of  the  country.  In  the  annual  report  for  1875  I  have  given  my 
views  with  regard  to  the  former  existence  of  glaciers  in  the  Rocky 
Mountains.  Although  based  upon  observations  made  in  regions  4  and 
5  degrees  of  latitude  farther  south,  the  general  conclusions  will  apply 
equally  well  here. 

Taken  as  a  whole,  the  country  to  which  this  chapter  is  devoted  is  one 
replete  with  interest  We  miss  in  them,  however,  the  occurrence  of 
erupted  rocks.  Whether  the  anticlinal  axis  has  been  caused  by  their 
action,  without  their  having  broken  through  to  the  surface^  may,  for  the 
present,  remain  an  open  question.  No  evidence  either  for  or  against 
such  a  supposition  was  obtained  within  the  region  above  described. 


CHAPTER    III. 


GEOLOGY  OF  THE  SWEETWATER  VALLEY  AND  ADJACENT 

REGIONS. 

ELEVATED  AREAS. 

The  region  to  which  this  chapter  is  devoted  comprises  an  area  con- 
taining all  the  Sweetwater  drainage  except  that  which  enters  into  the 
river  within  the  inetamorphic  rocks.  It  forms  a  belt  about  thirty  miles 
widej  trending  east  and  west.  Longitude  107°  west  forms  the  eastern 
terminus,  while  the  western  is  located  a  short  distance  west  of  the  Little 
Cafionot  the  Sweetwater. 

Two  small  ranges  of  hills  occur  within  this  section.  The  one  is  that 
of  the  Sweetwater  Hills  with  their  eastern  extension,  the  Seminoles, 
while  the  Granite  Hills  north  of  the  river  form  the  other.  Orograph- 
ically  both  of  these  are  very  simple,  the  former  being  merely  an  upheaved 
chain,  and  the  latter  a  group  of  rocky  islands  in  a  tertiary  basin.  Be- 
sides these  two  small  ranges  a  considerable  elevation  is  reached  by  the 
Sweetwater  Plateau  at  its  northern  termination.  I  regard  the  western 
end  of  the  Sweetwater  Hills,  considering  it  from  the  standpoint  of  a 
geologist,  as  being  defined  by  the  most  westerly  outcrops  of  the  granitic 
hills  south  of  the  river. 

In  order  to  present  very  briefly  some  of  the  most  striking  character- 
istics of  these  hills,  a  few  words  may  here  be  said  in  regard  to  their 
structure.  We  may  essentially  consider  the  Sweetwater  Hills  as  a  small 
anticlinal  range,  forming  a  continuation  of  the  anticlinal  upheaval  east 
of  the  Wind  River  Mountains.  In  their  more  elevated  portions,  all  inet- 
amorphics  have  disappeared,  excepting  those  which,  in  the  preceding 
chapter,  have  been  regarded  as  the  youngest  ones.  Throughout  the 
entire  eastern  extension  of  the  hills  this  character  is  maintained  and  is 
made  very  apparent  by  the  position  of  the  sedimentary  strata.  Analyz- 
ing this  structure  more  carefully  we  find  that  in  this  instance  the  south- 
easterly extension  of  the  anticlinal  axis  coincides  with  the  axis  of 
elevation  manifested  by  the  Wind  River  Range.  We  have,  therefore, 
an  anticlinal  fold  augmented  by  the  force  of  general  upheaval.  This 
results  in  placing  the  younger  formations  into  more  prominent  positions 
on  the  north  side  of  the  hills  than  on  the  south.  When  the  maps  of  the 
district  shall  have  been  prepared  I  will  be  better  able  to  demonstrate 
this  fact.  So  far  as  possible,  I  will  do  so  in  the  subjoined  pages  by  pre- 
senting a  series  of  approximate  parallel  sections  which  will  furnish  some 
idea  of  the  relative  distribution  and  position  of  strata. 

DEPRESSED  AREAS. 

Of  these  we  have  but  one  in  the  region  under  discussion.  It  is  the 
valley  or,  geographically  speaking,  basin  of  the  Sweetwater.  Sloping 
toward  the  river,  both  from  the  north  and  south,  a  shallow  depression  is 
formed,  which  is  cut  into  two  parts  of  unequal  size  by  the  river.   In  the 
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preceding  report  upon  the  topographical  features  of  our  district  this 
subject  has  been  more  fully  discussed.  Geologically,  this  low  area  is  of 
the  greatest  importance,  and  furnishes  very  acceptable  hints  as  to  Hie 
early  history  of  the  country. 

PEOZOIC. 

It  will  be  remembered  that  the  subsidiary  range  west  of  the  Wind 
Eiver  Mountains  is  composed  of  Prozoic  rocks.  They  disappear  under 
the  metalliferous  schists  of  the  Stambaugh  region  and  remain  hidden 
for  some  time.  We  next  find  them  at  the  western  termination  of  the 
Sweetwater  Hills.  Here  they  appear  as  a  group,  trending  approximately 
east  and  west,  composed  of  disconnected  hills.  Bare  of  vegetation  and 
rugged,  they  present  a  very  typical  aspect.  The  granites  composing* 
these  hills  are  entirely  structureless,  forming  huge,  irregular  masses. 
Bed  and  flesh-colored  orthoclase,  white  and  gray  quartz,  and  muscovite 
are  the  constituent  minerals.  Toward  the  southern  edge  of  this  group 
we  find  that  either  loose  drift  or  Tertiary  strata  reach  directly  to  the 
granites,  covering  whatever  older  formations  may  be  beneath  them.  On 
the  north  side  Carboniferous  strata  rest  upon  them,  preventing  the 
appearance  of  Silurian  beds  which  undoubtedly  occur  there. 

An  interesting  feature  was  observed  in  these  granites,  which  I  failed 
to  notice  in  the  subsidiary  range,  the  occurrence  of  basaltic  dikes. 
Varying  in  width  from  4  inches  to  10  feet  these  eruptive  rocks  closely 
fill  fissures  in  the  granite,  striking  as  a  rule  northeast  and  southwest. 
Although  the  granites  decompose  and  disintegrate  but  slowly,  we  find 
some  localities  where  the  dikes  project  for  several  feet  above  them.  Gen- 
erally they  appear  on  the  surface  simply  as  black  bands,  conforming 
entirely  to  the  details  of  weathering  and  cleavage  shown  by  the  rock 
enclosing  them.  In  lithological  character,  mode  of  appearance,  and 
general  relations  to  younger  formations,  these  granites  appear  to  be 
almost  absolutely  identical  with  those  farther  west. 

Following  the  line  of  granitic  outcrops  of  this  region  in  an  easterly 
direction  we  find  them  covered  by  Palaeozoic  and  subsequently  these  by 
Cenozoic  formations.  Curving  somewhat  to  the  north  we  cross  the 
Sweetwater  Valley  and  find  ourselves  in  the  continuation  of  the  granites 
just  described.  It  is  formed  by  the  Granite  Hills  directly  north  of  the 
Sweetwater.  By  all  explorers  who  have  ever  visited  this  region  has 
been  noted  the  remarkable  barrenness  of  these  hills.  Fr6mont  says :  • 
"Except  in  the  crevices  of  the  rock,  and  here  and  there  on  a  ledge  or 
bench  of  the  mountain,  where  a  few  hardy  pines  have  clustered  together, 
these  are  perfectly  bare  and  destitute  of  vegetation."  Dr.  Hayden,  in 
his  report  upon  this  region,t  describes  the  Granite  Hills  as  follows: 
"All  around  the  flanks  of  these  granite  ranges  the  same  Tertiary  beds 
jut  up  without  any  interruption,  and  are  smooth  and  even,  so  that  the 
granite  masses  seem  to  rise  abruptly  out  of  the  plains.  A  few  stunted 
pines  struggled  for  existence  among  the  crevices,  and  some  rare  slirubs 
and  ferns  were  all  the  vegetable  life  observed."  The  absolute  nakedness 
of  these  hills  is  truly  remarkable.  Without  any  definite  rock  structure 
they  rise  directly  from  the  plain,  presenting  their  bald,  gray  and  red 
forms,  which  rise  to  a  relative  elevation  of  300  to  1,100  feet-  Smooth, 
rounded  surfaces  of  considerable  extent  render  the  ascent  of  some  of  the 
higher  peaks  almost  an  impossibility.  Toward  the  centre  of  the  group 
or  range  we  find  the  hills  connected  with  each  other  by  ridges,  mostly 
bare,  but  sometimes  covered  with  short  grass. 

*  Rep.  ExpL  Exp.  to  the  Rocky  MtB.,  1842.    Washington,  1845. 
tRep.  U.  S.  Gcol.  Surv.,  1870,  p.  30. 
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Stndjing  the  detail-features  of  the  hills  we  find  that  they  are  composed 
mainly  of  a  coarse  red  granite.  The  effect  produced  by  atmospheric ' 
influences  has  been  to  destroy  the  red  color  in  some  instances,  and  we  then 
find  it  gray.  Upon  reaching  the  base  of  a  hill  the  first  impression  ob- 
tained is  that  of  an  enormous  pile  of  huge  granitic  bowlders  heaped 
together.  Orthoclase,  quartz,  and  muscovite  compose  the  main  portion 
of  the  rock.  Toward  the  northern  limits  of  the  group  some  hornblende 
and  chlorite  may  be  observed.  There,  too,  we  find  some  of  the  younger 
granites.  At  several  points  the  prevalence  of  orthoclase  is  so  great  as 
to  produce  apparent  stratification.  It  will  be  found,  however,  that  the 
divisions  simulating  strata  all  run  in  curved,  short,  planes.  Numerous 
dikes  of  basaltic  rock  were  observed  within  these  granites,  varying  in 
thickness  from  two  feet  to  several  hundred.  In  some  instances  the  dikes 
exhibit  columnar  structure.  At  right  angles  to  the  enclosing  walls  the 
material  has  segregated  into  smooth-sided  but  irregular  prisms.  An  oc- 
currence of  this  kind  may  be  seen  at  the  Devil's  Gate.  It  will  be  remem- 
bered that  this  euphonious  title  has  been  given  to  a  vertical  opening  in 
the  granites,  about  5  miles  west  of  Rock  Independence.  A  narrow 
granitic  ridge  extends  to  the  south  ward  from  the  main  group,  and  is  cut  by 
a  deep  gap.  The  walls  of  this  gap  are  about  400  feet  above  the  Sweet- 
water River,  which  flows  through  it.  From  some  remnants  we  can  see 
that  originally  this  fissure  was  filled  with  eruptive  material  which  was 
segregated  into  columns.  Due  to  this  latter  fact  is  the  greater  power 
that  erosive  agents  could  exercise  upon  the  enclosed  mass,  and  it  was 
gradually  removed.  Dr.  Hayden  supposes,  and  I  agree  with  him,  that 
formerly  the  river  curved  to  the  southward,  flowing  around  the  granitic 
ridge,  until  finally  it  found  its  way  into  the  gap  and  aided  in  the  destruc- 
tion and  removal  of  the  dike. 

Both  the  analogy  of  composing  minerals  and  the  characteristic  occur- 
rence of  dikes  connect  the  Granite  Hills  with  the  outcrops  at  the  west- 
ern end  of  the  Sweetwater  Hills.  Although  a  number  of  instances  were 
observed  where  the  dikes  penetrated  granite  which  was  overlaid  by 
younger  rocks,  the  erupted  material  invariably  stopped  with  the  granite, 
showing  that  its  age  is  very  great.  The  area  occupied  by  the  Granite 
Hills  has  approximately  an  oval  shape.  Both  west  and  north  we  find 
isolated  outcrops,  rising  to  relative  elevations  of  600  to  700  feet.  To- 
ward the  east  the  hills  assume  a  southeasterly  trend,  and  are  crossed,. 
by  way  of  the  Devil's  Gate,  by  the  Sweetwater  River.  One  of  the 
isolated  exposures  of  this  granite  is  formed  by  Rock  Independence.  Dr. 
Hayden,  in  1870,  made  some  measurements  of  this  historic  block.  He 
found  the  circumference  of  the  granitic  rock  to  be  1,5.10  yards ;  the  height 
of  the  north  end  193  feet;  that  of  the  southern  107  feet.  Near  the  mid- 
dle, between  these  two  high  points,  there  is  a  depression,  so  that  there 
the  relative  elevation  is  not  more  than  00  feet.  Beyond  Rock  Independ- 
ence the  granite  passes  out  of  our  district. 

Connecting  the  three  exposures  which  I  regard  as  belonging  to  one 
series,  we  obtain  an  old  granitic  range  of  considerable  length.  It 
shows  a  slight  S-shaped  curve  upon  horizontal  projection.  Between 
the  eastern  end  of  the  subsidiary  range  and  the  western  beginning  of  the 
Sweetwater  Hills  there  was  a  decided  depression,  permitting  the  granites 
to  be  hidden  from  sight  by  the  succeeding  sedimentary  formations.  A 
similar  depression  existed  in  the  space  intervening  between  the  last- 
named  outcrop  and  the  Granite  Hills.  From  all  that  I  have  seen 
throughout  this  region  I  have  come  to  the  conclusion  that  the  continuity 
of  these  three  groups  may  be  regarded  as  having  formerly  existed,  and 
that  the  granite  composing  them  is  the  oldest  rock  in  our  district. 

7  O  8 
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From  the  sections  which  are  given  below,  the  relative  position  of  this 
Prozoic  granite  will  be  seen.  80  far  as  could  be  determined,  this  most 
ancient  range  was  but  very  little  affected,  locally,  by  the  great  dynamic 
disturbances  which  succeeded  the  close  of  the  Cretaceous  era. 

Duriug  the  early  Palaeozoic  period  this  low  range,  which  then  occupied 
a  much  higher  relative  position  than  at  the  present  time,  formed  an 
effective  barrier  to  the  southwestward  progress  of  the  waters.  We  lind, 
therefore,  that  on  the  southern  sIojh)  of  the  granitic  groups  the  older 
sedimentary  formations  occupy  a  very  subordinate  position,  except  at 
such  points  where  the  low  elevation  of  the  range  permitted  the  passage 
of  waters  in  winch  the  sediment  was  deposited.  We  may  regard  the 
strata  deposited  during  the  older  sedimentary  period  north  of  this  range  as 
the  terminal  edges  of  the  extensive  areas  to  the  north  and  northeast. 
An  exception  to  this  occurs,  however,  along  the  former  depression  be- 
tween the  granites  of  the  western  end  of  the  Sweetwater  Ilills  and  those 
•of  the  Granite  Ilills.  There  five  access  was  afforded,  and  as  a  result  we 
find  the  sedimentary  beds  of  the  eastern  Sweetwater  and  the  Seminole 
Ilills. 

METAMOBPHICS. 

In  the  preceding  chapter  it  has  been  stated  that  the  metalliferous  me- 
tainorphics  extended  for  some  distance  down  on  the  Sweetwater.  Their 
last  appearance  on  this  river  is  found  hi  the  Little  Canon  west  of  Saint 
Mary's  much.  At  this  point  they  are  directly  overlaid  by  Potsdam  quart- 
zitc.  We  observe  that  the  metamorphic  granite,  which  is  elsewhere  inter- 
posed between  these  schists  and  the  Silurian  strata,  is  entirely  eliminated. 
This  may  be  accounted  for  most  readily  by  the  assumption  that  the  old 
schists  here  reach  their  greatest  horizontal  and  vertical  development.  In 
consequence  of  this  the  extreme  bonier  of  the  granites  does  not  reach  so 
far  south.  The  nearest  point  where  the  granite  crops  out  again  is  south 
of  Sheep  Mountain,  on  the  line  of  the  anticlinal  upheaval,  where  Pots- 
dam quartzites  are  tound  resting  upon  it.  To  the  south  of  the  river  the 
schists  are  covered  by  Tertiary  beds,  determining  the  limits  of  the  group. 
Within  our  district  this  schist  does  not  again  make  its  appearance. 

Metamorphic  granite  is  found  in  the  Sweetwater  and  Seminole  Ilills. 
It  is  composed  of  orthoclase,  white  and  yellow  quartz,  muscovite,  and 
some  oligoclase.  The  exposures  we  find  in  these  hills  are,  in  my  opinion, 
a  continuation  of  the  youngest  granites  appearing  on  the  eastern  slope 
of  the  Wind  River  Range.  After  the  continuity  of  the  granite  in  that 
region  is  broken  we  first  iiud  it  agaiu  south  of  Sheep  Mountain.  There 
it  occupies  its  present  position  by  virtue  of  the  anticlinal  fold  which 
passes  through  in  a  direction  south  of  east.  Again  we  find  a  small 
exposure  near  the  Sweetwater,  about  12  miles  below  Saint  Mary's  ranch. 
From  that  point  we  must  travel  in  a  more  easterly  direction,  ahpnt  B. 
20°  S.,  in  onler  to  find  another  outcrop.  It  is  once  more  met  within  the 
Sweetwater  Ilills  west  of  El  Idiom  Gap.  Ascending  the  mountain 
directly  west  of  the  gap,  we  find  the  entire  summit  and  the  higher  por- 
tions of  both  the  north  and  south  slopes  composed  of  granite.  It  is  here 
too  much  weathered  to  show  any  definition  of  stru-toid  arrangement,  but 
from  the  sha]>e  of  the  hill  and  its  trend  we  may  infer  that  we  stand  upon 
the  crest  of  an  anticlinal  uplift.  Proceeding  westward  on  this  flat-topi>ed 
hill  we  find  the  granite  gradually  pinching  out,  until  we  reach  a  group 
of  sedimentary  beds  dipping  steeply  toward  the  south.  Several  of  the 
formations  from  the  Silurian  upwanl  are  here  exposed,  while  the  granites 
have  sunk  down  low  and  are  covered  by  the  strata  of  the  Sweetwater 
Groiip. 
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succession  of  sedimentary  formations.    At  the  northern  end  of  the  sec- 
tion the  effect  of  the  Sheep  Mountain  anticlinal  (A)  has  been  indicated. 

Section  IV  runs  south  and  north  a  short  distance  west  of  Saint  Mary's  ; 
Station.  It  cuts  one  of  the  old  granitic  hills  (a).  Resting  against  this  i 
the  schists  have  been  represented  in  diminished  quantity.  They  do  not  1 
appear  upon  the  surface.  Carboniferous  limestone  (/and  g)  are  found 
on  a  line  toward  the  Sweetwater,  dipping  northward.  Tertiary  strata 
cover  them  for  considerable  distance.  Passing  down  the  steep  northern 
slope  of  these  latter,  we  reach  older  sedimentary  formations,  and  with 
them  the  continuation  of  the  anticlinal  upheaval  (A).  The  line  of  ele- 
vation continued  from  the  Wind  River  Range  is  marked  in  both  sections 
as  E.    It  is  obscure,  but  can  occasionally  be  found. 

Section  Y  is  taken  along  a  line  a  short  distance  east  of  Saint  Mary's 
ranch.  The  old  granite  (a)  is  almost  entirely  hidden  by  superincumbent 
Tertiary  beds  (T).  Resting  upon  the  Prozoic  rocks  the  schists  (b)  have 
been  sketched  as  forming  but  a  small  deposit,  while  the  younger  gran- 
ites (c)  are  advancing  toward  the  south.  We  know  of  their  existence  in 
that  region  as  well  as  of  the  presence  of  the  anticlinal  fold  ( A)  through 
some  small  outcrops  that  wrere  found.  North  of  the  edge  or  the  Sweet-  * 
water  plateau  (P)  we  find  the  sedimentary  strata  undisturbed. 

Section  VI  runs  along  a  line  about  2  miles  west  of  the  first  granitic  hills 
north  of  the  Sweetwater.  From  the  south  everything  is  obscured  by 
Tertiary  deposits.  At  the  river  we  observe  the  appearance  of  both 
Silurian  and  Carboniferous  strata.  I  hold  the  view  that  this  is  produced 
by  the  efiect  of  the  anticlinal  axis  (-A),  which  hero  coincides  with  the 
axis  of  main  elevation  (12).  In  this  section  we  pass  the  region  of  mini- 
mum elevation  of  the  oldest  granite.  To  the  northward  the  Prozoic 
granites  are  indicated  as  reaching  nearly  to  the  surface,  while  the  younger  '' 
gramte  extends  still  farther  south.  Near  the  northern  end  of  the  sec- 
tion, the  efiect  of  the  second  anticlinal  (2?),  which  has  been  mentioned 
in  Chapter  I,  is  introduced. 

Section  VII  cuts  along  a  line  about  13  miles  west  of  Sweetwater  Gap. 
We  there  observe  the  reverse  of  what  was  seen  in  section  IV.  From 
the  south  the  Tertiary  bluffs  (1)  extend  high  up,  obscuring  everything. 
North  of  those  we  find  a  series  of  sedimentary  formations  dipping  to 
the  southward  at  very  high  angles.  A  narrow  line  of  metamorphic 
granite  (c)  runs  along  the  outcrop  of  Potsdam  sandstone  (d).  North  of 
this  granite  the  Sweetwater  Group  covers  the  entire  region  to  the  base 
of  the  Granite  Hills.  Underlying  these  the  older  sedimentary  forma* 
tions  have  been  represented.  Travelling  eastward  from  that  line  we 
find  that  the  sedimentary  beds  rapidly  disappear?  but  that  the  granite, 
takes  a  turn  to  the  southeast,  and  rises  to  a  considerable  elevation.  It 
there  forms  the  main  bulk  of  the  Swectwatfcr  Hills.  Both  the  north  and 
south  slopes  are  entirely  obscured  by  Tertiary  strata,  so  that  nothing 
further  of  the  structure  can  be  seen.  I  ascribe  this  rise  to  the  effect  of 
the  anticlinal  upheaval  (A)  which  has  continued  in  ite  general  direction 
until  it  reached  this  point.  The  southerly  portion  of  the  strata,  having 
been  pushed  high  up,  still  remains,  while  their  northern  continuations 
,  either  never  reached  the  same  elevation,  or  were  eroded  and  are  now 
covered  by  Tertiary-  beds. 

The  granite  continues  to  Elkhorn  Gap,  and  from  there  eastward  forms 
the  central  portion  of  the  hills  to  Whisky  Gap.  Section  VIII,  token  a 
short  distance  east  of  the  former,  shows  the  main  granitic  mass  occupy- 
ing the  points.  Another  granitic  outcrop  (c)  corresponds  with  that 
farther  west  in  its  action  upon  the  strata  of  sedimentary  formations.  So 
far  as  could  be  determined,  these  originally  sloped  froiu  the  northward,^ 
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occupying  but  a  small  area  on  the  side  of  the  hfl].<;  By  the  protrusion 
of  this  newly-api>earing  granite,  the  beds,  have  tteez*  very  much  dis- 
turbed, and  in  several  instances  directly  doubled  Mp)  .  I  regard  this 
phenomenon  as  due  to  the  influence  of  the  anticlinal  Upheaval  desig- 
nated as  B.  Throughout  the  Sweetwater  Valley  no  evidence  can  be 
found  of  it  except  near  the  western  border  of  the  Granite  Hills.  Pos- 
sibly this  upheaval  has  nothing  to  do  with  the  occurrence,  but  in  this 
ease  its  peculiarity  could  only  be  explained  by  the  acceptation  of  an 
independent  elevation  along  a  liue  parallel  with  the  trend  of  the  hills. 

Following  along  the  summit  of  the  hills,  we  And  that  nearly  aU-irxf'the 
northern  slope  is  obscured  by  Tertiary  strata  and  drift.    Granite  contin- 
ues to  form  the  central  mass.    On  the  south  side  younger  sedimentary* 
strata  dip  off  from  the  granites.    At  Whiskey  Gap  the  connection  W- 
tween  the  latter  is  entirely  broken. 

The  granite  of  the  Sweetwater  Hills  comes  to  an  abrupt  termination, 
and  the  succeeding  range  shows  its  highest  points  occupied  by  sedimen- 
tary beds.  At  this  locality  the  disturbing  granite  (c)  evidently  makes 
a  subterranean  curve,  but  appears  again  a  short  distance  east  of  the 
gap.    This  condition  of  structure  is  illustrated  by  section  IX. 

We  find  the  granitic  area  gradually  widening  as  we  go  eastward, 
pushing  the  sedimentary  beds  toward  the  southeast.  Dipping  steeply 
at  first  to  the  south,  they  gradually  assume  a  more  gentle  inclination. 
Bed  follows  bed  until  the  younger  Cretaceous  strata  are  reached,  which 
eventually  form  the  low  country  extending  toward  Fort  Steele. 

In  no  instance  do  the  sedimentary  beds  appear  with  a  northward  slope 
on  the  north  side  of  the  granites.  It  might  be  supposed  that  they  were 
elevated  and  pushed  beyond  the  vertical,  but  the  order  of  the  beds 
would  in  that  case  necessarily  be  inverted.  We  have  evidence  at  a 
number  of  ]K>ints  that  the  Sweetwater  Group  covers  older  sedimentary 
strata  reaching  down  to  the  Silurian,  and  I  am  inclined  to  ascribe  the 
absence  of  such  groups  on  the  north  slopes  of  the  hills  to  the  effects  of 
early  erosion.  When  the  maps  shall  be  completed  I  will  be  able  to  pre- 
sent horizontal  sketches  of  the  former  and  present  of  this  region  which 
rejrion  which  will  make  clear  the  dynamic  actions  involved.  At  tirst 
sight  they  appear  complicated,  but  they  can  readily  be  reduced  to  a 
comparatively  simple  system. 

PALAEOZOIC  FORMATIONS. 

SILUHIAN. 

At  a  number  of  localities  within  the  Sweetwater  drainage  we  find 
Silurian  strata.  In  part  they  are  a  direct  continuation  from  the  region 
farther  northwest ;  in  parts  they  appear  after  having  been  hidden  for 
some  distance  by  superincumbent  strata. 

Potsdam  sandstone. 

A  good  exposure  of  the  red  quartzites  belonging  to  this  group  is  found 
near  the  Little  Canon  of  the  Sweetwater.  The  wagon-road  leading  to 
Stambangh  crosses  the  upturned  strata.  In  accordance  with  the  posi- 
tion and  configuration  of  the  schists  upon  which  they  rest,  the  quartzites 
show  an  easterly  dip  amounting  to  about  30°.  They  form  a  port-ion 
of  the  canon  walls.  Trending  in  a  southeasterly  direction,  they  are 
Boon  lost,  however,  within  the  Prozoic  Group  at  the  western  end  of 
the  Sweetwater  Hills.    I  do  not  recognize  them  with  certainty.    Going 
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to  the  eastward,  w&.  njeet  with  the  first  extensive  outcrops  on  the  north 
side  of  these  hUlsV-aC'thc  locality  which  is  cut  by  Section  VII.  Besting 
upon  a  narrow  ftaiut  of  granite,  the  red  quartzites  stand  nearly  vertical, 
decreasing  sligfrtly  in  dip  as  they  continue  southward.  !N"ear  a  small  creek 
in  that  regio&.they  have  been  raised  to  an  elevation  of  about  500  feet, 
forming  a  prominent  lull.  To  this  region  their  thickness  is  about  400 
fret.  As'itt'the  vicinity  of  the  mountains,  so  here  we  observe  a  number 
of  variations  in  the  quartzites.  Generally  they  show  a  rusty  red  color, 
occasionally  deepening  into  a  dark  brown.  Near  the  top  some  lighter 
stifrttT-occiir,  of  pink,  yellow,  and  white  color.  From  there  they  do  not 
gjipCKXr  again  in  the  hills  until  we  reach  Elkhorn  Gap. 
#  Vear  the  western  termination  of  the  Granite  Hills  a  prominent  anti- 
.   '-.elinal  upheaval  is  observed  in  the  sedimentary  beds  just  north  of  the 

".•/.Sweetwater  plateau.     Its  continuation  extends  toward  the  southeast. 

.#  "•  South  of  the  point  where  the  disturbed  beds  join  the  plateau  edge,  a 
small  canon  is  formed,  through  which  the  river  finds  its  way.  The  walls 
of  this  are  composed  mainly  of  Potsdam  quartzite.  Although  the  rent 
does  not  occur  exactly  on  the  vertical  axis  of  the  anticlinal  which  reaches 
this  region  from  Sheep  Mountain,  I  am  inclined  to  ascribe  its  formation 
to  this  cause.  It  is  apparent  that  the  strata  here,  which  dip  at  angles 
varying  from  15°  to  20°  to  the  north  and  northeast,  fomi  the  northern 
side  of  the  anticlinal,  which  in  the  sections  has  been  marked  A.  For  a 
short  distance  only  are  the  quartzites  here  exposed,  disappearing  under 
the  beds  of  the  Sweetwater  Group. 

Directly  east  of  Elkhorn  Gap,  on  the  north  side  of  the  hills,  we  find 
a  rather  extensive  outcrop  of  the  same  strata.  Rising  at  first  appa- 
rently directly  out  of  the  Tertiary  beds  adjoining,  we  soon  find  the  cause 
of  their  elevated  position  by  examining  the  country  a  very  short  dis- 
tance farther  east.  Dipping  toward  the  northeast  at  an  angle  of  80°  to 
ttf>o,  the  quartzites  form  sharp,  prominent  hills.  We  find  them  resting 
upon  mctamorphic  granites,  which  gradually  increase  in  height  and  area 
toward  the  east.  Xear  the  centre  of  the  hill  the  granite  is  once  more 
covered  by  Tertiary  beds,  but  the  quartzites  remain  exposed.  Enormous 
masses  of  glacial  drift  render  it  impossible  to  follow  the  line  of  outcrop, 
but  the  recurrence  of  the  Potsdam  quartzites  only  a  short  distance  west 
of  Whiskey  Gap  proves  the  underground  connection.  Throughout  the 
entire  line  they  stand  nearly  on  end,  evidently  having  been  pushed  up 
with  great  violence. 

East  of  Whiskey  Gap,  we  find  the  continuation  of  the  series,  flanking 
the  Seminole  Mountains  on  the  north  side.  Crossing  Muddy  Creek,  we 
notice  a  narrow  line  of  red  quartzites,  trending  approximately  east  and 
west.  They  stand  vertically  or  dip  at  a  very  steep  angle  to  the  south. 
The  same  granite -which  has  produced  their  elevation  near  Sweetwater 
Gap  now  appears  in  the  same  relative  position.  It  forces  the  quartzites 
high  up  into  the  Seminole  Hills,  making  up  almost  the  entire*  eastern 
slope. 

Calciferous  Group. 

At  the  most  westerly  outcrops  of  the  Potsdam  quartzites  the  caleifor- 
ous  series  has  shrunk  to  a  minimum.  Farther  east  it  is  represented  by 
a  series  of  gray  and  yellow  dolomites,  partly  arenaceous,  which  are  of 
very  little  importance,  however.  In  stratigraphical  arrangement  and  iu 
participation  in  folds  and  plications,  the  beds  of  this  series  are  thor- 
oughly conformable  with  those  underlying. 

Iu  the  two  Silurian  Groups  but  very  few  fossils  were  found  through- 
out this  region.    Lingula  occurs  in  the  quartzites,  and  a  number  of  poorly 
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preserved  corals  were  noticed  in  the  dolomites  and  magnesian  limestones. 
The  great  strains  to  which  these  members  of  tlie  Silurian  formation  have 
"been  subjected  have  resulted  in  numerous  joints  and  fraetures.  This 
feature  is  particularly  noticeable  in  the  quartzites,  which  weather  in 
sharp,  angular  bowlders. 

CARBONIFEROUS. 

/Subcarboniferous. 

Occupying  the  same  relative  position  as  it  does  farther  to  the  north- 
west, we  find  the  Subcarboniferous  strata  within  the  region  of  the  Sweet- 
water drainage.  Composed  of  the  same  beds  here  as  there,  they  are 
found  underlying  the  massive  blue  limestones  of  the  Carboniferous 
Group.  Xear  the  Little  Canon  of  the  Sweetwater  the  dolomites  and 
sandstones  belonging  to  the  group  overlie  the  Potsdam  sandstones.  A 
large  portion  of  them  are  hidden  by  the  Tertiary  beds,  which  there  occupy 
diseomnected  areas.  At  the  western  end  of  the  Sweetwater  Hills  the 
dolomites  mostly  rest  directly  upon  the  Prozoic  granites,  dipping,  gen- 
erally, to  the  northward  and  northeast.  They  are  covered  by  the  Car- 
boniferous series,  which,  in  turn,  is  hidden  from  sight  by  the  overlying 
Tertiary  beds.  In  the  Sweetwater  and  Seminole  Hills,  as  well  as  directly 
west  of  the  Granite  Hills,  the  Subcarboniferous  Group  is  thoroughly  con- 
formable witli  the  Silurian.  Its  thickness  may  be  estimated  as  varying 
from  700  to  900  feet,  increasing  toward  the  east.  Very  few  fossils  were 
found,  all  of  them  in  an  exceedingly  poor  state  of  preservation. 

Carboniferous  Group. 

In  the  region  of  the  Sweetwater  the  Carboniferous  Group  becomes  of 
considerable  importance.  Appearing  first  in  connection  with  the  Silu- 
rian beds  near  the  Little  Caiion,  the  blue  limestones  are  covered  to  the 
southward  by  Tertiary  deposits.  They  are  again  exposed  in  the  area  of 
the  granitic  hills  south  of  the  river.  Occupying  either  the  slopes  of  these 
hills  or  forming  ridges  which  trend  about  N.  45°  W.,  they  dip  toward 
the  north  and  northeast.  Notlring  further  is  seen  of  them  until  we  reach 
the  western  end  of  the  Granite  Hills.  At  the  northern  edge  of  the 
plateau  we  find  some  very  interesting  outcrops.  We  see  there  the  effects 
of  the  termination  of  an  anticlinal  upheaval.  It  is  essentially  one  of 
that  character  which  Dr.  Hayden  regards  as  typical  for  the  entire  region. 
They  occur  in  Dakota,  Wyoming,  and  adjacent  Territories.  By  the  up- 
heaval an  arrangement  of  strata  lias  been  produced  which  forms  an  oval 
or  long-drawn  quaquaversal  fold.  In  this  instance  the  Subcarboniferous 
strata  are  the  lowest  ones  exposed,  as  the  presence  of  the  Granite  Hills 
probably  prevented  the  carrying  up  of  older  strata.  By  this  same  up- 
heaval the  younger  granites  to  the  northwest  of  the  Prozoics  have  been 
raised,  but  not  sufficiently  high  to  produce  a  rupture  of  the  Carboniferous 
beds  sufficiently  great  to  let  the  Silurian  strata  appear.  Two  sections 
(X  and  XI)  will  illustrate  the  conditions  here  existing.  The  first  one 
runs  approximately  north  and  south,  the  second  east  and  west. 

Beginning  at  the  southern  end  of  Section  X  we  find  the  Tertiary  beds 
(?)  overlying  Carboniferous  (d).  In  this  line  we  cut  the  point  on  the 
Sweetwater,  where  it  flows  through  a  narrow  gorge  of  Silurian  and  Car- 
boniferous strata.  This  is  located  near  the  continuation  of  the  anticlinal 
fold  which  in  previous  sections  has  been  marked  A.  North  of  the  river 
the  limestones  dip  at  an  angle  of  15°.  They  are  soon  covered  again  by 
Tertiary  strata.,  but  reappear,  dipping  southward  8°.    The  obscured 
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portion  must  therefore  most  likely  contain  a  shallow  synclinal  fold  (F). 
Following  along  the  Carboniferous  outcrop  we  find  the  dip  of  the  strata 
steadily  but  slowly  increasing,  until,  at  the  highest  point,  it  reaches 
about  20°.  From  the  summit  of  tliis  hill  the  strata  slope  off  to  the 
northward,  rapidly  diminishing  in  dip.  In  regular  succession  we  find 
the  Permian  (c),  Triassie  (/),  Jurassic  (</),  and  Cretaceous  (h)  beds.  The 
hill  showing  the  highest  outcrop  of  Carboniferous  is  located  on  the 
central  axis  of  the  anticlinal  B.  It  must  be  remembered  that  neither  of 
these  two  sections  cut  this  fold  at  right  angles  to  its  trend,  and  that  in 
reality,  therefore,  the  inclination  of  strata  is  steeper  than'  here  repre- 
sented. 

Section  XI  begins  with  beds  of  the  Sweetwater  Group,  covering  the 
older  formations.  The  first  exposure  we  find  of  older  strata  consists  of 
Permian  beds  (e)  which  appear  superimposed  upon  the  massive  blue  Car- 
boniferous limestones  (d).  At  the  highest  point  of  this  latter  we  notice 
a  slight  flexure  of  the  strata.  Dipping  to  the  westward  originally  at  an 
angle  of  18°  to  20°,  they  suddenly  dip  to  the  east  12°  for  a  short  distance, 
anil  then  resume  their  former  position.  Erosion  and  perhaps  breaking 
of  the  strata  has  exposed  the  Subcarboniferous  Group?  which  we  find 
resting  directly  against  the  younger  granites.  Along  this  line  of  section 
we  cut  one  of  the  hills  composed  of  this  material.  It  is  an  isolated  one, 
as  is  shown  by  the  appearauce  of  Carboniferous  beds  east  of  it.  A  little 
farther  on  everything  is  once  more  covered  by  Tertiary  deposits.  In  both 
sections  the  Prozoic  granites  (P)  have  been  indicated  as  existing,  but  not 
yet  reaching  the  surface. 

If  we  follow  the  line  of  the  anticlinal  (A)  we  will  find  it  to  lead  us  to 
the  Palaeozoic  exposures  west  of  the  first  masses  of  metamorphic  granite 
in  the  Sweetwater  Hills.  In  a  similar  manner  the  second  one  (B)  points 
toward  the  region  of  disturbance  east  of  Elkhorn  Gap. 

At  the  point  first  mentioned  the  Carboniferous  strata  occupy  a  very 
prominent  position.  They  form  narrow  sharp  ridges  dipping  to  the  south 
at  an  angle  of  about  70°.  Several  small  canons  lead  through  these 
ridges  into  the  slopes  of  the  Sweetwater  Valley.  Here,  as  well  as  else- 
where, the  massive  blue  limestones  are  entirely  conformable  with  the 
older  beds.  So  far  as  could  be  determined  without  horizontal  measure- 
ment, the  thickness  of  the  beds  here  amounts  to  about  1,000  feet.  In 
lithological  character  the  rocks  arc  exactly  the  same  as  east  of  the  Wind 
Biver  Range.  Only  for  a  short  distance  does  this  outcrop  of  Carbonifer- 
ous beds  extend.  Probably  the  beds  do  not  reach  sufficiently  high  up  on 
the  northern  side  to  protrude  through  the  Tertiary  beds.  On  the  south 
side  they  rapidly  lose  their  dip  and  sink  out  of  sight. 

East  of  Elkhorn  Gap  the  Carboniferous  limestones  again  appear.  An 
isolated  rock,  about  200  feet  in  height  first  indicates  their  presence.  We 
found  it  so  steep  as  to  be  inaccessible.  Strata  standing  on  end  have 
given  rise  to  its  formation.  From  there  eastward  the  limestones  follow 
a  narrow  line  of  outcrop.  We  find  that  directly  north  of  this  series  of  Car- 
boniferous strata  a  small  quantity  of  granite  occurs,  which  soon  disap- 
pears, however.  Tracing  the  beds  along  their  strike  we  observe  that 
the  limestones  make  a  sudden  bond  toward  the  southeast.  At  this 
point  a  heavier  mass  of  granite  jutting  up  on  the  north  side  has  caused 
a  complete  overturn  of  the  strata,  causing  an  S-shaped  fold.  The  flexure 
of  the  strata  is  such  as  to  produce,  on  the  present  surface,  a  steady  dip 
to  the  northward.  Near  the  hillside  everything  is  obscured  by  drift  and 
timber,  so  that  but  little  can  be  learned  as  to  the  southern  continuation 
of  this  interesting  point.    The  only  indications,  indeed,  that  can  be  ob- 
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tained  at  all,  are  derived  from  the  red  color  of  the  Triassic  Group.    While 
discussing  this,  a  section  will  be  given  which  cuts  this  region. 

Directly  east  of  Whiskey  Gap  the  Carboniferous  Group  reaches  the 
greatest  development  and  most  prominent  position  in  our  district. 
Standing  on  end,  or  showing  a  dip  of  80°  to  85°  to  the  south  and  south- 
vest,  the  strata  are  first  found  low  down,  but  soon  make  a  turn  to  the 
southeast  and  occupy  the  summit  of  the  hills.    Their  mode  of  weath- 
ering and  the  position  of  the  strata  give  the  Seminole  Hills  a  very 
characteristic  appearance.    The  white,  blue,  and  yellow  dolomites  and 
limestones  of  the  Carboniferous  formation  produce  high,  almost  vertical, 
vails,  separated  by  narrow  gullies  which  are  tilled  with  loose  dtbris. 
Setaiuing  a  strike  a  little  south  of  east,  we  follow  the  Carboniferous 
Group  throughout  the  Seminole  Hills  to  Sandy  Creek  Pass.    Retaining 
a  very  steep  southerly  dip,  it  is  gradually  crowded  toward  that  direction 
l)y  the  increasing  bulk  of  the  granites  directly  to  the  north.    Inclining 
vitb  the  strata,  but  diminishing  in  dip,  are  younger  sedimentary  beds. 

Wherever  we  find  the  Carboniferous  Group  represented  in  the  region 
to  which  this  chapter  is  devoted,  we  found  that  the  limestones  were 
thoroughly  impregnated  with  siliceous  matter.  As  in  the  Wind  River 
district,  so  here  too,  there  are  a  number  of  varieties  of  quartz  to  be  seen, 
occurring  in  the  form  of  concretions,  geodes,  and  small  seams.  All  the 
fossils,  which  are  the  sainc  as  those  fouud  to  the  northeast,  are  silicifled 
and  very  ]x>orly  preserved.  Crinoids  make  an  exception  as  to  their  com- 
position. In  the  Seminole  Hills  the  thickness  of  the  Carboniferous  Group 
appears  to  be  about  2,10ft  to  2,200  feet,  perhaps  a  little  more.  The  posi- 
tion it  occupies  renders  it  difficult  to  make  an  accurate  estimate. 

Permian  Group. 

About  this  group  but  very  little  is  to  Ik?  said.    It  is  analogous  to  the 
occurrence  on  Twin  Creek,  which  has  been  described  in  the  preceding 
chapter.    On  the  upper  portions  of  the  Sweetwater  it  is  entirely  hidden 
by  Ti-i  tiarv  beds  and  first  appears  in  the  Sweetwater  Hills,   in  connection 
Trith  the  Carboniferous  outcrop  shown  in  Section  XI  the  Permian  strata 
aft1  found  in  the  low  valley  directly  west  of  the  main  mass  of  limestones. 
At  that  point  they  are  composed  of  gray,  greenish,  and  pink  sandstones, 
with  some  shales,  and  show  indistinct  remains  of  plants.    I  did  not  suc- 
ceed, much  to  my  regret,  in  obtaining  even  a  single  specimen  that  could  be 
ideutilied.    Here  the  thickness  of  the  group  is  rendered  doubtful  by  the 
direct  superposition  of  beds  belonging  to  the  Sweetwater  Group.    Farther 
east  the  Permian  occupies  a  position  directly  above  the  blue  limestones, 
as  heretofore,  and  takes  part  in  all  the  tlexures  and  plications  that  have 
lieen  descrilied  as  occurring  in  connection  therewith.    A  maximum  thick- 
ness of  nearly  300  feet  is  reached  at  some  of  the  more  easterly  localities. 
Tail  her  west  the  thickness  diminishes  to  less  than  200  feet. 

MESOZOIC  FORMATIONS. 

TRIAS. 

Traveling  downstream  in  the  Sweetwater  region,  we  meet  with  the 
first  outcrop  of  Triassic  beds  at  the  western  end  of  the  Sweetwater  Hills. 
There  they  are  overlying  Carboniferous  strata  conformably,  but  soon  dis- 
api>car.  sinking  down  low  toward  the  east,  while  westward  they  are 
covered  by  Tertiary  beds.  As  usual,  they  show  the  typical  red  sand- 
stones and  shales,  amounting  in  thickness  to  about  GOO  feet.   From  Section 
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VII  their  relative  position  may  be  learned.  We  do  not  meet  with  them 
again  until  we  have  crossed  Elkhorn  Gap,  about  15  miles  eastward.  At 
this  locality  we  liave  occasion  to  observe  very  clearly  the  upper  white 
and  pink  sandstones  which  close  the  group.  Its  thickness  amounts  to 
about  250  feet,  including  the  light  shales  and  marls. 

The  thickness  of  the  total  group  is  about  050  to  700  feet.  Here  wo 
have  arrived  at  the  locality  of  maximum  plication  of  the  strata.  It  mani- 
fests itself  hi  an  oval  quaquaversal  arrangement  and  in  the  reversion 
of  the  order  of  succession.  This  quaquaversal  is  not  the  result  of  an 
anticlinal  upheaval  alone,  but  is  due  to  the  anticlinal  fold  produced  by 
a  lateral  compression  of  the  beds.  Erosion  has  removed  the  apex  of  the 
flexure,  leaving  what  Gennan  geologists  term  an  "  aii'saddle"  (Lnftxat1el)* 
Section  XII  cuts  through  this  point  in  a  direction  about  N.  45°  E.,  and 
will  explain  the  grouping  of  the  various  formations  implicated  in  the 
movement. 

Advancing  from  the  northeast,  we  pass  over  the  strata  of  the  Sweet- 
water Group  (/),  until  we  find  rising  before  us  a  wall  of  red  quartzitc  (c). 
This  stands  so  nearly  vertical  that  it  is  impossible  to  determine  toward 
which  direction  it  inclines.  Crossing  this  we  find  the  series  of  CarlKinif- 
erous  groups  ((/,  euf)  dipping  toward  the  northeast.  Continuing  farther, 
in  a  straight  line,  we  cross  successively :  Trias,  Jura,  Dakota,  Jura,  Trias, 
Jura,  Dakota,  Colorado.  From  that  point  drift  obscures  all  outcrops, 
with  the  exception  of  one  red  spot  higher  up,  indicating  Trias.  Exam- 
ining the  dips,  we  And  the  series  of  beds  just  enumerated  dipping  uni- 
formly to  the  northeast  at  angles  increasing  from  35°  to  50°.  The  last 
outcrop  of  Dakota  to  the  southwest  stands  vertical,  as  do  the  Colorado 
shales.  It  could  not  be  determined  how  thick  the  last  named  were, 
owing  to  an  accumulation  of  drift.  A  section  at  right  angles  to  the  one 
we  have  given  would  cut  Carboniferous,  Trias,  Jura,  Dakota,  Jura, 
Trias,  Carl>oniferous.  As  the  axis  of  elevation  is  not  vertical,  the  Da- 
kota and  Jura  would  not  l>e  cut  at  the  northwestern  end  of  this  latter 
section.  As  in  the  previous  one,  so  here  too  do  we  find  the  dip  arranged 
in  conformity  with  the  slanting  quaquaversal  structure. 

In  the  section  only  such  portions  the  position  of  which  could  be  defi- 
nitely established  have  been  directly  indicated,  the  remaining  continua- 
tion having  been  given,  as  supposed  to  exist,  in  broken  lines.  We  find 
that  from  the  northwest  the  strata  have  been  overturned.  Descending 
from  the  highest  Carboniferous  point  toward  the  southwest,  we  pass 
successively  over  the  edges  of  one  group  alter  the  other.  Reaching  the 
Dakota,  we  find  that  this  is  doubled.  Here,  then,  we  have  a  synclinal 
fold  immediately  succeeded  by  an  anticlinal.  While  both  are  due  to  the 
same  cause,  namely  lateral  pressure,  the  horizontal  dimensions  of  the 
latter  exceed  those  of  the  former.  As  soon  as  we  have  passed  this 
doubled  portion  we  again  reach  Jurassic  and  then  Triassic  strata. 
Within  the  latter  we  reach  the  apex  of  the  slanting  fold.  Beyond  this 
the  order  of  succession  is  again  reversed  until  we  reach  the  limit  to 
which  our  examinations  of  the  surface  can  extend.  Colorado  shales, 
standing  on  end,  an*  the  last  group  that  appears  clearly  in  this  section. 
Drift  obscures  all  the  remaining  portions,  in  the  section,  broken  lines, 
indicating  tin*  various  formations,  have  been  extended,  so  as  to  show  a 
connection  with  the  mctamorphie  granite  of  the  ridge  southward.  This 
has  been  done  localise  we  observe  a  small  Triassic  outcrop  on  the  north 
slope  of  the  ridge,  and  because  farther  east  we  find  the  beds  higher  up. 
It  will  be  seen  that  a  line  dividing  the  completed  folds  (p  q)  runs 
upward  at  a  considerable  angle.  To  this  is  due  the  fact  that  the  Colo- 
rado shales  are  eliminated  from  the  first  synclinal  fold  which  doubles 
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the  Dakota  sandstones.  The  line  n  o  has  been  drawn  to  indicate  the 
possible  limits  of  the  metainorphic  granite  (b).  North  of  the  sedi- 
mentary formations  the  section  contains  a  body  of  granite  (a)  which  does 
not  appear  on  the  surface  along  that  line,  but  crops  out,  holding  the 
same  relative  position  only  a  very  short  distance  farther  west. 

This  section  presents  the  most  interesting  case  of  plication  which  we 
observed  in  our  district.  I  attribute  it  to  the  influence  of  the  anticlinal 
upheaval  which  has  previously  been  alluded  to,  and  is  marked  B  on  the 
sections.  The  character  of  this  section  is  in  perfect  accordance  with  the 
dynamic  manifestations  which  we  are  accustomed  to  see  in  this  region, 
and  folly  coincides  in  structure  with  the  "oval  quaquaversals"  so  fre- 
quently exhibited  in  this  section  of  country.  The  overturn  of  the  strata 
is  an  interesting  and  important  feature.  It  is  very  much  to  be  regretted 
that  the  thick  Tertiary  beds  to  the  north  prevent  any  outcrops  in  that 
direction,  because  the  position  of  the  Palaeozoic  groups  there  must  neces- 
sarily all'ord  a  large  amount  of  information  upon  the  nature  and  extent 
of  the  forces  which  produced  these  and  other  plications. 

On  the  Sweetwater  llills  the  Triassic  beds  are  exposed  again  a  short 
distance  west  of  Whiskey  Gap.  They  there  retain  the  same  relative 
position  as  heretofore. 

At  Whiskey  Gap  we  find  the  continuation  of  the  Triassic  beds.  They 
apiiear  along  a  line  curving  first  north,  then  east,  and  finally  southeast. 
A  prominent  bluff  is  formed  by  the  superimposed  Jurassic  strata,  below 
which  the  "red  beds"  form  a  steep  northerly  slope,  bare  of  vegetation. 
An  excellent  opportunity  was  here  afforded  to  search  the  strata  for  fos- 
sils, but  all  our  effort  in  that  direction  resulted  merely  in  obtaining 
some  fucoidal  plates  which  were  very  poorly  preserved.  At  this  locality 
the  division  between  the  lower  red  shales  and  sandstones  and  the 
upper  lighter  ones  is  very  marked.  The  latter  group  contains  white, 
yellow,  and  pink  sandstones,  heavily  bedded  and  interstratiiied  with 
thin  layers  of  pink  and  light-green  shales.  Below  that  follows  the 
series  of  massive,  highly  argillaceous  red  sandstones.  These  overlie 
thick  beds  of  bright  reel  shale,  containing  intersti  ata  of  yellow,  pink, 
white,  and  bluish  dolomites.  Varying  from  2  inches  to  2  feet  in  thick- 
ness, these  hard  beds  produce  slight  terraces  in  the  slopes  occupied  by 
the  shales. 

In  every  respect,  except  in  the  absence  of  fossils,  the  red  beds  of  this 
region  closely  resemble  the  Kcuper  Group  of  the  South  European  Trias. 
The  "  marries  irisecs77  of  the  French  and  "Bunte  Mergel"  of  German  geol- 
ogists agree  closely.  Although  this  group  in  Europe  shows  a  great 
paucity  of  fossils,  some  typical  genera  6ccur  which  we  tail  to  iind  in 
what  we  regard  as  the  Triassic  beds  of  the  Rocky  Mountains.  The 
thickness  of  the  formation  east  of  Whiskey  Gap  may  be  regarded  as 
very  near  1,000  feet. 

Curving  with  the  Palaeozoic  series,  the  red  beds  sweep  around  the 
western  base  of  the  Seminole  Hills,  and  disappear  altogether  from  the 
northern  slope.  Skirting  the  border  of  the  hills  on  the  south  side,  they 
gradually  sink  down  and  disappear  in  the  vicinity  of  Sandy  Creek  Pass. 
There  some  slight  local  disturbances,  probably  nothing  more  than  unim- 
portant faults,  have  caused  a  change  of  the  dip,  which  is  generally  to 
the  southward.  # 

jura. 

Varying  but  slightly  in  character  from  the  Jurassic  beds  east  of  the 
Wind  Biver  Bange,  we  find  the  same  formation  exposed  on  the  Sweet- 
water drainage.    Essentially  the  arrangement  of  strata  is  the  same, 
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changing  a  little  in  relative  thicknesses,  however.  We  first  met  with 
Jurassic  limestones  in  the  western  portion  of  the  Sweetwater  Hills. 
After  but  a  short  line  of  exposure,  during  which  they  remain  conform- 
able with  the  underlying  red  beds,  they  are  hidden  by  younger  deposits. 
Again  they  appear  east  of  Elkhorn  Gap,  taking  part  in  the  folding  which 
is  represented  by  Section  XII.  Innumerable  fossils  were  found  at  this 
locality,  limited  unfortunately  to  Belemnites,  Camptonectes,  Pecten,  and 
Qryplwea*  Several  specimens  of  the  first-named  genus  were  collected 
which  closely  resemble  B.  brevis  of  the  European  Jura.  At  the  east- 
ern end  of  the  Seminole  Hills,  Jurassic  beds  occupy  a  prominent  posi- 
tion. Resisting  erosion  more  effectually  than  either  the  older  Triassic 
or  younger  Cretaceous  rocks,  they  form  a  conspicuous  line  of  sharp, 
narrow  ridges.  In  their  course,  these  trend  first  toward  the  east,  then 
turn  south  and  flank  the  termination  of  the  hills.  Passing  over  to  the 
southern  slope,  they  are  soon  lost  under  the  accumulation  of  younger 
formations.  In  the  vicinity  of  Whiskey  Gap  an  increase  of  the  total 
thickness  may  be  observed  over  that  seen  farther  northwest.  The  entire 
series  of  beds  here  measures  about  260  to  300  feet. 

Judging  from  the  character  of  the  strata  composing  the  formation, 
there  is  no  doubt  but  that  the  Jurassic  deposits  of  our  district  at  one 
time  formed  a  connected  sheet.  Now  they  are  broken,  through  the 
agency  of  stratigraphical  disturbances,  and  are  exposed  only  at  favor- 
able localities.  We  may  assume,  however,  that  unless  removed  by  early 
erosion,  the  same  beds  extend  through  under  the  extensive  series  of 
Tertiary  deposits  which  have  accumulated  in  the  region  of  the  Sweet- 
water River. 

CRETACEOUS. 

Dakota  Group. 

Cretaceous  groups  are  represented  very  sparingly  in  the  region  of  the 
Sweetwater.  We  find  the  lower  sandstones  of  the  Dakota  Group  pro- 
truding from  under  Tertiary  deposits  at  the  northern  portion  of  the  Sweet- 
water Hills.  The  characteristic  yellow  and  white  color,  as  well  as  the 
features  of  weathering,  permit  it  readily  to  be  recognized.  East  of  Elk- 
horn  Gap  we  again  find  it,  very  much  folded  by  the  plications  occurring 
there.  Section  XII  illustrates  the  position  of  the  group.  At  one  point 
we  find  it  directly  doubled,  forming  a  synclinal  fold,  the  horizontal  ex- 
tent of  which  is  equal  to  zero.  The  tfro  sides  are  closely  joined  in  such 
a  way  as  to  change  the  character  of  it*  usual  appearance. 

In  Whiskey  Gap  the  members  of  this  group  occupy  a  very  interesting 
position.  Curving  in  the  same  direction  and  manner  as  the  older  forma- 
tions heretofore  described,  the  strata  curve  around  the  western  base  of 
the  Seminole  Hills  with  a  partiversal  dip.  From  indications  elsewhere 
obtained  we  find  that  a  short  distance  farther  west  they  take  part  in  an 
anticlinal  upheaval.  In  order  to  make  clear  the  stratigraphical  condi- 
tions within  Whiskey  Gap.  I  have  prepared  a  section  cutting  across  it 
from  east  to  west  and  one  from  north  to  south. 

Section  XIII  commences  at  its  eastern  end,  near  the  summit  of  the 
Seminole  Hills,  and  extends  across  the  gap  to  the  eastern  termination  of 
the  Sweetwater  Hills.  Beginning  with  the  Palieozoic  series,  we  find  that 
tbo  various  formations  along  this  line  show  a  westerly  dip.  Resting 
upon  metamorphic  granite  (a)  we  have  the  Silurian  beds  (6),  which,  in 
turn,  are  covered  by  Subcarboniferous  (c).  Above  this  occur  the  mas- 
sive blue  limestones  (</),  which,  farther  east  occupy  the  highest  portions 
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of  the  hills ;  they  are  succeeded  by  Permian  (e)  and  Triassic  strata  (/). 
Jurassic  beds  (g)  form  a  prominent,  sharp  ridge  directly  underlying  the 
Dakota  Group  (h).    This  latter  dips  at  an  angle  of  very  nearly  45°. 
Yellow  and  white  sandstones,  gray  and  brown  shales,  and  beds  of  argil- 
laceous sandstone  compose  the  series  at  this  locality.    Its  thickness  is 
about  700  feet.    Overlying  the  Dakota  we  find  Colorado  shales  (i),  form- 
ing low  bhiffe  which  trend  parallel  to  the  others.    Fox  Hills  (k)  is  the 
youngest  group  cut  by  this  section.    We  observe  that  a  short  synclinal 
fold  is  very  apparent  here,  followed  immediately  by  an  anticlinal  (e). 
From  subsequent  examinations  we  found  that  at  this  point  we  have  the 
northern  termination  of  a  great  anticlinal  fold  running  north  and  south 
and  ending  near  Itawlings  Springs.    In  Chapter  IV  this  will  be  more 
fully  discussed.    On  the  western  side  of  the  anticlinal  the  Fox  Hills  beds 
again  dip  eastward  and  disappear  under  a  large  mass  of  drift  (m),  which 
covers  the  end  of  the  Sweetwater  Hills.    Exactly  in  what  relation  the 
sedimeutary  beds  stand  to  the  granite  (?)  of  these  hills  could  not  be  de- 
termined, as  none  of  the  exposures  afforded  any  evidence  upon  this  point. 
In  the  section  I  have  indicated  the  various  groups  as  following  in  a  di- 
minishing ratio  the  flexures  observed  on  the  Surface.    Farther  south 
'we  have  evidence  which  justifies  the  representation  of  such  an  arrange- 
ment.   Their  terminations  to  the  westward  are  necessarily  left  doubtful. 
Section  XIV  runs  at  approximately  right  angles  to  the  preceding  one 
within  the  gap.    At  its  southern  end  we  see  the  last  slope  of  the  anti- 
clinal (C),  after  which  the  strata  resume  a  southerly  dip.    Going  north- 
ward wo  cross  one  formation  after  .the  other  in  regular  succession.    The 
first  prominent  ridge  is  formed  by  Jurassic  beds  (g),  and  the  second  by 
Carboniferous  limestone  (d).    North  of  the  latter  the  Silurian  quartzites 
appear  in  a  narrow  band.    No  granite  reaches  the  surface  along  the  line 
of  this  section.    As  it  appears,  however,  a  few  miles  farther  east,  it  is 
introduced  in  the  section  (a)  as  covered  partly  by  the  quartzites  (b)  and 
partly  by  the  Tertiary  Sweetwater  beds  (S). 

On  first  sight  the  arrangement  of  strata  in  the  immediate  vicinity  of 
Whiskey  Gap  is  very  puzzling,  but  as  soon  as  the  existence  of  the  anti- 
clinal fold  (C)  is  recognized  the  entire  system  becomes  very  clear. 

Colorado  Group. 

Bat  two  localities  are  to  be  recorded  where  shales  of  the  Colorado 
Croup  appear  within  the  region.  The  first  is  near  Elkhorn  Gap,  the 
second  in  Whiskey  Gap.  At  the  latter  place  the  shales  are  dark  gray. 
finely  laminated,  and  contain  numerous  fragments  of  Inoceramw  and 
Qttrea.  Their  thickness  is  about  C50  to  700  feet.  Within  the  gap  they 
mostly  occupy  depressions,  running  parallel  to  the  strike  of  the  strata. 
From  Sections  XIII  and  XIV,  their  position,  as  compared  to  that  of 
other  groups,  may  be  seen.  In  the  structure  of  the  anticlinal  (C)  they 
are  of  considerable  importance,  and  will  be  treated  of  at  greater  length 
hi  the  succeeding  chapter. 

Fox  Hills  Qroup. 

The  only  point  where  these  were  observed  is  in  Wliiskey  Gap.  Form- 
ing sharp,  low  ridges,  they  participate  in  the  stratigraphical  disturbances 
there  occurring.  Owing  to  the  numerous  changes  of  position  to  which 
they  were  subjected,  it  is  rather  difficult  to  estimate  their  total  thickness; 
It  is  near  1,000  feet,  and  seems  to  increase  toward  the  south. 
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CEKOZOIC  FORMATIONS. 

TEBTIAEY. 

On  the  southern  drainage  of  the  Sweetwater  we  find  a  number  of 
Tertiary  groups.  They  shall  not  be  considered  in  this  chapter,  however, 
as  they  form  but  a  portion  of  a  very  extended  series.  To  this  will  be 
devoted  the  greater  part  of  the  fourth  chapter.  For  this  reason  I  shall 
not  attempt  a  discussion  of  any  of  these  groups  here,  as  it  would  neces- 
sarily be  but  fragmentary.  Two  groups,  however,  occupy  very  extensive 
areas  in  this  region — the  Sweetwater  Group  and  some  younger  beds — 
which  will  be  fully  treated  of.  Although  interesting  to  the  palaeontolo- 
gist, and  in  some  of  its  features  to  the  geologist,  this  series  nevertheless 
is  a  great  aggravation.  Its  great  horizontal  extent  obscures  many  re- 
gions of  the  utmost  interest  as  regards  stratigraphy,  consequently  a  large 
portion  of  the  structure  of  the  country  adjoining  the  Sweetwater  can  be 
established  merely  by  insufficient  data.  Fortunately,  the  Tertiary  beds 
have  been  removed  at  some  points,  and  these  afford  information  without 
which  the  correlations  of  older  formations  would  remain  very  obscure. 

SWEETWATEB  GBOUP. 

A  very  striking  aspect  is  presented  in  the  vicinity  of  the  Sweetwater  by 
the  enormous  deposits  of  clays,  sands,  marls,  and  conglomerates.  Fremont 
in  passing  through  that  region  noticed  them  and  comments  upon  them. 
Dr.  Hayden  visited  this  region  in  1870,  and  describes  the  Sweetwater 
Group  as  "  brown,  indurated  sands"  5  *  *  *  "  among  them  are  impure 
seams  of  lignite  or  carbonaceous  clay,  with  layers  of  coarse  sandstone  or 
an  aggregate  of  particles  of  quartz."  Evidently  that  section  of  country 
running  parallel  with  the  river  was  at  one  time  the  object  of  very  exten- 
sive erosion.  Into  the  basin  formed  thereby  a  series  of  Tertiary  beds 
was  deposited.  Subsequent  removal  along  nearly  the  same  line  afforded 
an  op]K>rtunity  for  still  younger  beds  to  be  deposited.  Finally,  or  rather 
during  the  latter  process  of  sedimentation  ?  large  masses  of  irregular  drift 
wen;  scattered  all  along  the  borders  of  this  second  lake.  Kear  the  Wind 
River  Mountains  this  is  of  such  a  character  that  it  can  scarcely  have 
been  deposited  in  any  other  manner  than  by  the  action  of  moving  ice. 

On  the  northern  edge  of  the  Sweetwater  Plateau  we  have  occasion  to 
observe  the  best  outcrops  of  the  Sweetwater  Group.  Overlying  the 
beds  which  I  have  described  as  Wasatch  wo  find  an  extensive  series  of 
brown,  yellow,  and  white  arenaceous  marls  and  clays.  Some  sandstones, 
though  not  showing  clearly  defined  stratification,  complete  the  series. 
Higher  up,  towanl  the  summit  of  the  plateau  edge,  the  sands  and  some 
conglomerates  of  yellow  color  become  prevalent.  On  this  side  the 
loosely  cemented  material  is  very  easily  eroded,  and  forms  steep,  deeply 
furrowed  slopes.  All  along  the  northern  edge  of  the  plateau  the  same 
beds  can  be  traced,  dipping  very  gently  toward  the  east.  This  inclina- 
tion is  so  small  that  it  is  not  perceptible  unless  a  large  face  be  exposed. 
We  find  on  the  same  line  the  contact  of  the  Sweetwater  Gixnip  with 
the  older  sedimentary  groups,  and  observe  the  two  to  be  unconformable. 
Reaching  the  Wasatch,  which  is  the  youngest  Tertiary  deposit  I  recog- 
nized on  the  Wind  River  drainage,  we  find  that  this  shows  a  steady  dip 
of  about  2°  to  the  northeastward.  Noticing  other  formations,  older,  we  find 
that  this  dip  is  due  to  the  same  influences  which  caused  the  elevation  of 
the  Wind  River  Range  and  the  subsequent  formation  of  the  Sheep  Mount- 
ain anticlinal.    The  angle  of  unconformability  between  the  Wasatch 
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and  the  Sweetwater  beds  is  not  over  3C  to  1°,  but  it  can  distinctly  be 
recognized. 

While  the  northern  termination  of  the  group  is  thus  clearly  defined, 
the  southern  is  subject  to  greater  variations.    We  meet  with  the  most 
westerly  outcrops  directly  south  of  the  area  of  metalliferous  schists.    A 
high  hill,  Yellow  Butte,  upon  which  our  station  21  was  located,  forms  a 
prominent  landmark  of   that  region.     Its  base  is  composed  of  older 
Tertiary  groups,  but  the  upi>cr  jwrtions  on  the  northern  slope  show  the 
indurated  clays  and  arenaceous  marls  that  are  typical  of  the  Sweetwater 
Group.    I  regard  this  as  the  first  appearance  of  the  group  toward  the 
southwest*    Going  toward  the  eastward  from  that  point-  we  find  a  series 
of  hills  formed  by  it,  south  and  southwest  of  Saint  Mary's  Ranch.    East 
of  the  station  the  high  hills  south  of  the  river,  which  here  take  the 
name  of  Sweetwater  Hills,  are  composed  of  strata  belonging  to  the 
same  group.    In  this  region  it  overlies  carboniferous  limestones.    The 
strata,  so  far  as  they  can  be  distinguished,  are  very  nearly  horizon- 
tal.  As  we  approach  that  portion  of  the  Sweetwater  Ilills  which  is  com- 
posed mainly  of  granite,  we  find  the  beds  of  this  group  confining  them- 
selves mainly  to  the  northern  side.  Near  the  outcrop  of  older  sedimentary 
strata  some  prominent  bluffs  are  still  formed  by  it,  but  they  soon  dis- 
appear from  the  south  side.    In  Elkhorn  Gap  the  central  butte,  which 
has  beeu  mentioned  in  previous  pages,  is  formed  by  strata  belonging 
to  the  same  series.     They  lie  perfectly  horizontally,  and  are  eroded 
into  various  picturesque  forms.    All  along  the  northern  slope  of  the 
hills  the  outcrops  of  the  Sweetwater  Group  are  obscured  by  extensive 
accumulations  of  loose  drift.    North  of  the  Seminole  Hills  the  strata 
appear  again  in  some  high  bluffs  west  of  Sandy  Creek,  and  then  pass 
out  of  our  district. 

Erosion  has  wrought  very  great  changes  in  the  distribution  as  well  as 
in  the  vertical  dimensions  of  this  group.  Perhaps  the  best  exposures 
illustrating  the  latter  may  be  obtained  along  the  northern  edge  of  the 
Sweetwater  Plateau.  From  what  was  seen  there,  i  should  place  the 
thickness  of  the  series  at  1,200  to  1,400  teet.  No  locality  shows  more 
completely  the  stui>endous  effects  of  erosion  than  this  one.  There  is  but 
little  doubt  that  the  beds  composing  the  group  at  one  time  extended 
far  lieyond  their  present  limits,  but  they  have  been  removed  and  uti- 
lized in  making  up  younger  deposits.  At  the  present  time,  therefore,  we 
find  exposed  the  older  sedimentary  formations  from  the  Wasatch  down- 
ward. As  seen  from  a  distance,  I  suspect  the  existence  of  some  Green 
Bivcx  strata  in  the  extreme  northeastern  portion  of  our  district.  As  our 
work  did  not  carry  us  into  this  region,  however,  owing  to  a  lack  of  time, 
1  cannot  be  positive  on  this  subject.  To  the  southward  we  find  the  Sweet- 
water Group  overlying  various  groups,  beginning  with  the  Green  River 
group  ami  descending  from  that  in  the  geological  scale. 

Along  the  northern  i>ortion  of  the  plateau  a  slight  southerly  dip  of  the 
strata  can  be  observed,  varying  from  2°  to  4°.  Dr.  Ilaydeu  noticed  this 
feature  in  1870,  and  regards  it  as  due  to  the  "last  movements  subse- 
quent to  their  deiwsition."  This  occurrence  will  be  further  discussed 
below.  Approaching  toward  the  Sweetwater  River  from  either  north 
or  south,  we  observe  that  the  Pliocene  beds  entirely  cover  the  Sweet- 
*ater  Group.  It  is  exposed  only  in  some  of  the  deeper  gulches  at 
localities  from  which  it  had  not  been  removed  by  previous  erosion.  Dr. 
*%dcu  thus  graphically  describes  the  geological  history  of  this  valley  :# 

''All  the  unchanged  formations,  from  the  lignite  Tertiary  down  to  the  massive  feld- 
8Wuc  granite*,  have  been  worn  away,  leaving  the  granites  mattered  over  the  valley 

#  Bep.  U.  a  GeoL  Surv.,  1870,  p.  29. 
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in  the  isolated  ridges.  At  that  time  there  was  a  freah-water  lake  which  occupied  the 
entire  valley,  much  as  Salt  Lake  onee  occupied  the  great  hasin,  concealing  most  of  tlio 
granite  ridge*,  while  others  rose  above  the  water  like  islands.  Then  was  deposited 
what  might  bo  called  the  Sweetwater  Group,  or  perhaps  a  series  of  beds  identical 
with  the  upper  portion  of  the  Wind  River  deposits.  These  were  scooped  out  again  in 
time,  and  the  Pliocene  marls  and  sands  were  deposited ;  and  then  again  there  was 
another  scooping  out  of  the  valley,  and  Anally  a  covering  the  hills  with  drift." 

As  regards  the  geological  position  of  this  local  deposit,  there  may 
appear  to  be  some  doubt.  From  what  I  have  seen  of  it,  I  consider  it 
younger  than  the  Green  River  Group.  This  agrees  with  the  views  held 
by  Dr.  Hayden,  Cope,  and  Comstock.  At  this  place  no  more  shall  l)e 
said  on  the  subject,  because  the  relative  positions  of  Tertiary  groups  will 
be  more  fully  discussed  in  Chapter  IV. 

Pliocene. 

Filling  the  excavation  produced  by  the  second  period  of  erosion  of  the 
Sweetwater  beds  we  find  an  extensive  series  of  Pliocene  deposits.  Their 
greatest  development  was  observed  near  the  eastern  termination  of  our 
district,  decreasing  as  wre  proceed  to  the  westward.  Near  the  base  of 
this  Pliocene  deposit  we  find  a  very  loosely  aggregated  sandstone,  almost 
partaking  of  the  character  of  a  conglomerate.  It  is  light  gray  and  yel- 
lowish, easily  decomposing.  Locally  a  few  thin  strata  of  yellow  or  gray 
more  compact  sandstone  may  be  observed.  Above  this  follows  a  succes- 
sion of  light  marls  and  indurated  clays.  Usually  these  are  either  very 
light  yellow  or  white,  but  pink  and  greenish  beds  are  not  wanting. 
Toward  the  eastern  termination  of  the  group  the  strata  become  highly 
siliceous.  Thoroughly  permeated  by  silica,  the  clays  become  very  hard 
and  brittle*  The  former  occurs  also  in  the  shape  of  narrow  veins,  con- 
cretions, and  even  strata.  Chalcedony  and  flint  are  the  two  main  vari- 
eties. Xear  the  northern  edge  of  the  Sweetwater  Plateau  we  i>erceive 
isolated,  table-shaped  bluffs  rising  above  the  general  level.  They  are 
of  dazzling  white  color,  and  are  composed  of  soft,  partly  arenaceous 
marls.  From  this  edge  very  even  ridges  slope  gently  down  toward  the 
Sweetwater.  On  the  south  side  the  same  feature  may  be  observed. 
Starting  from  the  Sweetwater  and  Seminole  Hills  the  ridges  trend  north 
and  south j  are  very  regular  in  form,  and  are  composed  of  very  nearly 
horizontal  strata.  Between  Sandy  Creek  and  the  Sweetwater  we  find 
the  Pliocene  Group  cut  into  sharp,  prominent  forms,  due  in  part  to  the 
large  amount  of  silica  it  contains.  This  produces  angular  forms  upon 
weathering,  while  the  soft  maris  and  sands  show  gently-rounded  slojws. 
Near  the  northern  slope  of  the  hills  extensive  deposits  of  loose  drift 
cover  the  strata,  totally  obscuring  all  junction-lines. 

For  a  considerable  distance  the  Pliocene  beds  form  the  northern  rim 
of  the  plateau,  until  they  are  crowded  from  this  position  by  the  remain- 
ing portions  of  the  Sweetwater  Group  toward  the  west.  Along  a  north 
and  south  line  drawn  about  four  or  five  miles  east  of  Saint  Mary's  Sta- 
tion we  may  regard  their  western  limits  as  being  located.  Within  the 
granitic  area  south  of  the  river  we  find  them  directly  superimposed  in 
snow-white  masses  upon  the  Carboniferous  limestones.  From  there 
eastward  they  are  confined  within  the  Sweetwater  Valley.  Their  hori- 
zontal distribution  is  entirely  dependent  upon  the  area  of  erosion  within 
the  Sweetwater  Group.  Along  the  slope  of  the  plateau  the  Pliocene 
strata  participate  in  the  slight  southerly  dip  which  has  been  recorded  as 
existing  in  tin*  Sweetwater  Group.    It  amounts  from  1°  to  4P. 

in  some  of  the  upper  beds  of  this  series  Dr.  Ilayden  has  found  some 
very  interesting  mammalian  remains,  which  place  them  on  a  parallel 
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with  the  Niobrara  Group.  We  discovered  several  localities  where  such 
fossils  were  found,  but  they  were  too  much  weathered  to  be  recognizable. 
It  appears  that  at  some  places  the  bones  are  impregnated  with  silica, 
which  renders  their  preservation  almost  a  matter  of  course.  Wherever 
this  is  not  the  case,  however^  good  specimens  can  only  be  obtained  by 
excavating.  The  identification  of  the  fossils  obtained  is  such  as  to  leave 
no  room  for  doubt  as  to  the  position  of  these  beds. 

An  interesting  feature  in  connection  with  this  series  was*  observed 
near  Agate  Lakes,  directly  north  of  the  Sweetwater.     Innumerable 
moss-agates  are  strewn  all  over  the  surface.    Some  of  them  are  very  line 
and  cut  admirably.    So  far  as  we  could  observe,  all  of  them  are  water- 
worn,  occurring  in  the  form  of  small  pebbles.    The  area  upon  which  these 
agates  may  be  found  measures  about  G  square  miles.    We  endeavored 
to  find  the  original  locality  from  which  they  came,  but  failed  to  do  this 
to  our  satisfaction.    At  some  places  we  observed  narrow,  irregular 
seams  of  quartz  or  milky  opal  running  parallel  with  the  strata  of  white 
marls.    These  contain  dendritic  inclusions  of  manganese,  forming  moss- 
agates.    In  no  instance,  however,  was  the  mineralogical  character  of  the 
quartz  perfectly  identical  with  that  observed  in  the  pebbles.    Northeast 
of  tbe  locality  at  which  we  collected  the  agates  we  found  a  number  of  beds 
Tery  highly  siliceous,  which  showed  similar  forms  in  the  quartz.    They 
extended  for  a  considerable  distance.    I  am  of  the  opinion  that  the  nu- 
merous agates  strewn  over  the  ground  were  deiived  from  the  western 
continuation  of  the  higher  portions  of  these  beds?  which  are  entirely 
removed.    The  quartz  which  appears  so  plentifully  in  this  region  must 
have  been  held  in  solution,  judging  from  the  character  of  its  distribution.. 
Percolating  through  the  loose  marls  and  sands,  the  siliceous  solution, 
deposited  quartz  in  narrow  seams  and  in  layers  parallel  to  the  stratifica- 
tion. Most  likely  this  occurred  while  the  silica  was 'in  a  hydrous  con- 
dition.  It  is  an  accepted  fact  that  the  "moss"  in  agates  is  but  the  result 
of  impeded  crystallization.    Within  this  gelatinous  quartz,  then,  this 
incomplete  process  may  have  gone  on  until  eventually  the  iuclosiug 
material  became  rigid.    During  our  examinations  of  this  region  we  saw 
such  enormous  quantities  of  such  material  that  the  sum  of  our  observa- 
tions suggested  this  method  of  genesis. 

It  is  evident  that  the  thickness  of  a  group  deposited  in  such  a  manner 
as  this  Pliocene  series  must  vary  considerably.  The  best  exposures  were 
obtained  low  down  on  the  Sweetwater  and  along  the  northern  edge  of* 
the  plateau.  From  what  was  seen  at  these  localities,  I  estimate  the 
inaxiumm  thickness  of  the  Pliocene  strata  at  700  to  000  feet.  Toward. 
the  west  they  grow  thinner,  until  finally  they  pinch  out  altogether. 

Wyoming  conglomerate. 

This  term  has  been  used  by  Emmons  and  Hague  to  designate  the  wide- 
spread  conglonieritic  accumulations  of  drift  which  may  be  assigned  to- 
"^  Pliocene  period.    It  is  entirely  structureless,  and  composed  of  the 
B^  varying  material.    Essentially  it  may  be  regarded  as  the  product 
of  aU  formations  existing  within  a  given  area.    During  the  last  era  of 
extensile  inundations  it  was  deposited  at  the  most  convenient  localities. 
^0lJg  the  entire  northern  slope  of  the  Sweetwater  and  Seminole  Hills 
?®  find  enormous  deposits  of  this  material.    No  structure  whatever  can 
~f  observed  there,  and  the  whole  mass  forms  merely  a  huge  cover  of 
X^c  bowlders.    Their  size  varies  somewhat,  but  does  not  reach  any 
~?j*jderable  dimensions.    We  find  the  narrow  gullies  running  down  from 
^hillsides  cut  into  this  conglomerate,  and  the  tops  of  the  ridges  are 
8gs 
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covered  by  it  for  some  distance.  Its  presence  is  so  marked  a  feature  in 
this  region  that  it  cannot  be  overlooked.  With  regard  to  its  age,  I  con- 
sider the  period  of  deposition  as  synchronous  with  that  of  the  younger 
portions  of  the  Pliocene  marls  and  shales.  It  is  found  near  the  edges  of 
the  ancient  lake,  and  was  probably  carried  there  by  the  waters  draining 
into  the  former.  It  must  not  be  mistaken  for  the  glacial  drift  which 
occurs  in  the  same  region.  The  relative  positions  alone  of  these  two 
deposits  will  easily  determine-  their  character. 

ERUPTIVES. 

No  eruptives  whatever  are  found  in  the  area  of  which  this  chapter 
treats,  except  those  basaltic  dikes  which  are  inclosed  by  Prozoic  granites. 
Their  general  strike  is  northeast  and  southwest.  In  width  they  vary 
from  a  few  feet  to  several  hundred.  This  occurrence,  both  in  the  Granite 
Hills  and  in  the  granitic  outcrops  west  of  the  Sweetwater  Hills,  presents 
an  instance  of  very  old  eruptives.  Carboniferous  and  younger  strata 
were  observed  in  direct  contact  with  the  granites  as  well  as  with  the  dikes, 
but  in  no  instance  did  the  latter  penetrate  farther  than  the  granites.  In 
Scotland  a  number  of  basaltic  outcrops  occur  which'  are  regarded  as  be- 
ing of  Carboniferous  ago.  Here  we  have  an  instance.,  however,  of  still 
greater  age.  From  a  distance  the  dikes  appear  as  prominent  black  bands, 
generally  closely  conforming  with  the  surface  of  the  granites,  but  some- 
times rising  above  it  as  the  a<yoining  rocks  have  been  removed  by  ero- 
sion and  disintegration. 

POST-TERTIARY  EROSION. 

Since  the  cessation  of  stratified  deposition  a  large  amount  of  erosion 
has  shaped  the  present  form  of  the  Sweetwater  region.  Toward  the 
north  great  masses  of  material  have  been  carried  off  in  a  northeasterly 
direction,  leaving  the  steep  wall  of  the  Sweetwater  Plateau.  The  cen- 
tral portion  of  the  Tertiary  groups  has  largely  been  cut  away  in  a 
direction  of  west  to  east.  This  has  produced  the  "  trough n  in  which 
we  now  find  the  river.  From  the  southward  slope  of  the  plateau-beds, 
at  least  several  hundred  feet  in  thickness  have  been  removed  from  over  a 
considerable  area.  Isolated,  table-topped  buttes,  horizontally  stratified, 
indicate  the  former  vertical  extent  of  the  Plioceue  beds.  Gulches, 
ravines,  and  valleys  have  been  carved  into  the  easily-eroded  material, 
and  large  portions  of  this  have  been  transported  eastward.  At  a  rough 
estimate,  we  may  say  that  fully  one-fourth  of  the  Pliocene  beds  north  of 
the  river  has  been  carried  away.  Toward  the  south  we  notice  exten- 
sive erosion  also.  It  is  most  prominent  near  the  western  termination  of  the 
Tertiary  groups.  Hundreds  of  feet  in  thickness  have  here  been  cut  away, 
until  the  active  waters  found  some  stratum  which  arrested  their  work  of 
destruction.  Long,  narrow  ridges  are  produced  by  a  former  system  of 
ample  parallel  drainage.  Deep  gulches,  now  dry,  then  contained  rush- 
ing streams  of  water.  From  the  condition  in  which  we  find  many  of 
these  ancient  water-courses,  we  may  infer  that  the  influx  of  large  streams 
ceased  within  a  comparatively  short  space  of  time  after  the  period  at 
which  they  had  attained  their  maximum  proportions.  The  old  beds  show 
a  steep  fall  and  but  little  accumulation  of  drift.  Both  of  these  charac- 
teristics would  be  reversed  had  the  quantities  of  water  diminished  at  a 
very  slow  ratio. 

From  the  slopes  of  the  Sweetwater  and  Seminole  Hills,  as  well  as 
from  that  of  the  plateau,  large  quantities  of  drift  were  carried  toward 
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the  river.  We  observe  in  consequence,  firstly,  a  widening  of  the  imme- 
diate river  bottom,  and,  secondly,  an  accumulation  of  fine  drift  near 
it.  Wherever  the  Sweetwater  passes  through  some  narrow  gap  in  the 
lower  half  of  its  course,  we  generally  notice  a  decided  widening  of  the 
bottbm  land  immediately  above  the  more  restricted  passage.  Tliis  is 
due  to  the  accumulation  of  drift,  which  tended  to  equalize  the  level  at  such 
points.  At  the  localities  where  this  occurs  we  will  see  that  the  river 
follows  a  serpentine  course. 

ANCIENT  GLACIERS. 

Between  Elkhorn  and  Whiskey  Gaps,  on  the  northern  slope  of  the  hills, 
the  most  striking  remains  of  old  glaciers  were  found.  Directly  east 
of  the  first-named  depression  we  find  extensive  deposits  of  drift  about 
half-way  up  the  hills.  They  do  not  extend  far  down,  however.  A  little 
farther  east,  on  a  creek  which  we  named  Glacier  Creek,  there  are  exten- 
sive moraines.  Starting  near  the  summit  of  the  granitic  hills,  the  glacier 
moved  down  a  narrow  valley  toward  the  north,  receiving  additional 
masses  of  ice  from  branches  on  either  side.  Spreading  in  an  oval  valley 
between  the  outcropping  sedimentary  beds  and  the  metamorphics,  the 
glacier  covered  an  area  of  about  two  square  miles.  Finding  its  way 
through  a  narrow  gap,  the  ice  moved  down  in  the  valley  of  Glacier 
Creek,  depositing  very  finely  developed  lateral  moraines.  These  are 
arranged  in  several  parallel  rows,  showing  that  a  number  of  small  gla- 
ciers must  have  passed  down  the  valley.  In  height  they  amount  to  about 
30  feet  here.  Lower  down  on  the  creek  they  become  higher,  until  finally 
a  huge  mass  of  bowlders  and  drift  announces  the  termination  of  the 
glacier.  All  the  slopes  and  ridges  of  this  immediate  vicinity  are  cov- 
ered with  glacial  drift.  It  is  here  usually  distributed  without  any  order 
of  arrangement,  but  in  the  valleys  the  moraines  are  well  developed. 
For  a  considerable  distance  eastward  we  find  a  continuation  of  the 
same  occurrences.  So  far  as  we  could  determine4,  the  moraines  do  not 
extend  beyond  the  immediate  base  of  the  hills,  but  wide,  grassy  valleys 
indicate  the  action  of  the  waters  formerly  flowing  off  from  the  glaciers. 
These  latter  deposited  a  large  amount  of  silt  and  soil,  which  now  form 
the  meadow  grounds. 

At  the  northeastern  end  of  the  Sweetwater  Hills  we  find  a  large  de- 
posit of  drift  bowlders  that  has  every  appearance  of  morainal  character. 
It  is  placed  along  the  upper  granitic  slope  and  on  benches  formed  by 
sedimentary  strata.  All  the  beds  underlying  this  drift  are  entirely  ob- 
scured, a  feature  which  is  indicated  in  Section  XIII.  Metamorphic 
bowlders  mainly,  and  some  composed  of  unchanged  sedimentary  material, 
form  these  moraines.  It  seems  probable  that  the  highest  northern  slope 
of  this  portion  of  the  Sweetwater  Hills  was  at  one  time  covered,  to  a 
greater  or  less  extent,  by  ice.  Now  it  is  densely  timbered,  and  but  few 
outcrops  of  rocks  in  titu  can  be  found.  Wherever  these  are  seen  they 
are  smooth  and  rounded.  From  the  higher  elevation  the  ice  moved 
down  along  the  northern  slope,  filling  a  number  of  narrow  gulches  and 
finally  collecting  in  a  large  field  on  Glacier  Creek. 

DRIFT. 

From  what  has  been  said  in  previous  pages,  it  is  evident  that  a  large 
amount  of  drift  must  occur  in  the  Sweetwater  region.  Besides  the 
Wyoming  conglomerate  and  the  glacial  deposits,  we  find  that  class  of 
transported  erratic  material  known  as  river  drift.  It  occurs  along  the 
river  and  is  scattered  in  greater  or  less  profusion  over  the  adjacent  bluffs. 
Composed  mainly  of  metamorphic  material,  a  large  portion  of  it  has  been 
brought  from  the  region  directly  at  the  end  of  the  Wind  Biver  Mount- 
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ains.  A  secondary  class  of  drift,  removed  by  fluviatile  action,  is  found 
in  the  accumulations  of  sand  in  the  immediate  vicinity  of  the  river  and 
in  its  bed.  When  found  in  the  latter  position  it  appears  frequently  as 
quicksand,  rendering  the  foming  of  the  stream  a  rather  risky  under- 
taking at  some  places,.  * 

SOIL. 

Owing  to  the  character  of  the  strata  near  the  river,  the  majority  of 
drift  material  in  its  valley,  as  well  as  in  those  of  its  tributaries,  is  found 
in  the  form  of  soil.  All  along  the  Sweetwater  we  find  widening  portions 
of  the  valley  which  are  covered  with  good  soil.  A  similar  state  of  affairs 
may  be  observed  in  all  the  broad  valleys  of  the  Lower  Sweetwater  drain- 
age. Along  the  southward  slope  of  the  plateau  soil  covers  the  strata 
and  sustains  a  thriving  crop  of  sage-brush.  Professor  Comstock  has 
furnished  some  interesting  data  in  his  report*  upon  the  "  conservative 
action"  of  sagebrush  in  loose  soil.  For  more  detailed  information  upon 
the  character  and  probable  productiveness  of  the  soil  within  the  Sweet- 
water region  I  would  refer  to  the  report  Of  Prof.  Cyrus  Thomas,  con- 
tained in  the  report  of  the  United  States  Geological  Survey  of  Dr.  Hay- 
den,  1870.  He  has  made  the  agricultural  resources  of  the  West  a  special 
study  for  a  number  of  years  and  is  qualified  to  discuss  questions  of  this 
nature  that  may  at  some  day  prove  to  be  of  considerable  importance. 

SAND  DUNES. 

On  several  places  along  the  Sweetwater  we  observe  accumulations  of 
loose  sand  that  owed  their  present  position  to  the  transporting  action  of 
wind.  They  are  particularly  noticeable  in  the  vicinity  of  Whiskey  Gap. 
Through  the  disintegration  of  the  arenaceous  marls  and  loosely-cemented 
sandstones  of  the  region,  large  quantities  of  free  sand  are  scattered  over 
the  bluffs  and  ridges.  Westerly  winds,  which  prevail  in  this  section  of 
country,  drive  the  sand  before  them,  until  it  reaches  some  permanent 
obstacle,  and  is  arrested  thereby  in  its  progress.  Thus  we  find  deep 
banks  of  sand  several  hundred  feet  long  piled  up  against  small  granitic 
outcrops,  which  have  proved  to  be  obstacles  in  their  eastward  course. 
In  size  they  cannot  be  compared  with  the  sand  dunes  farther  south,  but 
they  are  due  to  the  same  causes,  and  show  the  same  detail  features  which 
there  are  exhibited  on  a  much  grander  scale.  Sandy  Creek  Pass  leads 
over  a  series  of  sand  dunes,  wliich  form  the  eastern  termination  of  the 
extensive  succession  of  such  deposits  in  the  southern  area.  As  this  will 
be  considered  fully  in  Chapter  IV,  this  allusion  may  suffice.  Wherever 
large  masses  of  arenaceous  rocks  disintegrate,  we  find  local  accumula- 
tions of  sand  partaking  somewhat  of  the  character  of  dunes. 

KESUME  OP  THE  SWEETWATEE  EEGION. 

Within  the  area  to  which  the  third  chapter  is  devoted  we  observe  a 
number  of  features  of  great  interest.  One  of  the  most  prominent  is  that 
of  the  prozoic  range.  Beginning  near  the  southern  end  of  the  Wind 
River  Range,  this  chain  of  hills  extends  for  more  than  eighty  miles,  sus- 
taining, substantially,  but  two  breaks.  While  the  older  or  metalliferous 
schists  disappear  from  view,  we  find  the  younger  metamorphic  rocks  oc- 
cupying a  prominent  position.  A  very  large  proportion  of  these  latter 
undoubtedly  retain  their  normal  position,  but  a  part  of  them  has  been  sub- 
jected to  the  influence  of  dynamic  forces,  and  has  totally  chauged  its  rela- 
tions to  older  groups.    Taking  the  prozoic  range  as  a  base,  we  find  that  it  is 

*  Report  Reconnaissance  of  Northwestern  Wyoming,  Captain  Jones,  1873.  Wash- 
ington, ltJ74,  p.  171. 
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crossed  in  the  region  of  its  lowest  depression  by  a  chain  of  metamorphic 
origin.  This  chain,  so  far  as  the  evidence  collected  permits  us  to  speak, 
is  the  direct  result  of  an  extensive  upheaval  along  a  curved  line  trend- 
ing from  north  to  south,  southeast,  and  east.  It  seems  surprising  at 
first  that  neither  the  older  schists  nor  the  prozoic  granites  are  brought 
to  the  surface  by  this  extensive  action.  We  miffet  take  into  considera- 
tion, however,  the  thickness  of  the  youngest  inetamorphic  series,  as  ex- 
hibited farther  northwest,  and  it  will  be  apparent  that,  unless  consider- 
able variations  of  the  vertical  dimensions  occurred  within  a  compara- 
tively short  distance,  the  older  series  must  remain  hidden.  Upon  recog- 
nizing the  structure  of  the  hills  formed  by  this  southeasterly  outcrop  of 
metamorphics,  we  find  in  them  a  stratigraphical  arrangement  analogous 
to  that  of  the  Wind  River  Range.  Ilcre,  as  there,  we  have  a  predomi- 
nance of  the  one  side  of  tJ*e  anticlinal  fold.  In  other  words,  the  axis  of 
upheaval  does  not  stand  vertical.  This  fact  is  shown  not  only  by  the 
non-appearance  of  the  repetition  of  strata  on  its  opposite  side,  but  is  in- 
dicated by  the  shape  of  the  area  of  the  metamorphics.  Esseutially  this 
forms  a  wedge,  showing  that  the  force  applied  was  not  an  equal  one  at 
all  points.  Were  it  so,  then  the  outcrop  would  essentially  represent  a 
symmetrical  figure. 

A  second  disturbance  of  metamorphic  rocks  is  due  to  the  more  easterly 
anticlinal  upheaval.  In  this  instance  the  prozoic  granites  appeal*  to 
have  been  affected  somewhat  thereby.  Along  a  definite  hue — one  coin- 
ciding with  the  longitudinal  axis  of  the  fold,  we  observe  an  exposure  of 
metamorphic  beds  wliich  have  undoubtedly  been  raised  from  their  nor- 
mal position  by  some  locally-acting  cause.  This  fold  again  may  be 
traced  farther  to  the  southeast,  forming  a  curve  nearly  parallel  with  the 
first  one.  Where  appearing  in  an  unmistakable  manner  at  the  surface, 
we  find  it  to  be  analogous  in  direction,  form,  and  results  with  the  former. 
Reconstructing,  then,  a  surface-picture  of  the  region  of  the  Sweetwater 
prior  to  the  invasion  by  Tertiary  waters,  we  obtain  a  residt  totally  differ- 
ing from  that  presented  to-day.  Iustejwl  of  a  general  slope  to  the  east- 
ward we  find  that  the  region  now  occupied  by  the  valley  was  cut  by  two 
ridges  trending  obliquely  across  it.  Of  these  the  western  one  was  the 
higher.  For  some  distance  near  the  line  now  occupied  by  the  river 
existed  the  divide  from  which  the  drainage  flowed  to  the  northwest  and 
south.  Farther  downstream  this  line  shifted  toward  the  southeast  and 
the  drainage  was  mainly  to  the  north.  Bare  and  rugged,  as  to-day,  the 
Granite  Hills  rose  high  above  the  surrounding  country,  never,  probably, 
having  been  entirely  under  water.  This  distribution  of  drainage  ac- 
counts for  the  primary  erosion  we  find  both  to  the  north  and  south  of 
the  Sweetwater  region,  more  particularly  in  the  former  direction.  The 
dividing  line  was,  in  all  probability,  the  eastward  extension  of  the  axis 
along  which  the  Wind  River  Range  was  elevated.  Thus  prepared,  hav- 
ing much  of  the  sedimentary  material  removed  by  erosion,  the  successive 
valleys  were  ready  to  receive  the  influx  of  Tertiary  waters.  The  analogy 
of  the  deposits  with  those  found  on  Wind  River  indicate  that  a  former 
connection  between  the  two  may  have  existed.  They  furthermore  sub- 
stantiate the  conclusions  drawn  from  purely  stratigraphical  occurrences, 
that  the  main  drainage-connection  of  this  region  was  to  the  north  and 
northeast 

So  far  as  the  classification  of  the  metamorphics  is  concerned,  which 
here  enter  into  consideration,  we  may  refer  them  to  the  Huronian  system. 

With  regard  to  sedimentary  formations,  we  may  say  that  their  appear- 
ance, which  in  some  instances  seems  contradictory,  is  fully  explained 
by  the  movements  in  which  the  older  rocks  have  participated.    When 
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first  seen,  the  steady  southerly  dip  of  the  sedimentary  formations  of  the 
Sweetwater  and  Seminole  Hills  appears  to  be  at  total  variance  with  their 
anticlinal  structure.  On  account  of  the  superincumbency  of  Tertiary 
strata  the  granitic  outcrops  are  most  frequently  obscured  for  some  dis- 
tance, and  the  strata  seem  totally  out  of  place.  By  tracing  the  con- 
nection with  the  two  anticlinal  folds,  however,  the  necessity  of  such  an 
arrangement  as  exhibited  becomes  clear.  Although  I  do  not  doubt  that 
a  large  portion  of  the  sedimentary  beds  have  been  removed  froin  the 
region  now  occupied  by  the  Sweetwater  Group,  I  consider  it  highly  proba- 
ble that  considerable  masses  still  exist  at  some  depth,  which,  if  exposed, 
would  furnish  us  with  the  northern  slopes  of  the  anticlinal  folds.  An 
interesting  case  is  presented  in  Section  XII,  where  the  sedimentary 
strata  have  twice  been  doubled  by  lateral  pressure.  In  this  instance  the 
granite,  which  had  previously  reached  the  surface  by  virtue  of  the  west- 
erly anticlinal  upheaval,  formed  an  immovable  barrier.  Between  this 
anil  the  portions  elevated  by  the  second  fold  lay  a  series  of  beds  which 
were  thus  plicated  by  the  force  which  propelled  upward  the  metamorphic 
rock  first  lising  into  view. 

In  the  presence  of  the  Tertiary  groups  of  the  Sweetwater  region  we 
have  before  us  a  representative  of  one  of  the  most  interesting  features  of 
the  western  country.  The  comparatively  large  number  of  basins  which 
have  existed  during  previous  periods,  and  wrbich  do  exist  at  the  present 
time,  is  a  characteristic  which  is  productive  of  the  most  surprising  va- 
riation. Local  accumulations  of  this  kind  sadly  interfere  with  the  ac- 
cepted standards  of  geological  succession  of  groups.  Palteontological 
evidence  is  generally  the  only  resource,  in  such  case?  whereby  their  rela- 
tive positions  can  be  determined.  In  the  succeeding  chapter,  I  shall 
have  occasion  to  speak  of  a  number  of  Tertiary  groups,  and  shall  there 
discuss,  in  connection  with  others,  the  relations  of  the  Sweetwater  series. 
Interesting,  as  well  as  instructive,  when  viewed  together  with  other 
facts,  is  the  nature  and  distribution  of  the  Wyoming  conglomerate.  We 
know  that  a  number  of  the  Tertiary  groups  of  the  west  contain  varying 
masses  of  such  material.  This  is  the  youngest  one  within  the  forma- 
tion, one  spread  widely  over  the  country. 

Evidence  exists  in  this  district  that  some  of  the  glaciers  starting  from 
the  Wind  River  Range  extended  for  very  long  distances,  but  as  the 
main  portion  of  the  proof  is  found  beyond  the  Sweetwater  drainage,  this 
shall  be  treated  of  in  the  succeeding  chapter.  In  the  Sweetwater  Ilills 
we  fiud  the  remains  of  "  extinct n  glaciers,  which  occui>ied  a  more  or  less 
restricted  area.  I  doubt  not  but  that  the  surrounding  conditions  were 
particularly  favorable  to  their  formation  at  this  point,  and  that  the^  re- 
ceded, and  finally  disappeared,  in  a  ratio  proportionate  to  the  destruction 
of  those  causes  that  first  led  to  their  origin.  So  far  sis  I  have  seen  the 
western  country,  I  am  persuaded  that  the  glaciation  of  certain  regions 
was  due  more  directly  to  local  meteorological  causes  than  to  the  existence 
of  a  general  glacial  epoch.  In  consequence,  I  do  not  believe  that  the 
glaciers  of  the  Sweetwater  Ilills  of  Wyoming  and  those  of  the  San  Juan 
mountains  in  Colorado  were  formed  at  the  same  time,  or  disappeared 
synchronously.  The  general  depression  of  temperature  during  a  certain 
epoch  cannot  be  denied,  but  it  does  not  necessarily  include  the  factor  of 
very  abundant  precipitation,  which  is  the  first  condition  essential  to  the 
formation  and  perpetuation  of  glaciers. 

References  have  been  given  in  the  itinerary  and  in  Chapter  I  to  the 
elimatal  conditions  and  agricultural  pursuits  of  this  region.  It  has  often 
been  spoken  of  with  especial  reference  to  these  subjects,  and  the  re- 
marks thereupon  may  prove  to  afford  some  additional  information. 


CHAPTER  IV. 


GEOLOGY  OF  THE  DEPEESSED  SOUTHEEX  AEEA. 

GENERAL  STRUCTURE. 

This  entire  area  comprises  more  than  one-third  of  our  district,  ex- 
tending southward  from  the  Wind  River  Mountains,  the  Sweetwater 
and  Seminole  Hills,  to  the  southern  limits  of  our  work.  It  is  essentially 
a  low  bluff  country,  formed  by  gentle  undulations  of  the  groups  compos- 
ing it.  Beginning  in  the  western  end,  we  find  bluff  succeeding  bluff 
until,  in  the  vicinity  of  Mount  Essex,  the  general  character  is  slightly 
changed  by  the  appearance  of  some  eruptive  rocks.  From  there  east- 
ward we  pass  through  the  low  depression  which  we  have  called  the 
Shoshone  Basin.  Farther  on  we  cross  the  anticlinal  fold  running  from 
Whiskey  Gap  to  Bawlings  Springs.  Beyond  that,  to  the  eastern,  limits 
of  our  district,  the  strata  dip  eastward,  forming  bluffs  with  steep  western 
slopes  and  gentle  inclines  in  the  opposite  direction.  Combined  with  the 
east  and  west  flexure  of  the  strata,  we  observe  a  steady  though  slight 
dip  to  the  southward,  indicating  a  continuation  of  that  observed  farther 
north  in  the  beds  of  the  Sweetwater  Group. 

Within  this  entire  area  we  meet  with  mainly  the  younger  sedimentary 
formations.  Along  the  anticlinal  upheaval  above  alluded  to  wo  find 
exposures  of  older  groups,  but  they  are  confined  to  a  restricted  area. 
The  Tertiary  formation  is  well  represented,  and  to  its  consideration  will 
be  devoted  the  larger  portion  of  this  chapter. 

META3IORPHICS. 

But  one  outcrop  of  mctamorphic  rocks  in  situ  was  observed  in  this 
area.  It  occurs  on  and  near  Bawlings  Peak,  along  the  line  of  the  anti- 
clinal uplift.  Forming  the  central  mass  of  this  hill,  it  extends  for  a 
short  distance  to  the  southward,  appearing  exposed  in  nigged  masses. 
On  all  sides  it  is  soon  covered  by  unchanged  sedimentary  beds,  thus 
forming  the  nucleus  of  a  quaquaversal  arrangement  of  strata.  The  rock 
is  essentially  a  granitic  one,  consisting  of  oligoclase,  orthoclase,  gray 
and  white  quartz,  light-green,  partly  fibrous  hornblende,  and  a  small 
quantity  of  mica.  It  might  be  termed  a  stratified  or  stratoid  granitic 
syenite  at  some  i>oints.  Its  general  color  is  a  muddy  green,  red  in  some 
places.  No  doubt  this  granite  extends  northward  for  a  considerable  dis- 
tance, but  it  does  not  appear  on  the  surface  again.  So  far  as  can  be 
seen,  the  structure  of  this  rock  conforms  to  the  anticlinical  upheaval  by 
which  it  has  been  placed  in  such  a  position  as  to  appear  upon  the  surface. 
Overlying  the  syenite  we  find  a  series  of  sedimentary  formations,  which  . 
extend  for  some  distance  beyond  it  on  three  sides. 

SILURIAN. 

Potsdam  Group. 

Directly  above  the  metamorphic  rocks  we  observe  a  series  of  quartzites  s 
and  sandstones,  dipping  off  to  the  west,  north,  and  east.  Towards  the « 
west,  the  dip  is  steep  at  first,  amounting  to  about  45°,  but  is  somewhat  • 
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diminished  as  it  recedes  from  the  central  mass.  Northward  the  dip  is 
least,  about  10°  to  15°,  causing  the  Potsdam  strata  to  disappear  under 
the  younger  beds.  East  of  the  peak,  the  quartzites  first  incline  steeply, 
but  soon  lose  their  high  angle,  and  are  reduced  to  an  inclination  of  15° 
to  18°.  Gray,  white,  and  red  quartzites  and  some  sandstones  compose 
the  series.  A  good  section  may  be  obtained  at  the  southern  base  of 
ltawlings  Peak.  There  the  thickness  of  the  beds  appeal's  to  be  some- 
what over  GOO  feet. 

Calciferow  Group. 

Above  the  quartzites  and  sandstones  a  thin  series  of  calcareous  and 
dolomitic,  partly  arenaceous  beds  may  be  found.  I  am  in  doubt  whether 
they  should  be  referred  to  this  group.  No  fossils  were  found  in  them, 
and  their  position  cannot  be  regarded  as  established.  In  lithological 
character  they  agree  with  the  members  of  the  Oalciferous  Group  else- 
where, but  they  may  represent  portions  of  the  Subcarbonifcrous.  Be- 
neath these  limestones  and  dolomites  a  highly  interesting  deposit  of 
"  red  paint "  occurs.  It  is  composed  of  red  hematite,  exceedingly  homo- 
geneous in  texture,  and  free  from  impurities.  Some  of  it  is  fibrous,  and 
is  usually  regarded  as  nearly  chemically  pure.  A  large  quarry  hiis  been 
opened,  and  the  hematite  has  been  obtained  from  it  for  commercial  pur- 
poses. Judging  from  surface  indications,  its  extent  is  considerable,  but 
the  overlying  beds  rendered  it  impossible  to  form  any  accurate  estimate. 

CARBONIFEROUS. 

Subcarbonifcrou*  Group. 

A  series  of  yellow  and  gray,  partly  arenaceous,  magnesian  limestones 
may  be  referred  to  this  group.  They  overlie  the  dolomites  which  have 
been  regarded  as  doubtfully  Calciferous.  An  exposure  of  these  strata 
may  be  seen  on  the  narrow  ridge  leading  from  the  "red-paint  mine"  to 
the  southeast.  Ilere  they  show  a  dip  of  about  30°  eastward,  veering 
gradually  to  northeast.  Enormous  masses  of  drift  material,  which 
cover  ali  the  depressions  and  many  of  the  ridges  in  this  region,  ob- 
scures the  continuation  and  vertical  development  of  the  strata  very 
much.  To  the  west  the  same  conditions  are  found  to  be  repeated.  Dip- 
ping at  an  angle  of  30°  to  35°  westward,  the  strata  rapidly  disappear 
from  sight.  Northward  the  dip  is  more  gentle.  An  estimate  of  their 
thickness,  which  is  rendered  more  or  less  inaccurate  by  the  superposi- 
tion of  drift,  places  the  thickness  of  this  group  at  about  200  to  300  feet 
No  fossils  were  found  except  some  indistinct  corals. 

Carboniferous  Group. 

After  passing  the  Subcarboniferous  strata  east  of  Rawlings  Peak,  we 
•  cross  a  flat  valley  about  2  miles  in  width.    Ascending  a  gently  sloping 
ridge  on  the  eastern  side  of  this  depression,  we  find  outcrops  of  Car- 
boniferous limestones.    We  have  hero  reached  the  upper  members  of 
the  group.    Along  this  line  no  other  exposure  is  found  in  the  valley. 
From  what  we  can  learn  from  the  occurrences  west  and  north,  we  are 
enabled  to  say  that  the  Carboniferous  limestones  dip  to  the  eastward 
throughout,  beginning  with  an  angle  of  about  20°,  which  decreases  to 
:  8°  on  the  ridge  mentioned.    West  of  the  peak  the  exposures  are  more 
.  satisfactory,  as  also  north  of  it.    We  there  meet  with  the  characteristic 
i  blue  limestones,  highly  siliceous  and  massively  bedded.    Much  of  the 
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area  over  which  they  were  originally  exposed  is  covered  by  drift,  so  that 
but  fragmentary  information  can  be  obtained.  In  general  arrangement 
of  the  succession  of  strata  the  group  here  compares  favorably  with  the 
outcrops  in  the  Seminole  Hills.  So  far  as  I  could  determine,  the  thick- 
ness is  diminished,  amounting  to  about  1,400  to  1,600  feet.  With  the 
steadily  changing  dip  and  the  disconnected  exposures,  it  is  a  difficult 
matter  to  reach  any  accurate  estimate  of  the  vertical  dimensions.  Within 
these  limestones,  Productus,  Orthis,  and  some  Crinoids  were  found. 

Permian  Group. 

East  of  the  anticlinal  fold,  resting  directly  upon  the  upper  portions  of 
the  Carboniferous  limestones,  some  yellow,  light-gray,  and  pink  sand- 
stones and  shales  occur.  They  closely  resemble  the  Permian  beds  froin 
adjoining  regions.  Drift  covered  all  but  a  small  portion  of  them,  so 
that  I  nowhere  obtained  a  satisfactory  exposure.  The  thickness  of  this 
series  will  here  not  much,  if  any,  exceed  150  feet. 

TRIAS. 

On  the  eastern  side,  the  Triassic  beds  are  almost  entirely  hidden  by 
drift,  but  they  were  found  exposed  to  the  north  and  west.  They  occupy 
but  a  comparatively  small  area,  being  covered  partly  by  drift,  partly  by 
the  succeeding  yonnger  formations.  Sandstones  and  shales  of  a  dark- 
red  color  below  are  followed  by  massive  beds  of  bright-red  shales. 
Heavy  sandstones  interstratified  with  shales,  red  at  first,  and  changing 
into  pink,  yellow,  and  whitish,  close  the  formation.  In  the  thick  beds  of 
shale  the  characteristic  banks  of  dolomitic  composition  are  found  that 
occur  elsewhere  in  the  same  horizon.  Near  the  base  of  the  lower  sand- 
stones Mr.  S.  P.  Emmons*  observed  a  bed  of  semi-crvstalline  lime- 
stone,  and  collected  from  it  a  number  of  specimens  of  Xatica  Lelm.  This 
is  the  only  genus  and  species  which  I  know  to  have  been  found  in  the 
Triassic  formation  of  our  district.  From  the  outcrops  to  the  west  and 
north  the  total  thickness  of  the  beds  may  be  regarded  as  over  600  feet. 
In  stratigraphical  arrangement  the  Triassic  beds  are  conformable  to 
those  described  above. 

JURA. 

A  series  of  marls  and  limestones  which  occur  above  the  red  beds,  indi- 
cate the  presence  of  the  Jurassic  formation.  We  find  the  arrangement 
of  the  strata  to  be  relatively  the  same  as  observed  at  other  localities. 
Dark-gray,  partly  argillaceous  and  arenaceous  limestones  near  the  base, 
followed  by  yellow,  gray,  and  white  shales  and  marls,  which  contain  an 
occasional  interstratum  of  limestone.  Emmons  obtained  Camptonectes^ 
Belemnites,  Eumicrotis,  and  Astarte  from  the  lower  limestones;  we  found 
lklemnite*  while  passing  over  them.  The  vertical  development  of  the 
Jurassic  beds  has  somewhat  diminished  as  compared  to  occurrences 
further  north.    We  may  regard  the  thickness  as  a  little  over  100  feet 

CRETACEOUS. 

Within  this  southern  area  we  have  a  full  development  of  the  Cretaceous 
formation.  While  the  groups  heretofore  described  owe  their  surface 
exposure  to  a  cause  that  may  be  regarded  as  accidental,  we  can  consider 
the  Cretaceous  beds  as  typical  for  the  southeastern  portion  of  our  dis- 

#Rep.  Geo}.  ExpL  40th  Parallel,  voL  ii,  1877,  p.  162.  • 
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trict.  It  is  true  that  their  present  prominent  position  is  due,  in  a  meas- 
ure, to  the  same  disturbances  mentioned  above,  but  they  occupy  an 
extensive  area  and  reach  considerable  vertical  dimensions.  Two  dis- 
tricts may  be  cited  as  exhibiting  groups  belonging  to  the  formation. 
The  first  is  the  region  north  and  east  of  Rawlings  Peak :  the  second, 
the  vicinity  of  Salt  Wells  Station  on  the  Union  Pacific  Railroad.  It 
will  be  seen  that  the  termination  of  an  anticlinal  upheaval,  or  an  "  oval 
quaqnaversal,"  has  produced  the  outcrops  at  this  latter  locality.  From 
what  has  been  observed  within  our  district  and  regions  adjoining,  both 
east  and  west,  we  can  conclude  that  the  entire  Cretaceous  formation 
underlies  all  the  younger  sedimentary  formations,  which  we  shall  have 
occasion  to  discuss  in  subjoined  pages.  It  is  thoroughly  well  developed 
throughout,  and  wherever  it  appears  shows  a  singular  persistence  of 
typical  features  within  each  group. 

Dakota  Group. 

Overlying  the  strata  of  Jurassic  age  we  find  the  conglomeritic  sand- 
stones of  the  Dakota  Group.  Succeeding  are  shales,  yellow,  brown,  and 
gray.  The  lighter  sandstones  occurring  near  the  top  form  a  prominent 
outcrop.  It  can  be  traced  continuously,  dipping  conformably  with  older 
formations,  in  three  directions.  South  of  Whiskey  Gap,  the  Dakota 
sandstones  disappear,  again  to  be  exposed  within  the  gap  and  along  the 
southwestern  and  southern  slope  of  the  Seminole  Hills.  No  percepti- 
ble variation  from  the  thickness  as  found  in  the  gap  can  be  noticed. 
Although  the  Cretaceous  groups  certainly  show  a  decided  amplification 
toward  the  south,  this  is  not  sufficiently  great  at  this  locality  to  appear 
prominently.  The  usual  seams  of  carbonaceous  material  were  found  in 
the  lower  shales  of  the  group.  No  fossils  were  collected,  as  the  out- 
cropping strata  were  very  much  weathered,  and  but  lew  badly  preserved 
plant-reinaiiis  were  seen. 

Colorado  Group. 

In  Section  XIV"  the  northern  exposure  of  Colorado  shales  is  given.  It 
is  there  produced,  at  the  southwestern  end  of  Whiskey  Gap,  by  the  effect 
of  the  north  to  south  anticlinal  upheaval.  Following  the  shales  in  a  direc- 
lion  a  little  east  of  south,  we  remain  upon  their  outcrop  as  produced  by 
the  ui>liiTfc.  They  show  a  steady  diminishing  dip  to  the  eastward.  To- 
gether with  the  Dakota  Group  they  form  a  prominent  ridge,  trending 
almost  parallel  with  the  longitudinal  anticlinal  axis,  swerving  a  little  to 
the  eastward,  however.  The  shales  are  very  finely  laminated,  arenace- 
ous in  part,  and  show  interstrata  of  hard  calcareous  beds  or  of  sand- 
stones. An  admixture  of  ferric  oxygen  compounds  imparts  to  them  a 
rusty  brown  color  at  a  few  places,  but  usually  they  are  dark  gray,  nearly 
black.  Numerous  joints  and  fissures  traverse  the  shales,  admittiug 
moisture,  and  thus  giving  rise  to  the  only  spring  of  the  region,  Brown's 
Spring.  In  the  upper  portion  of  the  shales  several  beds  of  sandstone 
set  in,  forming  a  sharp  cap  near  the  summit  of  the  ridge.  It  seems  that 
the  Colorado  shales  of  this  locality  are  harder  than  elsewhere,  and  in 
many  instances  resist  erosion  more  effectually  than  is  generally  the  case. 
We  observe,  in  connection  with  this  series  of  outcrops,  a  feature  that  can 
be  regarded  as  characteristic  of  the  group.  This  consists  in  the  rapid 
increase  of  dip  upon  reaching  the  upper  members  of  the  shales.  In  this 
instance  the  inclination  eastward  amounts  to  about  8°,  but  near  the  end 
of  the  Colorado  shales  it  is  increased  to  about  14°.    Whether  this  be  doe 
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to  a  settling  of  the  strata  along  the  lines  of  greatest  pressure,  or  to  an 
exfoliation  by  partial  hydration  of  those  portions  from  which  pressure 
is  removed,  may  remain  an  open  question.  Personally,  I  am  inclined 
to  favor  the  latter  proposition,  although  I  am  not  able  to  prove  it.  East 
of  the  ridge,  the  dip  of  the  shales  becomes  very  slight,  amounting  to 
about  6°.  A  wide,  flat  valley  is  there  excavated  by  erosion,  the  drift  of 
which  effectually  conceals  all  outcrops.  Near  the  western  base  of  a  h*gh 
.  bluff  east  of  the  valley  we  obtain  the  data  as  to  dip.  On  the  western 
ride  of  the  anticlinal  we  find  the  same  group,  but  so  arranged  as  to  dip 
in  the  opposite  direction.  At  the  northern  end  the  arch  connecting  the 
two  is  complete  and  well  exposed.    It  is  represented  in  Section  XIII. 

Within  the  shales  numerous  fragments  of  Inoceramus  and  Ostrea  con- 
g&ta  were  found  wherever  they  were  exposed.  -Toward  the  south  the 
group  appears  to  develop  considerably  in  vertical  extent.  Its  maximum 
thickness  may  be  regarded  at  900  feet. 

Directly  north  of  Salt  Wells  we  find  the  other  occurrence  of  Colorado 
shales  in  this  southern  area.  It  there  owes  its  position  to  the  formation 
of  an  anticlinal  fold  extending  to  the  southwest.  We  have  within  our 
district  but  the  extreme  northern  portion  of  this  disturbance,  which 
manifests  itself  in  the  production  of  a  partiversal  arrangement  of  the 
strata.  At  that  locality,  the  oldest  group  reaching  to  the  surface  is  that 
of  the  Colorado  shales.  Dakota  beds  are  not  exposed  until  we  travel 
some  distance  southward.  Covered  by  the  Fox  Hills  series,  the  shales 
occupy  but  a  very  restricted  area,  and  do  not  appear  again  until  north 
of  the  Sweetwater  divide. 

Fox  Sills  Group. 

In  Whiskey  Gup  we  find  the  northern  termination  of  the  area  over 
which  this  group  is  exposed.    We  there  have  occasion  to  observe  very 
flearly  the  effect  of  the  anticlinal  upheaval.    The  Fox  Hills  series  is 
broken  along  the  line  cut  by  section  XIII;  but  a  short  distance  north- 
ward it  is  continuous  again.    Forming  a  steep  synclinal  fold,  the  one 
jwrtion  of  the  group  branches  off  to  the  eastward,  flanking  the  southern 
slope  of  the  Seminole  Hills.    The  other  follows  a  line  of  outcrop  about 
southeast,  dipping  a  little  north  of  east.    This  latter  owes  its  position 
to  the  anticlinal  uplift.    We  find  that  the  beds  of  this  group  form  a 
prominent  ridge,  rising  steeply  from  the  valley  directly  east  of  that  pro- 
duced by  the  upturned  Colorado  shales.    Dipping  eastward  at  an  angle 
of  4°  to*G°,  the  Fox  Hills  strata  gently  slope  toward  the  lower  country. 
As  usual,  the  scries  is  here  composed  of  yellow,  brown,  and  grayish, 
highly  arenaceous  shales.    Beds  of  sandstone  and  some  of  pure  argiilites 
occur  within  them.    Toward  the  top,  sandstones  of  comparatively  fine 
texture  set  in,  forming  a  cap  which  protects  the  underlying  shales  from 
total  disintegration.    Steep  slopes  characterize  the  exposed  edges  of  the 
fttrata,  while  the  upper  sandstones  form  even  or  gently-rounded  slopes. 
Some  of  the  highest  sandstone  strata  are  very  nearly  white.    Decom- 
posing readily,  the  shales  furnish  an  excellent  supply  for  the  production 
of  alkali.    They  contain,  as  well  as  the  Colorado  sliales,  small  inclosures 
and  seams  of  pyrite,  which  aid  rapid  chemical  changes.    Within  the  beds 
referable  to  this  group  we  found  numerous  fragments  of  Inoceramus  and 
a  Turbonella.    Some  small  scams  of  coal  occur  near  the  top,  but  their 
outcrops  were  so  much  obscured  that  the  thickness  could  not  be  meas- 
ured.   Along  this  eastern  ridge,  the  Fox  Hills  Group  reaches  a  vertical 
development  of  about  1,000  to  1,100  feet.    A  section  (Section  XV)  taken 
through  the  anticlinal  ridge  a  short  distance  north  of  Eawlings  Peak  will 
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explain  the  relative  position  of  all  the  groups  involved  in  the  movenu 
On  its  western  side  we  find  a  corresponding  arrangement  of  the  Fox  B 
series,  with  the  exception  that  the  dip  is  relatively  larger,  and  pern 
but  a  smaller  area  to  be  exposed.  The  entire  structure  of  the  com 
west  of  this  anticlinal  is  exceedingly  simple,  consisting  mainly  in  ad 
low  synclinal  basin  toward  the  south  and  an  almost  unbroken  plain 
the  north. 

Section  XV  runs  nearly  east  and  west.  We  find  the  anticlinal  nj 
(C)  culminating  in  the  elevation  of  the  granitic  syemto  Ut)  which  fa 
Kawlings  Peak.  To  the  eastward,  Silurian  quartzitcs  (o)  are  resting 
rectly  upon  it.  At  the  horizon  indicated  (P)  we  find  the  deposit  of 
paint.  Calciferous  strata  (c)  occupy  a  very  subordinate  position,  uw 
lying  the  Subcarbonifcrous  Group  (<!).  llere  we  begin  to  notice  a  deci 
diminishing  of  the  dips.  Massive  beds  of  Carboniferous  limestone  (e) 
almost  totally  covered  by  loose  drift  («),  and  appear  only  on  a  so 
ridge,  where  the  higher  members  of  the  group  are  exposed.  Penn 
beds  (/)  crop  out  overlying  them.  Their  eastern  continuation,  the  Trial 
beds  (g)j  and  the  larger  portion  of  Jurassic  strata  (A)  tire  covered  by 
drift  (w)  of  the  second  valley.  Ascending  the  ridge  eastward,  we  p 
over  the  members  of  the  "Dakota  Group  («'),  and  reach  the  Colon 
shales  (k).  Following  the  eastward  slope  of  these  beds,  which  gradm 
diminish  in  dip,  we  find  an  extensive  lake  deposit  (w«),  extending  to 
base  of  the  Fox  Hill  series  (I).  On  the  western  side  of  the  anticlinal 
find  the  same  succession,  with  an  increased  dip  of  the  beds,  howq 
Here  we  are  enabled  to  obtain  a  better  section,  as  but  one  deposil 
drift  (p)  especially  interferes  with  our  observations.  On  this  side  • 
Laramie  Group  (q)  has  been  introduced,  which  covers  the  Fox  Hills. 

Near  Salt  Wells  the  Fox  Hills  beds  are  well  developed  and  occus 
very  prominent  position.  A  valley  of  approximately  semicircular  sfi 
lies  directly  north  of  the  railroad,  bordered  entirely  by  steep,  bit 
bluffs.  We  find  upon  examination  that  these  are  composed  of  the  d 
actcristic  shales  and  sandstones  of  the  Fox  Hills  scries.  Dipping  (rf 
every  direction,  they  present  a  most  typical  partiversal  arrangement 
the  strata.  Near  tiio  base  they  are  composed  of  thinly  bedded  sa 
stones.  These  are  followed  by  yellow  and  brown  shales,  more  or  1 
arenaceous  and  micaceous.  Above  these  we  find  a  succession  of  sa 
stones  and  shales,  containing  carbonaceous  strata.  A  recess  in  the  bl 
is  caused  by  the  lrigher  series  of  shales.  The  latter  are  covered  by  sa 
stone  strata  of  varying  thickness,  separated  from  each  other  by  ska 
Some  good  coal  is  found  in  this  horizon.  Near  the  top  we  find  mas* 
yellowr  sandstones  overlaid  by  thin  beds  of  shale  and  some  wliite  sa 
stones.  Throughout  the  group  fragments  of  Inoccramus  are  very  pie 
fid,  but  other  fossils  appear  to  be  rare.  On  every  side  the  beds  arc  c 
ibrmably  overlaid  by  strata  of  the  Laramie  Group.  In  speaking  of 
Tertiary  Groups  of  this  region  sections  will  be  given  showing  the  arrai 
ment  of  strata  at  this  locality.  The  thickness  of  the  Fox  Hills  Gn 
here  is  about  1,200  to  1,300  feet 

POST-CRETACEOUS. 

Laramie  Group. 

The  Laramie  Group  has  a  wide  distribution  in  this  region.    On 
west  side  of  the  anticlinal  we  can  trace  it  northward  nearly  to  Whis 
Gap.    There  the  drift  obscures  all  definition  as  to  its  termination,  bt 
am  inclined  to  think  that  it  juts  directly  against  the  granites  of 
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Sweetwater  Hills.  For  a  considerable  distance  north  no  dip  is  noticeable 
except  that  to  the  west.  Near  the  hills,  however,  we  notice  a  slight  inclina- 
tion to  the  southward.  It  is  not  more  than  2°  or  3°,  and  unless  a  large  area 
is  in  view  cannot  be  seen.  From  there  the  Laramie  beds  continue  in  a 
westerly  direction  until  hidden  by  Tertiary  beds.  From  the  stratigraph- 
ieal  structure  of  the  entire  region  we  seethat  this  group  forms  a  basin, 
and,  so  far  as  we  could  determine,  the  younger  strata  are  conformable 
thereto.  This  is  the  one  that,  in  its  surface  appearance,  has  been  desig- 
nated as  the  Shoshone  Basin.  As  we  cross  the  strike  of  the  Laramie 
beds,  we  notice  that  their  dip  decreases,  amounting  finally  to  only 
about  2°.  Loose  drift  covers  the  bluffs  and  valleys  very  extensively, 
somewhat  interfering  with  the  recognition  of  continuations  of  strata. 
Fiwm  the  facts  which  we  obtained  with  reference  to  the  Laramie  Group 
of  this  region  we  may  regard  it  as  composed  entirely  of  sandstones, 
shales,  marls,  clays,  and  coals. 

Near  the  base  heavy  sandstones  set  in,  soon  superseded,  however,  by 
shales.  These  contain  strata  of  sandstones  at  varying  intervals.  A 
number  of  coal-beds  were  found  overlying  these  sandstones.  The  coal 
is  generally  covered  by  a  comparatively  thin  stratum  of  sandstone,  upon 
which  follow  clays,  shales,  and  arenaceous  marls.  Higher  up  we  find  a 
succession  of  sandstones  interstratified  with  shale.  Gypsum  in  the  form 
of  selenite  is  quite  frequently  found  in  the  latter.  The  higher  members 
of  the  group  are  composed  of  yellow  and  white  sandstones,  containing 
several  beds  of  coal,  and  dark,  often  carbonaceous  shales.  Sandstones 
mediate  the  transition  into  the  Lower  Tertiary  Groups.  We  may  regard 
the  lowest  coal-horizon  as  the  most  productive  one.  In  Colorado  we  find 
the  same  character  exhibited  as  to  the  utility  of  the  coal.  The  total 
thickness  of  this  group,  west  of  Rawlings  Springs  and  from  there  north- 
ward, may  be  estimated  at  nearly  1,000  feet. 

In  the  vicinity  of  Eawlings  some  coal  is  mined  in  the  lower  beds.  The 
demand  does  not  warrant  the  prosecution  of  work  during  the  entire  year, 
bnt  a  sufficiently  large  quantity  can  be  disposed  of  to  make  the  produc- 
tion of  coal  remunerative.  Near  Fillmore  and  Summit  we  found  a  num- 
tor  of  abandoned  openings  on  coal-banks,  some  of  which  appeared  to 
extend  into  the  veins  for  considerable  distances.  In  most  cases  the  roofs 
v<re  either  too  unsafe,  or  the  holes  were  full  of  water,  so  that  we  could 
not  nuike  anv  extended  examinations.  East  of  Fillmore  we  found  an  old 
tunnel,  at  the  mouth  of  which  a  huge  dump  of  slaked  coal  indicated 
that  it  good  deal  of  work  had  been  expended  on  the  vein.  A  section 
obtained  there  of  the  strata  immediately  above  the  coal-bank  may  fur- 
nish a  general  idea  of  the  beds  usually  associated  with  the  coal.  Begin- 
ning with  the  top  of  the  small  bluff  into  which  the  tunnel  was  driven  we 
found : 

f-  Yellow,  middle-grained  sandstones.      Contain  argillaceous  bands 5  feet. 

*•  ftruy,  laminated  shales,  exfoliating  upon  weathering 9  feet. 

■•  Yellow  sandstone,  with  reddish  stains.    Fossil  plants 2  feet. 

S-  White,  coarse-grained,  argillaceous  sandstone,  with  thin  seams  of  light- 

yt-llow  shales 7  feet. 

f-  Yellow  sandstones,  ferruginous  and  hard,  with  Calamitcs  and  other  plants..  3  feet. 

(-  Light-gray  very  fine-grained  shales  with  minute  crystals  of  selenite 5  feet. 

d-  White  coarse-grained  sandstone,  readily  weathering  into  rounded  forms 6  feet. 

<■■  (J  ray  and  drab,  highly  argillaceous  shales  and  clays,  with  leaves  and  selenite.  4  feet. 

*■  Carbonaceous  shales,  containing  thin  seams  of  coal 6  feet. 

«.  Coal 8  feet. 

Iu  connection  with  these  outcrops  of  coal  we  had  occasion  to  observe 
the  extensive  alteration  of  exterior  appearance  produced  by  their  taking 
fire.    At  a  number  of  localities  we  had  observed  brilliant  red  shales  with- 
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out  being  able  properly  to  account  for  their  presence.  It  was  found  that 
several  of  the  dumps  were  ignited,  a  common  condition  due  to  spontaneous 
combustion  of  the  coal,  which  is  produced  by  the  decomposition  of  pyiite. 
In  the  same  manner  probably  the  coal  in  situ  took  fire  and  burned  so  long 
as  the  supply  of  oxygen  could  sustain  a  flame.  Through  this  process  of 
metamorphosis  by  heat  the  overlying  beds  containing  more  or  less 
hydrated  ferric  oxide  were  changed  to  a  bright  vermilion  color.  We 
found  sandstones^  the  faces  and  edges  of  which  had  been  literally  glazed 
by  the  long-continued  action  of  heat.  Fragments  were  firmly  baked 
together,  and  resembled  cinders  from  a  furnace.  Purely  argillaceous 
shales  and  clays  had  been  thoroughly  fritted,  and  were  altered  into  very 
hard,  compact  porcelain  jasper.  When  found  in  small  pieces,  this  latter 
is  generally  reel  on  the  outside  surface,  but  upon  being  broken  it  is  of  a 
greenish-blue  color.  This  difference  is  due  to  coloring  produced  in  the 
first  instance  by  ferric  and  the  second  by  ferrous  oxides.  Prof.  J.  A. 
Allen,  of  Cambridge,  has  observed  similar  occurrences,  and  has  published 
a  liighly-interestiug  paper  upon  the  subject.*  Throughout  the  area  cov- 
ered by  the  Laramie  Group,  and  in  some  of  the  Wasatch  bods,  we  found 
the  same  red  color  of  strata  produced  by  the  same  causes. 

In  the  vicinity  of  Salt  Wells  we  observed  the  Laramie  Group  again 
exposed.  It  there  follows  a  line  of  outcrop  similar  to  that  shown  by  the 
Fox  Hills.  Dipping  in  three  directions,  the  exposure  to  the  north  occu- 
pies the  smallest  area.  On  the  west  side  the  beds  dip  off  steeply  from 
the  Fox  Ilills,  following  a  strike  which  carries  them  to  Rock  Springs. 
Here  large  masses  of  oysters  were  found  along  the  slopes  of  small 
bluffs.  They  were  determined  as  Ostrea  Wyomingenttis  and  0.  glabra. 
Coal-beds  are  found  here  in  the  Laramie  Group,  a  short  distance  above 
the  Cretaceous  strata.  Their  outcrops  were  too  much  decomposed  to 
afford  any  material  for  analysis.  I  here  insert  an  assay  made  by  Pro- 
fessor Frazer,  and  published  in  the  report  for  1870.  The  coal  is  from 
Rock  Springs,  and  there  occurs  as  a  direct' continuation  of  the  beds  we 
observed  northwest  of  Salt  Wells : 

Percent 

Volatile  matter 42.  G2 

Coke 54.88 

Ash 11.00 

Sulphur 00.60 

100.00 

Following  the  Laramie  beds  along  their  strike,  we  are  carried  to  the 
eastward  and  then  southeast  in  a  line  reaching  Point  of  Rocks.  An 
analysis  made  by  Professor  Frazer  of  coal  from  this  place  yielded  him: 

Percent 

Moisture 8.54 

Volatile  matter 30.60 

Carbon 52.34 

Ash,  white a  52 

100.00 

From  a  comparison  of  these  results  with  those  obtained  by  W.  Ash- 
burner,  who  analyzed  some  coal  from  Separation,  it  will  be  found  that 

*  Metamorphism  produced  by  the  burning  of  lignite  beds  in  Dakota  and  Montana. 
J.  £.  Allen,  Boston,  1874. 
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some  difference  exists.    The  latter  determined  the  composition  as  fol- 
lows: 

Per  cent. 

Volatile  matter 48.00 

Fixed  carbon 50.57 

Aah 1.43 

100.00 

Comparing  these  with  the  mean  average  taken  from  34  analyses  of 
Colorado  coal,  we  find  a  striking  constancy  of  the  percentage  of  fixed 
carbon: 

Percent. 

Water , 6.43 

Fixed  carbon 52.51 

Volatile  matter 34.09 

Ash 6.83 

It  is  a  matter  of  experience  that  different  banks  of  coal,  though  occur- 
ring in  the  same  horizon,  frequently  vary  considerably  as  to  the  quantity 
of  ash  they  contain.  It  is  due  to  more  or  less  accidental  admixtures, 
and  frequently  to  inclusions  of  clay  and  gypsum  between  the  narrow 
seams  which  traverse  nearly  all  of  the  younger  coals. 

Besides  these  two  "  fields n  we  find  no  further  outcrop  of  the  Laramie 
Group  in  our  district.  An  enormous  amount  of  coal  that  may  be  utilized 
at  some  future  time  is  stored  within  this  area.  At  present,  so  abundant 
a  supply  is  offered  at  the  most  advantageous  localities  that  it  may  be 
centuries  hence  before  the  treasures  of  this  section  will  be  sought  after.* 

TERTIARY. 

Wasatch  Group. 

Directly  overlying  the  upper  sandstones  of  the  Laramie  Group,  we 
find  an  extensive  series  of  sandstones,  shales,  and  marls,  which  form  the 
Wasatch  Group.    The  most  extensive  section  of  the  entire  group  may 
be  obtained  north  of  Salt  Wells.    Passing  down  along  the  northward 
sloping  Laramie  beds,  we  find  a  heavy  mass  of  variegated  marls  overly- 
ing some  shales  and  sands.    Conformable  with  the  underlying  strata 
tliese  dip  northward  at  a  diminishing  angle.   Deep  canons  are  cut  into  the 
marls,  and  some  very  grotesque  forms  are  carved  out  of  them  by  erosion. 
They  present  a  very  handsome  variation  of  coloring.    Eed,  brown,  and 
maroon  strata  alternate  with  white,  yellow,  and  greenish  ones.    Isolated 
strata  of  sandstone  are  found  at  several  horizons.    As  a  rule,  the  marls 
are  highly  arenaceous ;  but  some  strata  can  be  found  which  are  free 
from  sand.    At  the  base  of  these  marls  accumulations  of  conglomerate 
may  be  found  at  some  places.     The  upper  portions  of  the  Wasatch 
Group  are  formed  by  yellow  and  brown  shales  and  loosely-cemented 
sandstones.    Some  of  the  latter  contain  numerous  siliceous  concretions, 
which  appear  in  the  form  of  chalcedony  and  agate.    In  the  upper  sand- 
stones and  shales  we  find  a  number  of  Carbonaceous  layers  and  some 
small  seams  of  coal. 

Passing  over  some  rusty  sandstones,  we  finally  reach  the  base  of  the 
Green  River  series.  At  the  point  of  greatest  development  which  we 
observed,  the  lower  marls  reach  a  thickness  of  600  to  700  feet.    I  regard 

•  Note. — In  my  report  upon  the  coal-beds  of  Evanston,  which  is  in  preparation,  I 
ahaU  have  occasion  to  enter  into  the  interesting  geological  questions  connected  with 
the  T<aramift  Group,  as  weU  as  into  the  economic  value  of  the  various  "lignitio" 
coals.— E. 
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them,  from  their  position  and  character,  as  analogous  to  the  P 
marls  of  New  Mexico  and  Colorado.    The  series  of  upper  sandstones 
shales  reaches  a  thickness  of  about  000  feet.    Within  this  region  a 
ber  of  volcanic  eruptions  have  taken  place.    North  and  northe 
Salt  Wells  several  buttes  occur,  forming  prominent  features  in 
landscape.    Essex  Mountain  is  one  of  these.    From  its  summit  w 
trace,  by  the  color,  the  extension  of  the  Wasatch  Group.    At  thi 
eality  the  strata  have  assumed  a  horizontal  position,  farther 
a  very  gentle  southerly  dip.    Toward  the  west  the  area  of  the 
is  closed  by  the  superposition  of  Green  Eiver  beds.    East  and 
the  same  strata  spread  widely.    Following  the  trend  of  the  on 
ping  volcanics  we  advance  toward  the  railroad  in  a  southeasterly 
After  crossing  a  creek,  which  on  some  maps  is  designated  as  S 
Creek,  we  gradually  rise  to  the  highest  elevations  which  the  Wa 
attains  in  his  region.    Descending  from  a  north  to  south  ridge  w 
before  us  the  wide  expanse  of  Red  Desert.    A  perfectly  level  vail 
oval  shape  is  surrounded  on  all  sides  by  low  bluffs.    Toward  the 
the  color  of  the  soil  is  perfectly  white,  but  farther  south  it  turns' 
brilliant  red.    Not  a  drop  of  water  is  found  in  that  entire  secti 
country.    The  red  color  of  the  desert-like  depression  is  derived  fron 
upper  members  of  the  Wasatch  series.    Northeast  of  Red  Dcser 
find  the  extensive  series  of  depressions  which  have  been  comp: 
tinder  the  name  of  Shoshone  Basin.    This  appellation  is  given  as  a  pi 
topographical  one,  without  reference  to  the  geognostic  structur 
the  region.    We  find  northward  of  Trail  Lake  a  number  of  others  w 
the  area  of  the  same  group.    In  this  vicinity  the  strata  are  very 
ular  in  their  arrangement.    A  very  slight  dip  toward  the  basin,  togci 
with  a  general  inclination  southward,  may  be  observed,  however,    N  <L 
west  of  Trail  Lake,  near  the  base  of  Station  21,  the  marls  are  agaii£ 
posed.    From  a  long  distance,  even,  may  they  be  recognized  by  t- 
chjiracteristic  coloring.    Typical  mauvaises  terres  are  carved  out  of^ 
marls  at  this  locality. 

Northeast  of  Trail  Lake  the  strata  continue  in  regular  success 
showing  a  bright  red  color  near  the  upper  portions  of  the  blufls.  ' 
is  due  to  the  burning  of  coal  beds.  By  this  process  the  shales  1 
changed  have  been  rendered  less  liable  to  disintegration,  so  that  the 
color  is  essentially  confined  to  a  narrow,  almost  horizontal  band.  A  a 
ber  of  small  lakes  and  several  dry  lake-beds  were  found  here,  still  bek 
ing  to  the  depression  of  the  Shoshone  Basin.  Near  one  of  these  a  In 
number  of  mud  springs  were  found,  which  shall  be  referred  to  a£ 
below.  So  far  as  we  could  determine,  the  thickness  of  the  upper  port 
of  the  Wasatch  diminishes  considerably  as  we  approach  the  Sweetwa 
Examining  the  most  northerly  outcrops  of  the  group  we  find  that  it  e: 
in  a  succession  of  small  bluffs  as  we  reach  the  metamorphic  and  Proa 
area.  A  little  farther  east,  along  the  southern  slope  of  the  Sweetwa 
Hills,  the  junction  is  obscured  by  drift  and  accumulations  of  sand. 

This  latter  feature  is  one  which  was  very  extensively  noti< 
throughout  the  Wasatch  region.  A  broad  belt  of  sand  dunes  stretc 
diagonally  across  the  southern  portion  of  our  district,  ending  at  Sai 
Creek  Pass.  Traveling  toward  the  eastern  edge  of  the  Wasatch  exj 
ure,  we  find  everything  rendered  indistinct  by  masses  of  loose  drift  st 
tered  over  the  valleys  and  bluffs.  West  of  Creston  station  we  obtai 
comparatively  good  view  of  the  lower  portions  of  the  group.  Here 
sandstones  are  decidedly  amplified  as  compared  to  those  farther  noi 
and  the  arenaceous  shales  and  mails  are  well  developed.  Large  mas 
of  crystallized  selenite  are  scattered  over  the  bluffs  and  hill-sides,  c< 
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them,  from  their  position  and  character,  as  analogous  to  the  Fuerco 
marls  of  New  Mexico  and  Colorado.  The  series  of  upper  sandstones  and 
shales  reaches  a  thickness  of  about  000  feet.  Within  this  region  a  num- 
ber of  volcanic  eruptions  have  taken  place.  North  and  northeast  of 
Salt  Wells  several  buttes  occur,  forming  prominent  features  in  the 
landscape.  Essex  Mountain  is  one  of  these.  From  its  summit  we  can 
trace,  by  the  color,  the  extension  of  the  Wasatch  Group.  At  this  lo- 
cality the  strata  have  assumed  a  horizontal  position,  farther  north 
a  very  gentle  southerly  dip.  Toward  the  west  the  area  of  the  group 
is  closed  by  the  sui>erposition  of  Green  River  beds.  East  and  north 
the  same  strata  spread  widely.  Following  the  trend  of  the  outcrop- 
ping volcanics  we  advance  toward  the  railroad  in  a  southeasterly  line. 
After  crossing  a  creek,  which  on  some  maps  is  designated  as  Sulphur 
Creek,  we  gradually  rise  to  the  highest  elevations  which  the  Wasatch 
attains  in  his  region.  Descending  from  a  north  to  south  ridge  we  see 
before  us  the  wide  expanse  of  Red  Desert*  A  perfectly  level  valley  of 
oval  shape  is  surrounded  on  all  sides  by  low  bluffs.  Toward  the  north 
the  color  of  the  soil  is  perfectly  white,  but  farther  south  it  turns  to  a 
brilliant  red.  Not  a  drop  of  water  is  found  in  that  entire  section  of 
country.  The  red  color  of  the  desert-like  depression  is  derived  from  the 
upper  members  of  the  Wasatch  series.  Northeast  of  Red  Desert  wo 
find  the  extensive  series  of  depressions  which  have  been  comprised 
under  the  name  of  Shoshone  Ba.sin.  This  appellation  is  given  as  a  purely 
topographical  one,  without  reference  to  the  gcognostic  structure  of 
the  region.  Wo  find  northward  of  Trail  Lake  a  number  of  others  within 
the  area  of  the  same  group.  In  this  vicinity  the  strata  are  very  reg- 
ular in  their  arrangement.  A  very  slight  dip  toward  the  basin,  together 
with  a  general  inclination  southward,  may  be  observed,  however.  North- 
west of  Trail  Lake,  near  the  base  of  Station  21,  the  marls  arc  again  ex- 
posed. From  a  loug  distance,  even,  may  they  be  recognized  by  their 
characteristic  coloring.  Typical  mmtvaises  terres  are  caned  out  of  the 
marls  at  this  locality. 

Northeast  of  Trail  Lake  the  strata  continue  in  regular  succession, 
showing  a  blight  red  color  near  the  upper  portions  of  the  bluffs.  This 
is  due  to  the  burning  of  coal  beds.  Ry  this  process  the  shales  thus 
changed  have  been  rendered  less  liable  to  disintegration,  so  that  the  red 
color  is  essentially  confined  to  a  narrow,  almost  horizontal  band.  A  num- 
ber of  small  lakes  and  several  dry  lake-beds  were  found  here,  still  belong- 
ing  to  the  depression  of  the  Shoshone  Rasin.  Near  one  of  these  a  large 
number  of  mud  springs  were  found,  which  shall  be  referred  to  again 
below.  So  far  as  we  coidd  determine,  the1  thickness  of  the  upper  portion 
of  the  Wasatch  diminishes  considerably  as  we  approach  the  Sweetwater. 
Examining  the  most  northerly  outcrops  of  the  group  we  find  that  it  ends 
in  a  succession  of  small  bluffs  as  we  reach  the  metamorphio  and  Prozoic 
area.  A  little  farther  east,  along  the  southern  slope  of  the  Sweetwater 
Ilills,  the  junction  is  obscured  by  drift  and  accumulations  of  sand. 

This  latter  feature  is  one  which  was  very  extensively  noticed 
throughout  the  Wasatch  region.  A  broad  belt  of  sand  dunes  stretches 
diagonally  across  the  southern  portion  of  our  district,  ending  at  Sandy 
Creek  Pass.  Traveling  toward  the  eastern  edge  of  the  Wasatch  expos- 
ure, we  find  everything  rendered  indistinct  by  masses  of  loose  drift  scat- 
tered over  the  valleys  and  bluffs.  West  of  Creston  station  we  obtain  a 
comparatively  good  view  of  the  lower  portions  of  the  group.  Here  the 
sandstones  are  decidedly  amplified  as  compared  to  those  farther  north, 
and  the  arenaceous  shales  and  marls  are  well  developed.  Large  masses 
of  crystallized  selenite  are  scattered  over  the  bluffs  and  hill-sides,  com- 
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potsed  of  the  latter,  producing  a  very  brilliant  effect  of  reflection  in  the 
sunlight.  East  of  Oreston  we  ait)  once  more  fairly  in  the  Laramie  Group. 
Isolated  beds  of  the  former  occupy  some  of  the  higher  points  east  of  the 
liorder  of  the.  Wasatch;  but  the  upper  members  of  the  Laramie  and  the 
lower  ones  of  the  Wasatch  are  so  very  much  alike  that  it  is  almost  an 
impossibility  to  separate  them.  Within  the  region  where  we  had  occa- 
sion to  observe  these  two  groups  in  contact,  I  noticed  no  evidence  of 
jiuy  unconformability.  Indeed,  it  was  often  only  by  the  aid  of  the  higher, 
colored  l>eds  that  I  was  enabled  to  draw  the  dividing  line. 

80  far  as  could  be  determined,  the  Wasatch  beds  reach  northward 
very  nearly  to  the  granites  between  Sweetwater  and  Whiskey  Gaps. 
Prom  there  westward  their  limits  are  determined  first  by  the  Sweetwater 
<  Troup  and  then  by  the  Green  River  series.  On  the  east  side  the  termi- 
nation of  the  Wasatch  is  characterized  by  the  appearance  of  the  Laramie. 

Section  XVI*  illustrates  the  relative  positions  of  the  groups  above  dis- 
cussed. The  older  strata,  which  make  their  appearance  farther  south, 
are  represented  as  taking  part  in  the  anticlinal  upheaval  (D),  which 
terminates  directly  north  of  Salt  Wells.  Colorado  shales  (e)  are  the  old- 
est beds  exposed  on  the  surface.  Dipping  off  in  either  direction  we  find 
the  Fox  Hills  series  (/).  This  is  overlaid  by  Laramie  (g).  Both  the 
upper  (n)  and  the  lower  (0)  horizons  in  winch  coal  is  found  have  been 
marked. 

Covering  the  Laramie,  after  a  short  area  of  out-crop  to  the  west,  a 
longer  one  to  the  east,  we  find  the  Wasatch  Group  (h).  Eastward  this 
forms  a  shallow  synclinal  basin.  This,  taken  in  connection  with  the 
general  dip  to  the  southward,  produces  the  Shoshone  Basin.  Green 
River  beds  (i)  overlie  the  Wasatch  to  the  westward,  but  farther  east  are 
found  only  in  scattered  remnants  along  this  line.  Basaltic  eruptions  (k) 
have  been  represented.  They  occur  quite  frequently  in  the  Wasatch. 
Two  extensive  drift-areas  (I  and  m)  are  found  in  the  Shoshone  Basin 
and  on  Packer's  Creek,  the  latter  being  west  of  the  anticlinal. 

Some  very  interesting  information  may  be  obtained  regarding  the  dis- 
tribution of  these  groups  from  the  section  of  artesian  wells  bored  along 
the  Union  Pacific  Railroad.t  The  greatest  depth  reached  by  boring 
along  this  portion  of  the  road  is  at  Rock  Springs,  1,154  feet.  This  pene- 
trates the  entire  Laramie  Group  and  reaches  down  far  into  the  Fox  Hill 
series.  From  the  data  here  obtained,  the  position  of  the  Wasatch  ap- 
pears to  be  constant,  and  the  distribution  of  coal,  in  two  horizons,  to 
remain  equally  so. 

Mad  springs. 

It  has  been  mentioned  above  that  near  one  of  the  lakes  in  the  Sho- 
abone  Basin  a  large  number  of  mud  springs  were  found.    They  have 
been  partially  described  in  the  itinerary.    On  the  eastern  shore  of  Death 
take  we  observed  mounds  shaped  like  bee-hives,  which  generally  con- 
tained a  circular  opening  near  the  top  filled  with  muddy  water.    They 
are  located  about  50  feet  above  the  lake  surface,  but  extend  downward 
to  the  water's  edge.    Witliin  the  region  there  is  no  flowing  surf ace-water. 
We  found  that  the  mounds  varied  from  a  few  inches  in  height  to  about 
15  feet.    None  were  found  containing  water  higher  than  4  feet.    They 
wc  circular  or  oval  upon  cross-section,  and  the  opening  containing  the 
crater  adapts  itself  to  the  shape  of  the  mound.    A  mound  of  4  feet  in 

*  l  may  here  state  that  none  of  tho  sections  are  prepared  on  scale,  owing  to  the  want 
of  a  reliable  map. — E. 

tBiulHin  U.  S.  Geol.  Surv.,  vol.  iii.,  No.  1,  Dr.  Hayden  "On  Artesian  Borings,"  &e., 
p.  V$L 
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hight  will  be  about  G  feet  in  diameter  at  the  base  and  2  feet  at  the  top. 
The  water  comes  up  to  the  top  within  about  a  quarter  or  an  eighth  of  an 
inch.  It  is  cold  and  muddy,  containing  exceedingly  fine  silt  and  gelatin- 
ous mud  in  suspension.  Ui>on  watching  the  surface  of  the  water  an  oc- 
casional rise  of  a  bubble  can  be  seen,  which  disturbs  it  Then  a  smsill 
amount  may  flow  over  onto  the  upper  rim  of  the  cone  containing  it. 
The  moisture  here  deposited  soon  evaporates,  but  the  mud  and  silt  re- 
main. In  this  manner  the  mounds  are  formed.  If  they  attain  a  height 
of  more  than  4  or  5  feet,  the  upper  opening  begins  to  close,  and  finally 
nothing  remains  but  an  accumulation  of  mud. 

This  mud  is  entirely  destitute  of  vegetation,  and  exceedingly  loot* 
when  dry.  An  animal  will  sink  in  deeply  while  passing  over  it.  Spring* 
were  seen,  containing  a  water-opening  of  only  a  few  inches  in  diameter, 
but  one  was  found  which  measured  fully  30  yards.  Varying  from  the 
others,  the  water  was  here  not  exposed  upon  the  surface,  but  a  iilm  of 
tine  mud  had  formed  over  it*  It  was  found  that  the  consistency  of  the 
mud  mixture  was  sufficiently  great  to  sustain  a  crust  of  several  inches 
in  thickness.  Any  object  weighing  enough  to  break  through  the  cover- 
ing could  be  thrown  upon  it  and  would  immediately  sink  out  of  sight. 
We  were  not  prepared  to  take  soundings,  but  established  the  fact  thai 
many  of  the  cylindrical  tubes  containing  the  mud-water  were  more  than 
10  feet  in  vertical  depth.  At  least  for  that  distance  an  old  lodge-pole 
which  we  happened  to  find  could  readily  be  introduced.  Breaking  open 
a  small  mound,  which  showed  an  aperture  of  about  3  inches  in  diameter, 
it  was  seen  that  the  cylinder  is  lined  with  a  coating  of  very  fine  blue 
mud,  about  half  an  inch  in  thickness.  The  question  soon  arose,  was  the 
water  held  in  its  position  by  hydrostatic  pressure,  or  was  an  accumulation 
of  some  kind  of  gas  the  cause  of  its  rise  in  the  tubes.  A  rifle-ball  shot 
down  vertically  into  one  of  the  openings  produced  a  sudden  eruption  of  the 
whole  mass.  Water  and  mud  were  thrown  to  a  height  of  about  10  feet, 
covering  the  luckless  experimenter  from  head  to  foot.  From  a  safer 
distance  the  trial  was  several  times  repeated  and  almost  always  followed 
by  the  same  result.  After  everything  quieted,  the  water  was  found  to 
stand  from  2  inches  to  8  inches  lower  in  the  tube  than  before.  Crude  as 
this  test  may  be,  it  shows  the  presence  of  gas  at  some  depth,  held  there 
under  mechanical  pressure.  Probably  some  chemical  decomposition  fur- 
nishes the  gas,  which  has  given  rise  to  the  formation  and  perpetuation 
of  these  springs.  We  estimated  their  number  at  about  400,  covering  an 
area  of  about  half  a  square  mile.  Innumerable  bones  of  animals,  who 
here  sought  to  quench  their  thirst,  prove  the  treacherous  character  of 
the  soil.  Frequently  the  surface,  which  appears  perfectly  dry  and  solid, 
may  be  shaken  by  the  foot  for  more  than  20  feet.  The  entire  place  is 
undermined  and  filled  with  muddy  water,  so  that  it  requires  some  care 
to  get  over  it  without  mishap.  None  of  the  mud  springs  that  have  here- 
tofore been  discovered  seem  to  possess  exactly  the  same  character  as 
.  these,  nor  are  they  so  extensive. 

Qreen  River  Group. 

As  indicated  in  Section  XVI,  the  Green  Kiver  beds  follow  directly 
•  upon  the  Wasatch  series.  Packer's  Creek  flows  in  a  southerly  direction 
into  Bitter  Creek,  a  short  distance  east  of  liock  Springs.  West  of  it  we 
observe  a  high  ridge  composed  of  the  light  Green  Kiver  shales.  A  gentle 
dip  to  the  westward  is  soon  obliterated  and  the  strata  continues  very 
nearly  horizontally.  This  slight  inclination  continues  for  a  long  distance 
westward.    Early  erosion  has  removed  large  masses  of  the  strata  be- 
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longing  to  tliis  group,  and  we  therefore  find  the  Wasatch  exposed  for  a 
number  of  miles  upstream.  Eastward  the  Green  Uiver  makes  a  sharp 
turn  and  passes  north  of  Essex  Mountain.  It  there  shows  a  very  small 
southwesterly  dip;  continuing  northward  we  find  the  group  thining  out 
very  decidedly.  It  extends  up  to  Station  21,  overlying  Wasatch.  This 
point  may  essentially  be  regarded  as  its  northeastern  termination.  From 
there  the  northern  line  of  outcrop  runs  in  a  direction  south  of  west,  and  the 
eastern  one  about  southeast.  Remnants  of  Green  River  IkmIs  are  left 
on  the  Wasatch  at  several  places,  showing  that  the  group  at  one  time 
covered  a  much  more  extensive  urea. 

In  this  section  of  our  district  the  lower  members  of  the  group  arc  com- 
posed of  gray  and  bluish  shales,  more  or  less  calcareous  and  arenaceous. 
Higher  up  we  find  yellow  and  light  brown  shales,  mostly  very  sandy, 
but  containing  strata  of  impure,  argillaceous  limestones.  Above  these 
follow  concretionary  sandstones  and  shales,  of  yellow  and  rusty  brown 
color.  The  former  contain  one  very  prominent  horizon  of  siliceous  ma- 
terial, appearing  in  the  form  of  chalcedony  and  agate.  Near  the  base  a 
thin  stratum  of  oolite  was  found.  It  shows  the  single  grains  of  con- 
centric structure  firmly  cemented  by  quartz.  Another  similar  bed  was 
observed  higher  up  in  the  shales,  where  the  oolite  was  associated  with 
large  quantities  of  silieified  wood.  Emmons  has  found*  a  similar  oc- 
currence of  oolite  near  the  base  of  the  Green  River  series  at  a  locality 
south  of  Red  Desert  Station.  It  varies  somewhat  in  character  from  that 
which  we  observed,  being  of  a  gray  color  and  containing  calcium  car- 
bonate. The  specimens  we  found  are  red,  brown,  and  yellow,  and  siliei- 
fied throughout.  It  was  observed  about  28  miles  west  of  north  of  Red 
Desert  Station.  The  higher  horizon  was  noticed  on  Station  21.  It 
does  not  appear  that  the  band  extends  for  any  considerable  horizontal 
distance.  Near  the  base  of  the  series  we  find  the  characteristic  deposits 
which  have  been  designated  as  "paper  shales."  It  is  probably  not  in- 
tended that  this  term  should  be  synonymous  with  the  German  "  Vnpp- 
decket-Schicfer"  (pasteboard  slates),  but  in  point  of  fact  the  latter  variety 
does  here  occur.  They  arc  composed  of  extremely  thin,  tough  lamina*,' 
which  exfoliate  uihmi  exposure.  In  this  condition  they  closely  resemble 
pasteboard  which  has  been  soaked  in  water.  Roth  when  compact  and 
decouijiosed,  they  are  more  or  less  flexible.  Mainly  calcium  carbonate^ 
aluminium  silicate,  and  minute  grains  of  clear  quartz  compose  them. 
Frequently  they  are  bituminous,  sometimes  sufficiently  so  to  bum.  As- 
sociated with  these  peculiar  shales  we  found  numerous  banks  of  "comv 
in-cone"  (Nagel-Kallc  of  Germans).  Their  horizon  is  about  .'>50  feet  above 
the  base  of  the  group.  Together  with  them,  and  a  little  higher  up,  re- 
mains  of  fishes  were  observed.  Unfortunately  the  shales  were  there 
(north  of  Mount  Essex)  so  thoroughly  decomposed  and  disintegrated 
that  no  good  s]>ecimens  could  be  obtained. 

It  has  been  mentioned  in  previous  pages  that  the  Green  River  Group 
shows  a  general  thinning  out  toward  the  north.  Not  only  do  the  lower 
shales  decrease  in  vertical  dimensions,  but  the  upi>cr  sandstones  become 
very  much  thinner.  West  of  Packer's  Creek  we  find  the  total  thickness 
iff  the  Green  River  series  to  be  1,700  to  1,800  feet.  Of  these  the  upper 
sandstones  with  their  shales  occupy  about  800  to  000  feet,  and  the  arena- 
ceous beds  near  the  base  about  150  to  200.  This  leaves  an  average  thick- 
ness of  700  to  800  feet  for  the  shales.  Approaching  the  northern  termi- 
nation of  the  group  its  total  thickness  amounts  only  to  about  1,200  feet* 
100  to  150  feet  of  lower  sandstones  and  arenaceous  shales,  050  to  700 
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feet  of  shales,  and  350  to  400  feet  for  the  upper  sandstone  series.  At 
many  places  this  latter  has  been  totally  removed  by  erosion,  leaving 
nothing  but  the  shales  to  occupy  the  highest  points. 

Throughout  the  region  the  beds  of  the  Green  River  series  show  a 
characteristic  style  of  weathering.  Wherever  the  progress  of  erosion, 
either  fluviatile  or  atmospheric,  is  very  slow,  there  the  outlines  presented 
by  members  of  this  group  are  gently  rounded.  If  the  erosive  agents 
are  more  active,  steep,  picturesque  forms  result.  Tables  and  bnttes, 
resembling  those  near  Green  River  City  in  general  structure,  are  found 
in  the  western  portion  of  our  distinct.  From  the  lithological  character 
of  the  strata  we  may  infer  that  the  lower  series  was  deposited  into  deep, 
still  water,  while  the  upj>cr  essentially  represents  shore  deposits.  Very 
few  fossils  were  obtained,  and  these  only  fragmentary,  for  the  reason 
that  the  shales  were  too  much  decomposed  and  we  could  not  spare  any 
time  for  the  purpose  of  excavating.  It  seems,  too,  that  the  localities 
farther  west  and  southwest  contained  a  much  more  extensive  fauna  than 
the  eastern  ones.  In  Northern  Colorado  and  other  regions  to  the  east- 
ward, the  Green  River  Group  is  almost  entirely  destitute  of  palreoutolog- 
ical  remains. 

Bridget  Group. 

In  1870  Dr.  Hayden  found  a  number  of  outcrops  of  the  Bridgcr  Group 
on  the  drainage  of  the  Bandies.  From  his  description  it  appears  that 
they  were  superimposed  upon  the  Green  River  series.  Within  our  dis- 
trict a  number  of  exposures  were  observed  that  have  been  referred  to 
the  Bridgcr.  Forming  the  summit  of  Station  21  we  found  a  series  of 
light-colored  clays  and  shales,  partly  calcareous.  In  these  a  few  leaves 
occurred,  numerous  specimens  of  Lyimuva,  and  remains  of  turtles.  The 
color  of  the  beds  containing  them  is  either  white,  yellow,  or  very  light 
pink.  Toward  the  west  the  summits  of  Steamboat  Buttes  are  composed 
of  the  same  material.  It  was  found  that  wherever  the  bluffs  rose  several 
hundred  feet  above  the  general  upper  level  of  the  western  portion  of 
our  district,  the  highest  portions  were  found  to  bo  composed  of  Bridger 
strata.  An  enormous  amount  of  erosion  has  taken  place  in  this  region, 
and  has  broken  all  continuity  between  the  outcrops.  Enough  was  seen, 
however,  to  let  it  appear  certain  that  the  entire,  area  was  here  at  one 
time  covered  with  a  sheet  of  Bridger  beds  extending  nearly  to  the  base 
of  the  Wind  River  Mountains  and  reaching  northeastward  beyond  Sta- 
tion 21.  Both  to  the  north  and  east  the  beds  appear  to  thin  out.  The 
more  northerly  outcrops  of  both  the  Green  River  and  Bridger  Groups 
participate  in  the  prevailing  slight  southerly  dip,  amounting  from  1°  to 
4°.  Remains  of  turtles,  probably  Trionyx,  were  found  at  a  number  of 
localities  where  the  Bridger  was  exposed,  and  below  them  Mr.  Howes 
obtained  a  specimen  apparently  belonging  to  Crocodilus.  Owing  to  the 
erosion  of  the  entire  region  we  find  only  the  lower  portions  of  the  Bridger 
series.  As  a  maximum  thickness  which  this  attains  in  our  district  we 
may  regard  500  feet.  Toward  the  south  and  southwest  it  grows  much 
thicker,  after  passing  beyond  the  limits  of  the  area  we  surveyed. 

Pliocene  Group. 

Within  the  narrow  depression  between  the  subsidiary  Prozoie  Range 
and  the  western  base  of  the  Wind  River  Mountains,  we  find  a  local  de- 
posit which  is  probably  of  Pliocene  age.  The  valley  is  of  narrow  ellip- 
tic shape,  trending  about  northwest  to  southeast  It  is  filled  with  a 
loose  white  and  yellow  deposit  of  clays  and  marls.    Some  arenaceous  beds 
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occur  near  the  base.  Stratification  is  not  very  apparent  in  it.  At  some 
points,  where  the  granites  of  the  lower  range  form  gaps,  the  white,  chalk- 
like bluffs  extend  southward  for  a  short  distance.  So  far  as  could  be 
determined,  they  are  unconformable  with  the  Green  River  series,  which 
they  join  along  the  Little  Sandy  Creek.  At  some  points  the  imperfectly 
deiined  strata  of  this  Pliocene  series  show  a  dip  of  2°  and  3°  to  the 
northeast.  About  5  miles  east  of  the  Little  Sandy  it  ends,  very  near 
South  Pass.  It  seems  as  if  portions  of  it  had  formerly  extended  farther 
east  and  south,  but  had  been  removed  by  erosion.  No  fossils  were  found, 
bat  some  specimens  of  a  small  Pupa.  At  no  place  do  we  find  a  favora- 
ble section  of.  the  group,  and  an  estimate  of  its  thickness  is  therefore 
necessarily  not  very  reliable.    I  regard  it  as  about  300  feet. 

Wyoming  conglomerate. 

Wherever  we  find  Tertiary  strata  which  have  been  but  little  disturbed 
tyr  subsequent  erosion,  we  observe  extensive  dej>osits  of  this  loose,  irreg- 
ular conglomerate.    Along  the  southern  slope  of  the  Sweetwater  Mount- 
aius  it  is  very  abundant,  totally  obscuring  the  junction  lines  of  the 
different  groups.    On  the  summit  of  Station  21  it  is  found  as  a  small 
remnant,  about  12  feet  in  thickness,  forming  the  very  highest  point. 
Indians  had  here  built  up  a  small  "lookout"  with  the  bowlders.    Now 
this  is  disturbed,  as  our  monument  occupies  its  place.    Upon  the  sum- 
mits of  some  of  the  higher  Tertiary  hills  this  conglomerate  affords  the 
ouly  material  for  such  purposes,  as  the  strata  weather  into  small  frag- 
ments, leaving  no  bowlders  of  sufficient  size.    Table  Hills  and  Steam- 
boat Buttes,  a  little  farther  west,  are  covered  with  the  same  material. 
At  these  places  some  of  the  metamorphic  bowlders  are  so  large  that 
they  may  have  been  and  probably  were  transported  by  ice.    Within  the 
Pliocene  valley  west  of  South  Pass  the  same  conglomerate  occurs  in 
abundance.    It  is  scattered  to  a  greater  or  less  extent  all  over  the  coun- 
try which  has  l>ecn  subjected  to  extensive  erosion.    Having  been  removed 
from  the  regions  where  it  was  first  deposited,  it  was  dropped  in  the  di- 
rection taken  by  the  waters  which  so  greatly  modified  the  surface  of  the 
country.    Although  our  observations  are  somewhat  imperfect  on  account 
of  the  erosion  following  the  regular  deposition  of  Tertiary  groups,  I  am 
inclined  to  regard  the  maximum  accumulation  of  this  conglomerate  as 
occurring  along  the  shores  of  the  former  Tertiary  lakes. 

ERUPTIVES. 

Mention  has  been  made  of  the  eruptives  which  form  a  series  of  hills 
and  bluffs  north  and  northeast  of  Salt  Wells.  Mount  Essex  is  the  prin- 
cipal one  of  these.  A  high  bluff  is  formed  by  volcanic  material  which 
bus  been  ejected  through  the  strata  of  the  Wasatch  Group.  Sloping 
gently  to  the  northward,  we  find  th  it  the  summit  is  essentially  a  small 
plateau,  containing  one  prominent,  conical  point.  To  the  south  and  east 
the  mountain  presents  vertical,  rocky  faces,  which  surmount  a  steep,  fur- 
rowed slope.  The  rock  is  dark  gray  to  black,  more  or  less  vesicular,  and 
contains  small  crystals  of  augite  and  biotite.  Immediately  south  of 
Essex  Mountain  is  a  table-topped  hill,  which  on  some  maps  is  marked 
m 4*  Black  Butte."  Here  the  lava  has  escaped  through  a  fissure  trend- 
ing about  north  45°  west,  and  has  covered  the  Wasatch  beds  with  about 
400  feet  of  black  rock.  It  is  somewhat  columnar,  and  presents  a  nearly 
vertical  face  on  all  sides.  West  of  Essex  Mountain,  on  the  drainage  of 
Packer's  Creek,  is  an  isolated  needle  of  basalt,  known  as  Hock  Points 
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It  is  about  250  loot  high,  lias  a  very  narrow  base,  and  forms  a  prominent 
feature  in  the  landseai>e.  Southeast  of  the  mountain  we  observe  a  limn- 
l)er  of  similar  buttes,  which  approximately  follow  a  course  of  east  45° 
south.  Most  of  them  are  table-topped  hills,  from  GOO  to  000  feet  in  height- 
showing  volcanic-  caps  of  varying  thicknesses.  They  may  be  estimated 
at  200  to  700  feet. 

More  interesting  than  the  table-topped  lulls  was  one  occurrence  at 
Ilasalt  Springs.  There  a  ridge,  trending  south  of  east  and  composed  of 
Wasatch  beds,  was  covered  with  an  extensive  flow  of  basaltoid  rock. 
On  the  summit  of  the  ridge,  .three  cone-shaped  hills  were  noticed 
standing  in  its  strike.  One  of  these  presented  the  aspect,  of  a  crater, 
while  the  other  two  resembled  the  highest  point  of  Mount  Essex.  Along 
the  northern  slope  of  the  ridge  the  volcanics  were  broken  off  abruptly, 
and  tumbled  down  the  side  in  most  chaotic  masses.  Huge  bowlders, 
weighing  hundreds  of  tons,  were  piled  on  top  of  each  other,  and  coin- 
poscd  the  slope  directly  below  the  vertical  face  of  the  rock  in  situ.  It 
was  found  that  a  process  of  undermining  has  caused  a  removal  of 
Wasatch  beds,  and  that  the  overlying  lava  had  fallen  down  into  the  exca- 
vation thus  produced.  Near  the  unbroken  northern  edge  of  the  ridge 
the  last  lissure  formed  by  this  separation  was  observed.  It  extended  In 
a  nearly  straight  line  for  several  hundred  yards^  was  over  40  yards  deep, 
ami  not  more  than  20  feet  wide  at  the  top,  practically  closed  below.  The 
movement  of  this  huge  mass  was  evidently  arrested  by  the  accumulated 
bowlders  on*  the  slope  a  little  lower  down. 

These  buttes  and  hills  furnish  an  indication  of  the  extent  of  erosion 
which  took  place  in  this  region.  Through  iissnres  having  a  strike  paral- 
lel among  themselves,  the  lava  was  ejected  and  poured  over  the  level  of 
the  Wasatch,  and,  in  part,  Laramie  strata.  Probably  the  several  areas 
of  eruption  were  disconnected  from  the  beginning.  Fluviatile  erosion, 
shaping  its  course  in  accordance  with  the  horizontal  distribution  of  this 
hard  rock,  cut  deep  valleys  along  such  places  where  it  could  successfully 
attack  the  beds.  By  undermining  the  volcanics  a  diminution  of  their 
area  was  achieved  and  they  were  forced  to  assume  the  peculiar  forms 
that  iit  present  characterize  them.  Tendency  to  columnar  structure,  or 
the  pronounced  development  thereof,  greatly  aided  the  formation  of  ver- 
tical faces  in  the  lavas.  After  the  masses  had  fallen,  their  removal  and 
transportation  were  effected  by  the  samfe  agents  that  excavated  the  val- 
leys. In  the  case  of  the  Basalt  Springs  ridge  they  were  individually 
too  huge  to  be  attacked,  therefore  retain  their  original  position. 

Upon  critical  examination  we  find  that  the  volcanics  of  these  hills 
show  highly  interesting  features.  Some  of  them  are  gray  and  graytsh- 
brown,  showing  a  imcrocrystallinegroundmass,  with  no  visible  segregated 
mineral  but  biotite;  others  are  decidedly  basaltic  and  contain  olivine. 
During  the  progress  of  the  Fortieth  Parallel  Survey  this  region  was 
visited  and  the  rocks  subjected  to  microscopical  examination.  The  first- 
mentioned  variety  proves  to  be  a  leucitophyrite.*  It  appears  that  the 
grouudmass  is  composed  entirely  of  minute  crystals  of  leucite.  This 
occurrence  is  one  of  great  interest,  inasmuch  as  it  forms  the  first  one 
of  this  character  on  the  North  American  continent.  In  Europe,  the 
leucite  rocks  have  attained  great  celebrity  on  account  of  their  unique 
character  as  well  as  on  account  of  the  beautiful  crystals  they  contain. 

By  the  discoverers  of  the  peculiar  mineralogical  constitution  of  these 
erupt  i  ves,  the  entire  series  of  hills  has  been  named  "  Leucite  Hills."  At 
Mount  Kssex  I  observed  the  most  typical  leucitophyrite.    It  seems  to  be 
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vety  ultimately  associated  with  the  basalts  of  the  immediate  surround- 
ings. An  analysis  of  a  specimen  from  this  locality  is  appended,  which 
shows  a  remarkable  similarity  of  composition  with  some  of  the  P^uropean 
lencites.* 

HiKca 54.42 

Altuniiia 13.37 

Ferric  oxide 0.61 

Kerroua  oxide 3.58 

Lime 4.38 

Magnesia G.37 

Sod*. 1.60 

rotaaui '. 10.73 

Lithia trace. 

Carbonic  acid 1.82 

Water 2.76 

99.58 
POST-TEETIABY  EROSION. 

The  extent  and  distribution  of  post-Tertiary  erosion  indicates,  in  a 
measure,  the  condition  of  the  surface  after  the  close  of  Tertiary  sedimenta- 
tion. We  find  that  south  of  the  Wind  River  Mountains,  enormous  masses 
of  beils  have  been  removed  in  a  southwesterly  direction.  This  is  in  con- 
formity with  the  general  dip  of  the  strata,  as  here  exhibited.  Deep, 
wide  valleys  have  been  cut  into  the  readily  yielding  material,  apd,  indeed, 
the  majority  of  the  higher  beds  have  been  entirely  removed.  South  of  the 
Sweetwater  Hills  the  drainage  has  carried  away  less  material  than  farther 
west,  owing,  no  doubt,  to  the  comparatively  short  course  of  the  ancient 
tftreams.  While  those  flowing  toward  the  Sweetwater  found  an  opening 
to  permit  their  passage  for  an  unlimited  distance,  the  southward  drain 
age  was  arrested  by  the  existence  of  a  shallow  basin.  Pouring  into  this 
the  water  was  retained  in  a  series  of  lakes.  From  the  western  as  well 
as  eastern  rim  of  this  depression  the  streams  flowed  into  the  Paciiic  and 
Atlantic  Oceans  respectively.  They  cut  away  large  portions  of  the  strata  • 
leaving  isolated  remnants  of  younger  groups  suj>erimposed  upon  the 
older  ones.  Within  the  Shoshone  Ba«in  the  formerly  existing  streams 
have  formed  narrow  valleys,  bordered  by  steep  b1.  tills,  and  showing  ex- 
ceedingly gentle  slopes.  No  doubt,  a  considerable  number  of  square 
miles  were  there  at  one  time  covered  by  bodies  of  standing  water.  The 
u  flats"  we  find  to-day  are  ample  evidence  thereof.  East  of  the  bas'n  the 
drainage  was  essentially  a  north  to  south  one,  following  the  strike  of  the 
strata  and  receiving  tributaries  from  the  east  along  the  slope  of  the 
anticlinal  uplift  Although  a  very  large  quantity  of  material  has  here 
lieen  carried  away,  the  process  of  denudation  was  not  so  extensive  as 
farther  west.  To  tne  eastward  of  the  anticlinal  ridge  mainly  two  great 
valleys,  trending  north  and  south,  were  produced  by  early  erosion.  One 
of  them,  certainly,  and  probably  both  contained  lakes  of  large  dimensions. 

We  observe  from  this  that  the  younger  Tertiary  Groups  probably 
occupied  a  much  greater  area  to  the  east  than  they  do  now.  Westward 
the  younger  beds  showed  a  more  decided  development  and  rose  to  higher 
absolute  elevation. 

GLACIATION. 

In  the  vicinity  of  Table  Hills  and  Steamboat  Buttes  we  find  deposits 
tif  erratic  material  that  appears  to  have  been  transported  by  ice.  Huge 
blocks  of  granite  and  scliists  occupy  the  summits  and  higher  ridges. 
distributed  in  an  irregular  arrangement.    Some  of  them  have  rolled 
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down  into  the  lower  country  and  appear  as  lost  strangers  amid  the 
recent  Tertiary  deposits.  They  extend  for  some  distance  eastward.  Dr. 
Hay  den  says  of  them:  "The  immense  quantities  of  granite  bowlders, 
red  and  gray,  •  •  •  must  have  been  swept  down  from  the  Wind 
River  Mountains.  Some  of  these  granite  masses  are  10  to  15  feet  in 
diameter;  others  are  sunk  so  deep  in  the  earth  that  they  appear  to  be 
in  place."  If  they  be  regarded  as  glacial,  I  should  consider  them  due 
to  the  effects  of  the  extensive  ice-field  which  left  its  ground  moraine* 
near  Camp  Stambaugh.  It  passed  downward  from  the  southern  end  of 
the  range,  and  may  have  extended  across  the  gulfs  which  now  separate 
the  erratic  bowlders  and  the  well-detined  moraines.  As  the  former  ap- 
pear only  sporadically,  not  following  any  definite  horizontal  arrangement, 
I  do  not  class  them  among  moraines,  but  consider  them  as  "  scattered 
glacial  drift.''  Probably  they  were  carried  south  ward  to  a  region  where 
the  glaciers  had  lost  the  greater  portion  of  their  terminal  moraines,  and 
found  no  material  for  the  formation  of  others.  Thus,  then,  do  these 
rocks  indicate  the  extreme  sourthern  limits  which  were  reached  by  the 
moving  ice-fields  of  the  Wind  River  Range. 

LAKE  DEPOSITS. 

From  the  structure  of  this  southern  area,  and  from  the  features  ex- 
hibited by  nost-Tertiary  erosion,  we  may  expect  to  find  a  large  quantity 
of  lake-beds.  In  the  Shoshone  Basin  the  majority  of  them  are  located. 
We  observe  there  a  number  of  lakes  which  contain  water  throughout 
the  entire  year,  although  receiving  supplies  during  only  a  few  months. 
In  almost  every  instance  it  was  seen  that,  within  comparatively  recent 
times,  their  horizontal  extent  was  much  greater  than  it  is  now.  Slight 
rises,  separating  perhaps  a  dry  bed  from  a  lake,  were  rhen  overflowed, 
and  large  bodies  of  water  appeared  on  the  surface  when*  now  we  find 
only  smaller  ones  or  none  at  all.  On  the  surface  the  lake  dei>osits  ap- 
pear perfectly  level  or  slightly  concave  accumulations  of  line  arenaceous 
mud  containing  strata  of  sand.  In  case  any  strata  showing  bright  col- 
ors were  cut  by  the  drainage  which  fed  the  former  lakes,  we  find  the 
fact  indicated  by  layers  of  clay  and  sand  exhibiting  red,  brown,  white, 
and  yellow  bands.  White  efflorescences  of  alkali  cover  those  deposits 
whk'h  contain  water  during  a  portion  of  the  year.  Sodium  sulphate  and 
sodium  chloride  compose  the  main  bulk  of  this  "alkali."  Generally  the 
lake  deposits  occupy  depressions  of  oval  form  and  jut  directly  against 
the  surrounding  strata.  Water  entered  these  old  lakes  from  several 
directions  usually,  the  prevailing  one  usually  being  indicated  by  the 
longer  dimensions  of  the  deposits. 

In  case  no  water  has  stood  in  the  depressions  for  a  long  term  of  years, 
the  efflorescences  will  have  disap]H>ared  entirely,  and  nothing  remains 
but  the  sterile  waste  exposing  fine  mud  intermixed  with  some  sand.  An 
instance  of  this  kind  is  presented  by  Red  Desert.  For  centuries,  per- 
haps, no  water  has  been  standing  on  the  old  lake  bottom.  It  is  hard 
ami  firm,  baked  by  the  hot  sun  of  many  successive  summers.  Southeast 
of  Mount  Essex  we  noticed  a  number  of  such  beds.  South  of  the  Sem- 
inole Hills  two  extensive  valleys  show  deposits  of  the  same  nature.  One 
of  them,  lying  between  the  exposure  of  Colorado  shales  and  the  bluff 
formed  by  the  Fox  Hills  series,  is  of  considerable  extent.  The  other  one, 
to  the  westward,  is  smaller. 

Dependent,  to  a  certain  extent,  upon  the  area  of  the  deposits,  is  their 
thickness.  From  temporary  creeks  which  have  cut  narrow  gullies  into 
the  soft  material,  we  find  that  it  exceeds  20  to  30  feet  in  many  places. 
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ftn  the  map  which  will  appear  subsequent  to  this  report  the  lake  depos- 
its are  indicated,  and  it  will  be  seen  that  the  southern  ami  of  our  dis- 
trict was  formerly  much  better  supplied  with  water  than  it  is  to-day.  So 
fiir  as  could  be  determined  from  the  general  level  and  from  the  litholog- 
kal  character  of  the  lake-beds,  they  were  synchronously  tilled  with  water. 
The  persistence  of  some  of  them  as  lakes  to  the  present  time  appears 
to  be  due  entirely  to  the  composition  of  the  deposits  underlying.  Dry 
beds  were  in  close  proximity  to  lakes  of  considerable  size,  and  more  than 
once  were  they  observed  to  show  a  lower  level  than  the  latter.  In  such 
•  case  not  unlrequently  a  more  or  less  complete  saturation  of  the  sub- 
mi  could  be  noticed,  which  indicates  that,  iirst,  it  is  in  hydrological  con- 
neotion  with  that  01  the  lake  close  by,  and,  secondly,  that  the  dry  bed 
is  probably  Hooded  during  the  wet  season.  The  latter  fact  is  pointed  out> 
also,  by  the  existence  of  alkaline  deposits  upon  the  surface. 

DRIFT. 

An  abundant  supply  of  drift  covers  the  southern  portion  of  our  dis- 
trict. Wherever  it  is  composed  of  metamorphic  and  old  sedimentary 
material,  we  may  regard  it  as  redeposited  Wyoming  conglomerate.  The 
sandstones  and  shales  prevailing  in  this  region  disintegrate  readily  and 
form  a  species  of  finely  comminuted  drift  which  is  spread  over  all  the 
Hulls  and  valleys.  Coarse  drift,  in  large  masses,  is  necessarily  of  rare 
occurrence.  It  is  found,  however,  in  the  vicinity  of  all  the  older  forma- 
tions. 

From  the  character  of  the  strata  which  supply  the  material  for  the 
production  of  drift  it  is  evident  that  a  large  quantity  of  it  must  partake 
of  the  character  of  soil.  The  composition  of  this  soil  is  a  good  one  for 
agricultural  purposes,  as  will  readily  be  seen  if  we  consider  the  nature 
of  the  beds  furnishing  it.  Want  of  water,  however,  precludes  the  pon- 
sibility  of  ever  regarding  this  region  as  an  agricultural  one.  Another 
portion  of  the  drift  is  found  in  the  form  of  sand,  which  tonus  extensive 
moving  deposits. 

SAND  DUNES. 

In  previous  pages  allusion  has  been  made  to  the  "sand  belt"  stretch- 
ing diagonally  across  the  southern  portion  of  our  district.  It  may  be 
stated  as  being  70  miles  in  length  and  from  5  to  10  miles  in  width.  Be- 
ginning in  the  west,  near  Packer's  Creek,  it  follows  a  line  north  of  east, 
winch  brings  it  to  the  southern  base  of  Mount  Essex;  widening  from 
there  on,  it  reaches  Trail  Lake ;  passing  on  the  south  side  of  the  lake  it 
extends  to  Death  Lake;  thence  it  passes  over  the  anticlinal  upheaval, 
disappearing  near  the  summit,  and  continues  from  there  to  Sandy  Creek 
Pass,  at  the  eastern  termination  of  the  Seminole  Hills.  On  the  eastern 
side  of  Sweetwater  and  Whiskey  Gaps  we  find  similar  dunes,  although 
they  are  not  so  extensive. 

Composing  these  dunes  we  observe  a  fine  white  and  light  yellow  sand. 
It  is  almost  pure  quartz,  containing  but  slight  admixtures  of  feldspar. 
From  the  disintegrating  sandstones  and  arenaceous  marls,  which  are  so 
prevalent  in  this  southern  area,  atmospheric  precipitation  causes  a  re- 
moval of  the  more  easily  transported  particles.  These  are  the  cementing 
days.  In  this  manner  the  sand  is  left  entirely  free,  scattered  over  the 
lulls  and  bluffs  and  along  the  numerous  slopes.  Westerly  winds  exist 
in  this  region  during  the  greater  portion  of  the  year,  and  are  mostly  very 
violent.  By  them  the  sand  is  picked  up  and  carried  along  in  a  line  indi- 
cating the  greatest  force  of  the  wind.   Wherever  a  gap  occurs  in  a  ridga 
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wiiich  1>reaka  the  force  of  the  wind,  there  we  find  the  greatest  accumu- 
lations of  sand.  It  is  carried  thither,  but  the  wind  is  forced  to  take  an 
upward  course,  and  much  of  the  sand  must  fall.  Near  the  Sweetwater 
and  Whiskey  Gaps,  and  at  Sandy  Creek  Pass,  the  fine  sand  is  blown  up 
upon  the  hillsides  for  a  distance  of  500  to  GOO  feet-  It  is  always  found 
most  abundantly  on  those  hills  which  present  a  lace  to  the  southwest 
The  southern  slopes  are  covered  with  a  thin  layer,  but  upon  them  we 
i-arely  find  an  accumulation  of  dunes.  On  account  of  the  persistency 
of'  the  wind  the  upper  portions  of  this  sand  are  very  loosely  dci>ositedt 
and  are  constantly  shifting.  An  animal  in  passing  over  it  will  sink  in  to 
the  kneevS.  No  vegetation  can  take  hold  on  the  dunes.  At  a  few  places 
depressions  were  found  in  which  the  sand  had  somewhat  hardened,  and 
sagebrush  took  advantage  of  these  occurrences. 

From  a  distance  the  dunes  resemble  the  waves  of  a  "chopped*  sea. 
Sloping  gently  toward  the  west,  each  wave  shows  a  steep  incline  on  the 
opposite  side.  "  Ripple-marks,"  not  distinguishable  in  their  form  froni 
those  produced  by  water,  cover  the  western  slope.  In  very  windy  weather 
a  long-continued  yellow  cloud  of  dust  may  be  seen  along  this  "sand- 
belt."  It  rises  high  into  the  air  and  deposits  its  sand  in  a  line  parallel 
with  the  direction  of  the  wind.  With  but  little  motion  of  the  atmos- 
phere the  movement  of  the  dunes  could  be  favorably  studied.  Rolling 
upward  along  the  western  slope  of  an  individual  dune,  the  particles  of 
sand  steadily  advance  in  parallel,  successive  rows.  Reaching  the  cap 
<>f  the  wave,  each  row  rolls  down  the  eastern  incline,  there  again  to  be 
picked  up  and  marched  farther  eastward. 

An  interesting  occurrence  to  us  was  the  fact  that  many  of  the  lakes 
which  were  located  in  the  immediate  vicinity  of  this  series  of  dunes  con- 
tained water,  while  those  removed  some  distance  from  it  were  dry.  1 
explain  this  by  assuming  that  the  precipitated  moisture,  the  quantity  of 
which  is  small  at  best,  can  more  readily  soak  into  the  sand  and  l>e  re- 
*  tained  for  a  long  time,  preserved  from  evaporation.  In  this  way  small 
springs  or  underground  water-courses  can  be  formed,  which  will  furnish 
the  lakes  near  by  with  a  greater  absolute  quantity  of  water  than  those 
receive  which  are  dependent  upon  surface-drainage  and  direct  precipita- 
tion. Whether  snch  springs  remain  even  only  partially  active  during 
the  entire  summer  is  very  doubtful.  The  quantity  of  water  which  is 
carried  into  the  lakes  during  the  wet  season  is  so  much  in  excess,  how- 
ever, over  that  which  others  receive  having  the  same  drainage  area  that 
it  is  not  reduced  to  the  same  extent  by  evaporation.  Another  factor 
here  enters  into  consideration,  the  capacity  for  saturation.  While  the 
moisture  which  appears  during  the  summer  in  the  form  of  slight  precipita- 
tions, such  as  dew  and  brief  showers,  is  mostly  lost  very  rapidly  by 
evaporation,  the  peculiar  physical  conditions  of  the  sand  permit  it  to  pen- 
etrate to  some  depth.  In  this  manner  the  supply  of  the  lake  is  not 
drawn  upon  by  exhausted  surrounding  beds  of  the  same  level,  and  will 
be  diminished  more  slowly  in  consequence. 

As  a  necessary  consequence  of  the  vicinity  of  these  lakes  to  the  sand 
area,  we  lind  considerable  masses  of  quicksand  along  some  of  their  shores : 
Near  Sandy  Creek  Pass  a  considerable  number  of  lakes, of  varying  sizes, 
occur  directly  in  the  sand  dunes.  On  account  of  the  saturated  condition 
in  which  the  sands  have  here  remained  for  a  long  period  of  time,  they 
could  not  be  transported  by  the  wind  wherever  the  grains  were  thus 
bound  together  by  moisture.  In  consequence  some  soil  was  formed  there. 
Grassy  vegetation  soon  took  advantage  of  this,  and  we  now  find  some 
very  tine  meadows  bordering  the  lakes.  Rising  only  a  short  distance 
above  their  level,  however,  we  are  in  loose  sand  once  more. 
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A  determination  of  the  thickness  of  these  sand  dunes  is  somewhat 
difficult.  We  may  say  that  about  80  feet  would  prove  to  be  an  average. 
Some  of  them  were  found  to  be  several  hundred  feet  high,  while  others 
were  not  over  20  feet  The  largest  accumulations  occur  on  the  north- 
ern side  of  the  "belt"  and  at  such  points  where  some  immovable  obstacle 
is  presented  to  the  general  course  followed  by  the  wind. 

RfiSUMfi  OF  THE  DEPRESSED  SOUTHERN  AREA. 

Among  the  formations  found  in  this  area,  the  most  interesting  one  is 
that  composed  of  the  Tertiary  groups.  In  preceding  pages  I  have  simply 
furnished  a  description  of  their  geognostic  features,  omitting  to  make 
any  allusion  to  their  position  in  a  classificatory  system.  Many  different 
views  are  held  upon  this  subject,  emanating  principally  from  the  tact 
that  the  various  classifications  have  been  advanced  by  stratigraphists 
and  palaeontologists  following  various  special  lines  of  inquiry.  It  is 
impossible,  at  the  present  time,  to  reconcile  the  different  opinions,  and 
all  that  can  be  done  is  to  weigh  the  evidence  for  and  against  each  one, 
eliminating  those  that  are  untenable,  and  thus  arrive  at  satisfactory 
conclusions.  The  material  now  on  hand  ought  to  be  sufliciently  instruc- 
tive to  enable  some  one  to  accomplish  this  desirable  end.  Until  this 
work  is  accomplished,  each  geologist  who  has  made  any  examination  of 
the  younger  formations  of  the  West,  will,  essentially,  have  his  own  pri- 
vate classification.  In  the  subjoined  pages  1  shall  present  the  groui>s 
in  such  order  as  I  have  found  them  in  the  field,  and  shall  assign  to  them 
positions  in  classification  to  which  I  believe  thorn  entitled. 

Six  groups  of  Tertiary  deposits  are  found  in  our  district — Wasatch, 
Green  River,  Bridger,  Sweetwater,  Niobrara,  and  Wyoming  con  glomerate. 
Of  these  the  Wasatch  and  Green  River  Groups  are  certainly  conformable. 
With  regard  to  the  Green  River  and  Rridger  1  cannot  speak  with  cer- 
tainty, as  the  latter  is  too  imperfectly  represented  in  our  district.  Direct 
connection  was  observed  between  the  Wasatch  and  Sweetwater,  and 
again  between  the  Sweetwater  and  Niobrara.  Both  of  these  junctions 
proved  to  l>e  unconformable.  We  may  regard,  therefore,  the  Sweetwater 
Group  as  of  local  character  rather  than  belonging  to  a  regular  and  typical 
succession  of  Tertiary  groups. 

If  we  study  these  groups  in  connection  with  their  vertebrate  remains 
only,  and  compare  them  with  occurrences  of  other  countries,  they  will 
all  be  considered  older  than  if  their  fossil  flora  is  taken  as  the  standard 
of  measurement  and  identity.  Regarding  the  Cretaceous  formation  as 
closed  by  the  Fox  Hills,  and  the  Laraime  Group  as  forming  an  inde- 
]>cndcnt  transitional  formation,  we  must  necessarily  begin  the  Tertiary 
with  the  Wasatch  Group.  This,  then,  forms  either  a  part  or  the  whole 
of  the  equivalent  of  Eocene  of  other  countries.  Within  our  district  and 
elsewhere  the  Green  River  immediately  follows  upon  the  Wasatch.  In 
its  evolutional  history,  and  in  the  class  of  its  component  strata,  the 
Green  River  Group  marks  the  advent  of  a  new  era.  Fauna  and  flora, 
as  compared  to  those  of  the  Wasatch,  are  changed ;  with  them  the  beds 
in  which  they  are  contained.  Unconformities  between  the  two  are  not 
wanting,  although  none  exist  in  our  district.  As  the  Wasatch  essen- 
tially represents  an  epoch  of  definite  type,  totally  differing  from  that  of 
the  Green  River  period^  I  do  not  feel  inclined  to  regard  the  two  as  be- 
longing to  the  same  division  of  the  Tertiary  formation,  but  place  the 
Green  River  series  at  the  base  of  the  Miocene. 

As  a  rule,  the  Bridger  is  directly  superimposed  upon  the  Green  River. 
Its  relative  position  is  fully  established,  therefore,  and  it  enters  the  reg- 
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alar  succession  without  difficulty.  A  more  intricate  question  is  pre- 
sented in  the  position  occupied  by  the  Sweetwater  Group.  By  Df. 
Hayden  it  is  considered  as  being  of  the  same  age  as  the  Wind  River 
Group.  This  latter  he  places  under  the  White  River  series,  which  ia, 
according  to  him,  probably  synchronous  with  the  Bridger.  He  placets 
therefore,  the  Sweetwater  Group  between  Green  River  and  Bridger. 
Comstock  finds  its  resemblance  greater  to  Bridger  than  to  Green  River, 
and  King  places  the  White  River  above  the  Bridger.  But  little  appli- 
cable information  could  be  obtained  from  the  stratigraphical  relations 
of  these  groups  within  our  district.  Reviewing  their  evidence  so  far  as 
it  pertains  to  this  point,  we  find  a  few  facts  which  may  tend  to  threw 
some  light  upon  the  subject.  Station  21  is  located  upon  Bridger,  over- 
lying Green  River.  Ilad  the  hills  composed  of  Sweetwater  beds  existed 
at  the  time  the  Bridger  was  deposited,  we  would  expect  to  find,  from 
the  configuration  of  the  country,  Bridger  superimposed  upon  Sweet- 
water, or  evidence  of  its  having  been  removed.  Neither  was  observed. 
The  Sweetwater  Hills  most  closely  approaching  the  Bridger  show  no 
evidence  of  having  been  extensively  denuded  at  that  locality.  The  sys- 
tem of  drainage  by  which  the  Bridger  beds  of  that  immediate  region 
were  cut,  is  the  one  which  must  have  existed  prior  to  the  deposition  of 
the  Sweetwater  Group.  For  these  reasons  1  place  the  latter  as  chro- 
nologically succeeding  the  Bridger.  Younger  Tertiary  beds,  which  are 
found  in  the  Sweetwater  Valley,  Dr.  Hayden  has  shown  to  De  identical 
with  the  Pliocene  deposits  of  the  !Niobrara  River.  To  the  same  group 
I  count  the  local  Pliocene  strata  west  of  South  Pass.  As  the  youngest 
Tertiary  Group,  we  have  the  Wyoming  conglomerates.  Although  this 
enumeration  or  groups  comprises  but  a  portion  of  those  forming  the 
entire  Tertiary  formation  of  the  West,  we  may  regard  their  relative 
position  as  established.  Difference  of  opinion  prevails,  however,  as  to 
the  places  they  should  occupy  in  systematic  classification. 

The  following  table  will  furnish  a  synopsis  of  the  formations  younger 
than  Cretaceous  observed  in  the  Sweetwater  district : 


Formation. 

Division. 

Group. 

1 

Sand-dunes,  soil,  loose  drift;  and  gravel- 

Lake  beds,  glacial  deposits,  and  old  river-drift 

■ 

Wyoming  conglomerates. 

Niobrara  Group. 

f 

Sweetwater  Group. 

Bridger  Group. 

• 

Green  River  Group. 

Eocene 

Wasatch  Group. 

Post-crctaceous ......... 

Laramie  ,w%rr,.,.rrrT^-. 

Laramie  Group. 

... 

Fox  Bills  Group.                                                 1 
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Besides  the  Tertiary  groups,  the  sand-dunes  of  this  area  furnished  a 
subject  of  great  interest.  We  had  an  excellent  opportunity  of  studying 
them  and  obtained  some  instructive  data.  Their  behavior  with  refer- 
ence to  bodies  of  standing  water  is  singular,  and  yet  natural  when 
nnderstood.  More  striking  than  the  occurrence  of  the  dunes  is  that  of 
the  mud-springs.  But  few  localities  are  known  where  they  exist,  and 
never,  to  my  knowledge,  have  they  been  found  to  exhibit  the  same  type 
a*  within  our  district. 


i 
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CHAPTER  V. 


ECONOMIC  GEOLOGY  OF  THE  SWEETWATER  DISTRICT. 

GOLD. 

Iii  (Chapter  I  the  auriferous  schists  of  the  Sweetwater  region  have 
been  spoken  of.  It  will  be  remcml>ere<l  that  they  wore  regarded  as  the* 
oldest  metamorphic  series  of  the  region.  In  1807  the  lhr.t  ore-be:uing 
lodes  were  discovered  in  the  vicinity  of  South  Pass  and  north  of  Camp 
Stambaugh.  The  former  was  called  the  Shoshone,  the  latter  the  Miner's 
Delight  district.  For  a  number  of  years  lode-mining  and  gulch-mining 
were  carried  on  with  varying  success.  Partly  the  discovery  of  other 
regions  promising  greater  remuneration,  partly  the  speculative  tendency 
which  had  taken  possession  of  the  Sweetwater  mining  operations,  caused 
an  abandonment  of  the  greater  portion  of  the  mines.  During  the  time  that 
I  visited  the  districts  (July  and  August),  but  very  little  work  was  carried 
on  and  few  of  the  mines  only  could  be  examined.  At  Miner's  Delight  a  new 
impulse  seemed  to  have  been  given  to  mining  operations,  and  some  work 
was  just  being  taken  in  hand  at  the  time.  Information  as  to  the  former 
condition  and  production  of  these  mines  may  be  obtained  from  the  re- 
ports of  R.  W.  Raymond,  United  States  Mining  Commissioner. 

AURIFEROUS  VEINS. 

South  Pass  City. — This  town  is  located  in  a  narrow  gulch  on  Willow 
Creek.  During  the  first  flush  of  mining  excitement  it  attained  quite  a 
considerable  size,  but  since  that  time  many  of  the  stores  and  dwellings 
have  been  abandoned.  The  veins  were  discovered  on  the  surrounding 
hills  and  determined  the  site  of  the  settlement. 

Caristo  Mine. 

The  Cariso  vein  was  discovered  in  1807.  It  is  situated  on  a  hill 
directly  northeast  of  the  town,  on  the  south  side  of  the  stage-road. 
Three  main  shafts  have  been  sunk  on  the  vein,  the  Cariso,  Marshal  or 
East  End,  and  West  End  shafts.  In  the  West  End  some  stoping  has 
been  done.  A  drift  connects  the  Marshal  with  a  smaller  shaft  still  far- 
ther east.  The  main  shaft  has  been  sunk  to  a  depth  of  a  little  over  200 
feet,  the  Marshal  to  about  90  feet,  and  the  West  End  to  GO  feet.  Build- 
ings above  ground  are  still  in  good  condition,  as  is  the  machinery. 
Within  the  mine  some  timl>ering  has  been  done  to  prevent  "  scales r?  from 
coming  down.  At  the  time  of  my  visit  the  mine  was  lying  idle.  It  is 
owucd  at  present  by  Mr.  B.  Roberts  and  superintended  by  Mr.  II.  RidelL 
1  understood  that  work  was  to  be  resumed  shortly,  upon  the  arrival  of 
some  new  machinery. 

Having  a  strike  of  about  north  43°  east,  the  vein  is  inclosed  between 
beds  of  gneissoid  schists.  A  dip  of  about  75  degrees  (from  the  horizon- 
tal) is  noticeable  in  the  vein.    Both  strike  and  dip  conform  entirely  with 
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those  of  the  schists.    At  that  locality  the  latter  show  the  usual  varia- 
tions with  certain  zones;  c  g.y  substitution  of  hornblende  or  chlorite  for 
mica.    The  width  of  the  vein  varies  from  2  to  £  feet,  as  a  rule  growing 
wider  with  increasing  depth.    Granular  quartz  composes  the  gangue- 
rock.    Near  the  surface  this  quartz  is  stained  red  and  brown  from  the 
decomposition  of  pyrite.    In  certain  portions  of  the  mine  it  is  very  much 
shattered  and  may  be  easily  worked  out.    Gold  occurs  free  within  the 
*  surface-ores "  to  a  depth  of  about  80  feet.    It  is  primarily  contained  in  the 
pyrite,  but  upon  decomposition  of  the  latter  appears  native.     It  occurs 
partly  as  fine  gold,  partly  coarse,  and  is  found  either  directly  imbedded 
in  the  quartz  or  contained  in  small  cavities.    Below  the  depth  of  SO  feet 
the  pyrite  is  fresh.    During  1870  the  average  yield  of  ore  per  ton  is  said 
to  have  been  875,  sometimes  running  much  higher,  however. 

The  ore  from  the  Cariso  was  crashed  in  a  live-stamp  mill,  located  on 
Willow  Creek,  about  a  mile  below  South  Pass  City. 

Young  America. 

A  few  hundred  feet  east  of  the  Cariso  the  Young  America  is  located. 
It  retains  the  same  strike  and  dip  as  the  former,  and  appears  to  be  a 
continuation  of  the  same  vein.  A  shaft  128  feet  in  depth  has  been  sunk, 
rod  some  work  was  formerly  done  there.  At  the  time  of  my  visit  no 
work  had  been  done  for  some  time,  and  the  mine  was  inaccessible.  Judg- 
ing from  the  ore  on  the  dumps,  the  gangue-rock  consists  of  quartz  very 
much  splintered.  Decomposed  pyrite  produces  a  red  and  brown  color 
in  it.  1  was  informed  that  the  ore  carried  a  considerable  quantity  of  sil- 
ver, and  paid  about  $25  per  ton.         » 

Wild  Irishman. 

This  vein  is  located  a  short  distance  west  of  the  Cariso.  Tt  trends  in 
the  same  direction,  and  is  conformable  to  the  structure  cf  the  schists. 
At  present  it  is  abandoned.  It  appears  that  toward  the  west  the  vein 
splits,  admitting  a  horse  composed  of  gneissic  and  syenitic  schist.  I 
wold  not  fully  determine  whether  the  Wild  Irishman  is  a  continuation 
of  the  Cariso,  owing  to  the  fact  that  the  surface  is  obscured  and  the 
workings  not  accessible. 

Some  of  the  lodes  in  this  vicinity,  not  worked,  however,  are  the  Wash- 
"tffow,  Grecian  Bendy  Flora,  Duncan,  and  others. 

Atlantic  City  is  situated  on  the  stage-road  from  South  Pass  to  Camp 
Stambaugh.  Originally  of  not  as  much  importance  as  the  former,  it 
ta  lost  less  by  the  decline  of  mining  operations. 

Buckeye  Mine. 

This  mine  is  located  about  a  mile  to  the  northwest  of  the  town.  It 
*aa  discovered  February  18, 1867,  by  "Judge"  Lawn.  The  present 
owners  are  Messrs.  Lawn,  McBurk,  and  Dawkins.  The  mine  is  located 
*  the  north  side  of  a  steep  gulch,  near  the  summit  of  a  narrow  ridge. 
A  partial  caving  in  of  the  lower  drift,  and  water  in  the  shaft,  made  it 
^possible  to  visit  all  the  workings.  Syenitic  schist  is  the  country -rock 
Jjnking  nearly  east  and  west  at  this  locality.  The  schists  are  thinly 
todded,  sometimes  contain  mica,  and  then  are  laminated.  Curves  and 
*mifications  are  shown  in  the  vein.  Its  strike  is  north  30°  east,  nearly 
bright  angles  to  that  of  the  schists.    So  far  as  could  be  determined,  the 
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general  dip  is  -about  7S°  to  the  southeast,  varying  somewhat,  however. 
A  well-timbered  shaft  has  been  sunk  through  the  unproductive  rock, 
which  struck  the  vein  at  a  depth  of  70  feet.  From  that  poiut  it  follows 
the  latter  on  the  incline  for  145  feet.  A  tunnel,  driven  from  the  south- 
cast,  also  strikes  the  vein  and  connects  with  the  shaft.  Some  stuping 
has  been  done  here,  !Xcar  the  shaft  a  wide  quarry  was  laid  in  the  vcjin, 
and  large  masses  of  ore  taken  out.  At  this  point  the  Buckeye,  receives 
a  branch  vein.  Secondary  quartz  veins  traverse  the  lode  in  various  di- 
jvetions.  It  may  be  observed  that  the  course  of  the  latter  is  parallel  to 
the  main  system  of  joints  in  the  schists.  On  the  hanging  wall  a  well- 
deiined  clay  selvage  separates  the  ore  from  the  country  rock.  This  is 
less  defined  on  the  foot-wall.  Both  walls  are  linn.  At  several  places 
lateral  spurs  leave  the  vein,  miming  parallel  with  a  second  system  of 
joints. 

The  gangue  is  composed  of  gray  and  white  quartz,  more  or  less  dis-- 
colored  by  the  decomposition  of  pyrite.  Throughout  this  gangue  we 
find  disseminated  minute  crystals  of  pyrite  and  line  gold.  Decomposi- 
tion of  the  former  has  freed  the  latter.  At  the  depth  reached  by  the 
workings  up  to  the  present  time,  no  fresh  ore  has  been  obtained  as  yet, 
all  of  it  being  surface-ore.  An  extensive  series  of  fissures  occurs  in  the 
gangue,  rendering  it  easy  to  work.  During  the  past  ten  years  much 
gold  has  been  taken  out  of  this  mine,  and  the  owners  expected  to  start 
work  again  within  a  short  time.  A  width  of  4  to  14  feet  shown  by  the 
vein  guarantees  to  them  an  almost  unlimited  supply  of  ore. 

Sauls  and  Perkins  Mine. 

Opposite  the  Buckeye,  on  the  south  side  of  the  gulch,  the  Souls  and 
Perkins  lode  is  located,  it  has  approximately  the  same  course,  striking 
ulxmt  north  8°  east.  Bearing  the  same  relations  to  the  surrounding 
schists  as  the  Buckeye,  its  slight  deviation  is  accounted  for  by  the  fact 
that  the  course  of  the  schists  undergoes  some  change.  T  regard  the 
two  locations  as  made  upon  one  vein,  although  the  connection  is  appar- 
ently broken.  The  Souls  and  Perkins  is  worked  by  means  of  a  shaft 
which  has  been  sunk  to  a  depth  of  about  100  feet  on  the  foot-wall,  fol- 
lowing the  dip  of  the  vein.  Mineralogically  the  ore  is  the  same  as  that 
of  the  Buckeye,  but  I  have  no  data  whereupon  to  base  a  comparison  of 
their  respective  values. 

Caribou  Mine. 

This  mine  is  located  on  the  northern  extension  of  the  Buckeye,  ahon& 
quarter  of  a  mile  distant.  In  dip  and  strike,  the  two  are  conformable^ 
as  well  as  in  the  general  character  of  their  ore.  A  shaft  of  a  little  over* 
100  feet  in  depth  has  been  sunk  on  the  vien,  inclining  with  the  dip- 
No  work  was  being  done  on  either  of  these  two  mines  during  the  tim» 
of  my  visit,  but  the  owners  were  anticipating  "better  times." 

Miner**  Delight. — This  settlement  is  located  about  2  miles  north  o 
Oam p  Stambaugh,  and  was  started  at  the  time  of  the  great  mining  ex- 
citement during  18(»7.  Comparatively  little  vein-mining  is  carried  oil 
here  at  present,  as  heretofore  the  gulches  have  yielded  a  good  deal  o: 
gold.  The  Miner's  Delight  Mine  is  the  only  one  worked  at  the  presents 
time.  The  (Mil ire  claim  is  separated  into  three  divisions,  which  haw 
received  special  names. 

Young  America. 


This  mine  forms  the  eastern  extension  of  the  vein.    The  strike  of 
entire  vein  is  north  43°  east,  with  a  dip  of  about 80°  to  the  southeast—' 
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Gneissic  schists  compose  the  country  rock.  It  is  distinctly  bedded,  and 
its  strata  are  cut  at  an  acute  angle,  amounting  to  about  26°  near  the  vein. 
A  shaft  103  feet  in  depth  has  been  sunk  on  the  vein.  At  a  depth  of  60 
feet  a  drift  has  been  cut  toward  the  west.  The  width  of  the  vein  varies 
from  1  foot  to  4  feet.  This  is  due  to  undulations  in  the  hanging  wall. 
Yellow  and  white  quartz  composes  the  gangue,  containing  free  gold 
either  in  scales  or  as  "line  gold."  A  mill  with  20  stamps  crushes  the 
ore  obtained  from  this  portion  of  the  vein.  It  is  said  to  run  about  $15 
to  $20  per  ton  j  but  richer  ore  is  expected  in  some  new  openings. 

Miner* 8  Delight 

The  middle  portion  of  the  vein  has  received  this  name.  In  its  position 
and  associations  it  conforms  to  the  Young  America.  A  shaft  14o  feet  in 
depth  has  been  sunk,  and  some  interior  developments  have  been  made. 
At  the  time  of  my  visit,  buildings  and  machinery  upon  the  surface  had 
been  completed,  and  it  was  stated  that  work  would  soon  be  actively 
resumed. 

Western  Extension. 

This  is  the  third  portion  of  the  entire  vein.  It  is  not  worked  at  pres- 
ent Upon  the  vein  a  shaft  haa  been  sunk  100  feet  in  depth.  A  20- 
stamp  mill  located  on  the  premises  formerly  crushed  the  ore,  but  now 
lies  idle.  The  character  of  the  vein  and  ore  remains  constant  throughout 
the  entire  length,  1,G00  feet.  Occasionally  pockets  are  found  that  pay 
very  well.  To  the  depths  which  have  at  present  been  reached,  the  ore  is 
all  more  or  less  decomposed,  yielding  but  little  fresh  pyrite.  Some  silver 
enters  the  bullion,  as  I  was  informed.  This,  too,  must  be  contained  in 
Pyrite,  as  no  specific  argentiferous  mineral  is  found  in  the  vein.  While 
forking  from  the  surface,  which  was  a  cheap  process,  large  quantities 
°f  gold  were  taken  from  this  lode. 

Heviewing  briefly  the  character  of  the  Sweetwater  gold-mines,  we  find 

that  there  are  both  true  fissure  veins  and  veins  which  form-  an  integral 

Potion  of  the  prevailing  schists.    The  great  age  of  the  latter  and  their 

Physical  structure  has  been  the  cause  of  extensive  decomposition  of  the 

or?  downward.    Water  entering  through  joints  and  fissures,  together 

*tth  atmospheric  air,  have  produced  a  conversion  of  the  pyrite  into 

finite,  thus  freeing  the  gold.    From  experience  obtained  throughout 

'?**  class  of  veins,  we  may  say  that  the  immediate  surface-ores  are 

*Jcher,  as  a  rule,  than  those  found  at  greater  depths.    So  far  as  the 

*ork  Jn  the  various  mines  of  this  region  extends,  however,  it  appears 

^t  even  at  considerable  depths  the  ore  contains  a  sufficiently  high  per- 

5^tage  of  gold  to  make  it  remunerative  if  worked  judiciously.    1  can 

^  no  reason  why,  under  proper  management,  and  with  an  applica- 

i*±  of  experience  gained  elsewhere,  many  of  these  mines  should  not 

i»+Ve  *°  l>a^  uP°n  workin£*    We  may  assume  that  the  decomposed  ores 

^t^ud  to  a  depth  of  at  least  150  feet.    Their  extraction  and  the  process 

°*  obtaining  the  gold  out  of  them  is  both  cheap  and  simple.    In  case  the 

J^   should  prove  refractory  lower  down,  methods  are  at  hand  to  over- 

I?11*^  the  difficulty.    By  crushing,  concentrating,  and  amalgamating  the 

fj^ace  ores,  good  results  ought  to  be  obtained.    Eventually  roasting,  or, 

JL  ****  character  of  the  ore  should  change,  smelting  may  be  employed  in 

J"?  process  of  gaining  the  precious  metal.    For  a  number  of  years  the 

^HjH^s  which  may  now  be  regarded  as  most  promising  can  be  worked 

^jfcuout  much  expense,  as  the  location  and  class  of  ore  at  present  elimin- 

***  Nearly  altogether  the  item  of  transportation. 

10  os 
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It  seems  as  if  a  new  start  were  just  now  to  be  made,  and  it  is  to  be 
hoped  that  careful  management  and  proper  treatment  of  the  ores  will 
demonstrate  the  fact  that  these  metalliferous  veins  are  entitled  to  some 
consideration. 

Seminole  Hills. — Near  Sandy  Creek,  on  the  eastern  slope  of  the  Semi- 
nole Hills,  gold  mining  was  carried  on  for  a  short  time  several  years  ago. 
All  the  mines  are  now  abandoned  and  could  not  be  examined.  The 
veins,  upon  which  some  work  was  expended,  are  quartzose,  and  run 
through  the  metamorplric  granites  of  this  region.  From  the  ore  found 
on  some  old  dumps  it  was  seen  that  it  consisted  of  pyrite  and  chalco- 
pyrite  intimately  associated  with  quartz.  A  stamp-mill  and  a  num- 
ber of  other  buildings  have  been  erected  on  Sandy  Creek,  but  are  now 
left  to  decay.  So  far  as  we  could  learn,  the  ore  when  first  struck  was 
quite  rich  and  promised  excellent  results.  A  company  was  formed  to 
work  and  mill  the  product  of  the  mines,  but  after  a  brief  experiment  it 
was  found  that  the  rich  ore  had  merely  formed  a  "  pocket,"  and  that  its 
continuation  did  not  pay.  The  mines  were  therefore  abandoned,  and  no 
work  has  been  done  there  for  a  number  of  years. 

GULCH-MINING. 

Hear  South  Pass  City. 

Guleh-mining  is  canned  on  with  varying  success  in  the  vicinity  of  the 
Sweetwater.  Early  during  the  siunmer  season  a  considerable  number 
of  streams  that  later  are  dry  contain  a  good  supply  of  water.  During 
that  time  it  is  utilized  for  the  purposes  of  washing  out  the  gravel  and 
"dirt."  Near  South  Pass  City  some  washing  is  done  on  several  small 
creeks.  At  the  time  I  was  there  a  good  "prospect"  had  been  struck  on 
Willow  Creek,  within  the  limits  of  the  town.  In  Cariso  gulch  sluicing 
and  washing  has  been  carried  on  for  a  number  of  years.  The  creek 
there  is  <lry  during  several  months,  and  water  is  supplied  by  a  ditch, 
two  miles  in  length,  which  connects  with  Willow  Creek.  It  is  stated 
that  the  miners  obtained  from  $3  to  $3  of  gold  per  day.  In  Hermit 
gulch,  and  several  others,  gold  is  washed  to  a  small  extent.  The  trouble 
that  miners  have  to  contend  with  in  this  region  is  the  want  of  water. 
As  a  rule,  they  can  work  only  one  or  two  months  during  the  year  in  the 
majority  of  the  gulches. 

Fear  Atlantic  City. 

In  the  Buclceye  gulch  a  large  amount  of  work  has  been  done  during 
the  past  year.  Two  small  dams  have  been  constructed  to  regulate,  if 
possible,  the  supply  of  water.  Several  small  deposits  were  being  washed 
during  July,  but  the  water  was  beginning  to  get  low.  The  gold  is 
found,  generally,  in  very  minute  Hakes,  and  unless  precautions  are  taken 
will  Hoat  off  on  the  water.    Coarse  gold  is  comparatively  rare. 

Xear  Camp  Stambaugh. 

In  the.  vicinity  of  Camp  Stambaugh  I  saw  more  work  going  on  than 
at  any  other  point.  On  ltoek  Creek  extensive  preparations  were  being 
made  to  wash  the  gravel  by  hydraulic  power.  Ditches  to  lead  the  water 
to  convenient  points,  and  others  to  cany  it  off,  had  been  constructed. 
Gulch-mining  has  been  carried  on  there  for  a  number  of  years  on  a  small 
scale*,  but  the  miners  proposed  to  obtain  larger  profits  in  the  future  than 
heretofore.    A  good  water  supply  promises  the  carrying  on  of  work 
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during  several  months.  In  Strmcberry  Gulch  several  miners  were  en- 
gaged in  washing  "dirt."  Having  found  better  pay  about  two  miles 
distant,  where  there  was  no  water,  however,  the  gravel  was  carried  over 
to  the  Strawberry  and  there  washed.  The  miners  appear  to  be  satisfied 
with  the  results  obtained.  French  Gulch,  in  the  immediate  vicinity  of 
the  post,  has  been  worked  for  several  years.  A  hose  GOO  feet  in  length 
and  G  inches  in  diameter  tapped  the  creek,  giving  it  a  head  of  about  35 
feet.  The  nozzle  was  an  inch  and  a  half  in  diameter.  With  this  ap- 
pliance the  washing-down  of  gravel  banks  was  rapidly  accomplished. 
Gold  was  caught  in  a  long  sluice-box.  Here  the  gold  was  somewhat 
coarser  than  is  usually  the  case.  On  several  other  small  streams  near 
the  post,  gold  was  washed,  but  the  water  supply  soon  gave  out.  Most 
of  the  gravel  will  furnish  "colors"  upon  panning,  but  it  requires  careful 
manipulation  to  save  the  metal. 

Near  Miner's  Delight. 

In  the  neighborhood  of  this  town  a  large  number  of  gulches  have 
been  and  are  worked.  Prominent  among  them  is  Spring  Gulch.  The 
gravel  is  rather  coarse,  loosely  cemented,  and  contains  an  appreciable 
quantity  of  coarse  gold.  It  is  stated  that  miners  here  wash  out  $6  to 
$7  per  day.  All  the  work  is  carried  on,  on  a  comparatively  small  scale. 
Other  placiers  that  have  been  worked  in  this  vicinity  are  Meadow, 
Promise,  Irish,  and  Beaver  Gulches.  Horace  Gulch  is  considered  as  one 
of  great  promise.  Twin  Gulch  is  supplied  with  water  by  a  ditch  several 
miles  in  length,  and  is  said  to  yield  good  results. 

From  the  observations  which  1  made  while  examining  this  region,  I 
am  persuaded  that  a  large  amount  of  gold  exists  in  the  various  deposits 
of  drift  and  "dirt."  It  seems,  however,  that  the  washing  of  small  quan- 
tities, with  an  insufficient  supply  of  water,  prevents  the  gulches  from 
proving  generally  remunerative.  Were  it  possible  to  obtain  an  adequate 
water-supply,  and  to  carry  on  the  work  on  a  huge  scale  during  the  en- 
tire length  of  the  open  season,  I  have  no  doubt  that  placier-miiiing  would 
here  be  a  paying  oi>cration.  The  gold  which  we  find  so  widely  distributed 
has  been  earned  downward  from  the  more  elevated  regions.  It  has  col- 
lected in  all  such  places  where  we  would  naturally  expect  to  find  either 
fluviatile  or  local  glacial  drift.  So  far  as  can  be  determined,  the  origi- 
nal places  of  deposition  of  the  metal  are  to  be  looked  for  in  the  outcrops 
of  auriferous  veins.  Decomposition  has  set  the  gold  free  there,  and  ero- 
sive agents  have  removed  it  to  such  localities  where  it  could  most  con- 
veniently accumulate. 

SILVER. 

Argentiferous  veins  have  been  reported  as  occurring  on  the  western 
slope  of  the  Wind  Kiver  liange.  So  far  as  I  am  able  to  determine,  this 
report  is  not  founded  upon  facts.  We  observed,  while  surveying  that 
region,  a  number  of  veins  of  varying  size  contahring  specular  hematite. 
It  closely  resembles  some  of  the  silvei '-bearing  minerals,  and  its  occur- 
rence has  probably  given  rise  to  the  current  rumors.  Upon  examina- 
tion of  several  specimens,  either  no  silver  or  merely  a  trace  of  it  was 
found.  From  the  features  that  we  have  noted  in  connection  with  the 
arcluean  as  well  as  metamorphic  area  of  the  entire  region,  we  are  justi- 
fied in  concluding  that  no  prominent  systems  of  metalliferous  veins  will 
be  found  anywhere  except  in  the  old  schists  where  they  have  already 
been  discovered.  The  term  "metalliferous"  is  here  used  with  special 
reference  to  gold  and  silver.    Wherever  lodes  have  been  found  they  obey 
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certain  rules,  within  restricted  areas.  What  we  have  learned  with 
regard  to  the  character,  association,  and  distribution  of  the  lodes  of  the 
Shoshone  and  Miner's  Delight  districts  entitles  us  to  the  opinion  above 
expressed. 

IRON. 

The  most  important  deposit  of  iron  within  our  district  is  found  near 
Rawlings  Springs.  About  two  miles  north  of  the  town  is  located  what 
is  known  as  the  Red  Paint  Mine,  This  is  an  open  quarry  in  an  extensive 
deposit  of  red  hematite.  Its  commercial  value,  either  as  paint,  flux,  or 
ore,  renders  it  of  importance.  Along  the  line  of  the  Union  Pacific  Rail- 
road a  number  of  such  deposits  have  been  found,  and  they  are  utilized 
for  the  purposes  above  mentioned.  The  hematite  at  Rawlins  is  con- 
tained in  a  Palaeozoic  series.    It  is  remarkably  pure  and  free  from  quartz. 

In  the  main  chain  of  the  Wind  Eiver  Mountains  a  number  of  veins 
were  observed  in  the  granite  containing  specular  hematite.  Usually  this 
is  associated  with  chlorite  and  some  hornblende.  From  the  thickness  of 
a  knitting-needle  the  seams  containing  this  mineral  widen  out  to  veins 
of  several  feet.  Interesting  as  these  occurrences  are,  the  demand  for 
iron  will  never  be  sufficiently  great  to  give  them  any  value. 

A  few  miles  south  of  Atlantic  City  a  vein  of  siderite  is  located.  It  is 
known  as  Heyroth's  lode.  Traversing  the  schists,  this  lode  maintains  a 
width  of  from  2  to  4  feet.  The  siderite  is  changed  into  limonite  near 
the  surface,  but  lower  down  is  not  decomposed.  It  contains  an  admix- 
ture of  clay,  which  renders  it  somewhat  impure. 

At  several  localities  within  the  Cretaceous  and  younger  groups,  small 
deposits  of  limonite  were  seen.  They  are  parallel  to  the  stratification, 
and  will  scarcely  ever  prove  to  be  of  any  value.  "  Kidney-ore v  was 
found  in  the  Post-cretaceous  series,  associated  with  coal. 

GRAPHITE. 

Near  Miner's  Delight  a  vein  containing  graphite  is  said  to  be  located. 
Without  obtaining  a  guide,  I  endeavored  to  find  it,  but  failed.  Not  hav- 
ing been  able  to  see  any  of  the  specimens  said  to  occur  in  this  veiu,  1 
am  unable  to  give  any  opinion  upon  it.  Persons  who  have  seen  them 
assure  me  that  it  "writes  as  well  as  a  lead-pencil."  This  may  or  may 
not  be  regarded  as  a  crucial  test.  So  far  sis  I  could  understand,  the 
supposed  vein  is  found  in  the  inetamorphic  rocks  of  that  region. 

COAI,. 

A  largo  portion  of  the  area  surveyed  shows  the  Lignitic  formation  of 
the  West.  At  a  number  of  places  along  the  Union  Pacific  Railroad, 
openings  have  been  made  from  which  coal  was  obtained.  Near  Raw- 
lings  Springs  is  one  mine  which  is  worked  during  a  portion  of  the  year 
at  trust.  Farther  west  there  are  others  which  now  are  abandoned.  The 
extensive  veins  near  Point  of  Rocks,  Evanston,  and  other  places,  supply 
the  riutnuud,  and  no  chance  remains  for  individual  enterprise  along  the 
lino  of  the  road.  Numerous  outcrops  were  observed,  some  of  them  indi- 
eatiug  veins  of  considerable  size.  North  of  the  Sweetwater  Hills  I  saw 
no  \\  orkable  beds,  although  it  is  claimed  that  some  have  been  discovered. 
The  eoal  found  within  our  district  is  of  that  variety  which  is  generally 
(enned  "lignite."  It  is  of  good  quality  for  ordinary  purposes,  and  is 
extensively  used  west  of  the  Missouri  River.  Certain  banks  contain 
Uv<*  anil  than  others,  and  again  beds  may  be  found  that  will  form  a  hard, 
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eompact  coke.  These  are  preferred  for  smelting  and  other  processes. 
In  my  report  on  the  coal  region  of  Evanston  I  shall  have  occasion  to 
enter  into  the  details  of  composition  and  economic  utility  of  these  coals 
more  folly  than  could  here  be  done. 

LIMESTONE. 

On  the  eastern  slope  of  the  Wind  Eiver  Mountains,  in  the  Sweetwater 
and  Seminole  Hills  and  near  ltawlings,  limestones  are  abundant.  At 
the  first-named  locality  the  admixture  of  silica  generally  renders  them 
impure^  but  some  strata  can  be  found  that  are  comparatively  free  from 
it.  Within  easy  reach  of  the  settlements,  these  beds  may  at  some  future 
time  prove  serviceable.  Excepting  the  silica,  they  are  sufficiently  pure 
and  almost  quite  free  from  alumina.  Within  the  same  regions  some  beds 
may  be  found  that  could  be  utilized  as  marble.  They  occur  near  the 
base  of  the  Carboniferous  series.  In  the  Sweetwater  and  Seminole  Hills 
the  limestones  show  essentially  the  same  characteristics,  but  contain, 
perhaps,  less  silica.  On  the  eastern  slope  of  Rawlings  Peak  strata  com- 
posed of  this  material  occupy  a  very  prominent  position.  I  am  informed 
that  some  lime  is  burned  in  that  vicinity,  and  that  the  quality  obtained 
is  good.  Along  the  western  slope  of  the  range  and  south  of  the  Sweet- 
water Hills  limestones  occur,  but  they  are  very  impure,  approaching 
more  closely  in  character  calcareous  shales. 

GYPSUM. 

This  mineral  occurs  most  abundantly  in  the  lower  portion  of  the  Tri- 
assic  beds.  Below  the  junction  of  Twin  Creek  and  the  Little  Poi>o-Agie 
I  noticed  the  most  extensive  exposures.  Beds  were  there  found  reaching 
a  thickness  of  several  feet.  Generally  this  gypsum  is  light  red,  gray,  or 
yellow,  but  white  strata  can  be  found.  It  is  crystalline  rather  than  com- 
pact, resembling  alabaster  in  texture.  Some  of  the  beds  would  furnish 
excellent  material  for  purposes  of  carved  ornamentation.  Fibrous  gyp- 
sum (satin-spar)  is  found  together  with  the  other,  occurring  in  narrow 
seams  and  veins  cutting  across  the  strata.  As  gypsum  is  essentially  a 
local  deposit,  the  thickness  of  the  beds  varies  considerably  at  different 
localities.  ]Sear  the  Popo-Agie  settlements,  however,  there  is  an  ample 
supply  for  all  purposes.  Throughout  the  formations  composed  in  a 
great  measure  of  shales  we  find  crystals  of  selenite.  Mostly  they  are 
quite  small,  but  they  occur  in  tablets  of  several  inches  in  thickness  and 
a  foot  in  diameter.  Among  all  others?  the  Wasatch  Group  may  be  re- 
garded as  the  one  most  highly  favored  in  this  respect. 

CEMENT. 

Many  of  the  shales  and  marls  which  occur  in  the  Cretaceous  and  Ter- 
tiary Groups  would  answer  very  well  for  the  manufacture  of  ordinary 
and  hydraulic  cement.  Within  the  Sweetwater  Group  there  are  some 
strata  that  could  be  used  for  these  purposes  with  but  slight  preparation. 
Many  of  the  marls  are  arenaceous,  but  if  such  were  selected  that  are 
comparatively  free  from  sand  they  could  be  utilized.  It  is  not  probable 
that  ever  any  very  great  demand  for  cements  will  arise  in  that  section 
of  country,  and  the  expenses  of  transportation  would  most  likely  prove 
to  be  too  heavy  to  realize  profits  by  shipment.  It  is  well,  however,  to 
know  that  the  materials  are  at  hand  to  render  the  inhabitants  indepei 
ent  in  the  matter  of  cements,  which  often  may  become  an  iinpoi 
question. 
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CLAY. 

As  a  rule,  the  accumulations  of  clay  are  too  sandy  to  be  used  for  other 
purjMses  than  that  of  manufacturing  adobe  or  brick.  In  some  of  the 
dry  alkali  flats  clay  may  be  found,  however,  which  would  answer  very 
well  for  the  preparation* of  stone-ware  and  pottery.  If  too  great  an  ail- 
mixture  of  alkali  be  found  with  the  clay,  this  can  readily  be  removed  by 
a  process  of  washing. 

ALKALI. 

Under  this  very  general  term  we  comprise  a  series  of  products,  all  of 
which  represent  a  certain  commercial  value.  "Alkaline"  deposits  are 
found  very  frequently  within  our  district.  They  occur  in  great  profusion 
tliroughout  the  low  country  south  of  the  Sweetwater  Hills.  Along  the 
Sweetwater  Kiver  and  in  the  low  country  northward  they  are  met  with. 
No  thick  deposits  of  such  substances  were  found,  but  it  is  probable  that 
they  occur  in  certain  regions  at  some  inconsiderable  depth. 

From  the  annual  rej>ort  of  1870  I  extract  a  number  of  analyses  of 
alkaline  efflorescences  collected  within  our  district  and  examined  by  A. 
S.  Ford." 

1.  From  alkaline  lake  two  miles  cast  of  Rock  Independence: 

Per  cent. 

Sulphate  of  soda  (NaOSO*) 73. 17 

Chloride  of  sodium  (Na  CI) 3.85 

Carbonate  of  soda  (by  loss) 22.98 

100.00 

2.  Alkaline  efflorescence  seven  miles  west  of  Saint  Mary's  Station,  in  Sweetwater 

Valley: 

Percent 

Sulphate  of  soda  (Na  OSOs) 88.93 

Chloride  of  sodium  (Na  CI) 11.63 

100.56 

3.  From  deposit  near  Pacific  Springs : 

Percent. 

Sulphate  of  soda  (Na OS O3) 82.23 

Chloride  of  sodium  (Na  CI) 3.95 

Carbonate  of  soda  (by  loss) 14.82 

100.00 

4.  From  deposit  of  alkaline  pond  near  Big  Sandy  River : 

4  (a).  From  upper  part  of  bank  where  deposition  commenced : 

Per  cent. 

Sulphate  of  soda  (NaOS03) 64.65 

Chloride  of  sodium  (NaCl) 35. 46 

100.11 
4  (6).  From  half-way  between  upper  and  lower  limit  of  deposit : 

Per  cent. 

Sulphate  of  soda  (Na OS 03) 94.92 

Chloride  of  sodium  (NaCl) 5.23 

100.15 
4  (c).  From  lowest  part  of  pond : 

Per  cent. 

Sulphate  of  soda  (Na OS 03) 100.00 

According  to  Mr.  Ford's  statement,  this  last  deposit  occurred  in  the 
form  of  slender  orthorhombic  prisms.  Potassium  was  not  found  in  com- 
bination  with  any  of  the  acids  or  with  chlorine  in  these  deposits. 

*The  analyses  are  directly  copied,  giving  the  old  formulae. — E. 
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Prom  these  analyses  it  appears  that  we  have  in  solution  mainly  two 
minerals :  Halite  (salt)  and  Thetiandite  (sodium  sulphate).  A  third  one 
is  the  Trona.  Dr.  Heizmann  mentions,  in  addition  to  these,  lime  and 
magnesia. 

The  predominance  of  sodium  sulphate  is  an  interesting  feature',  and 
has  a  direct  bearing  upon  the  genesis  of  these  compounds.  We  are 
aware  of  the  fact  that  many  of  the  shales  and  marls  from  which  the 
alkali  is  derived  contain  minute  crystals  or  small  seams  of  pyrite.  Upon 
the  decomposition  of  both  shales  or  marls  and  the  pyrite,  the  liberated 
sulphur  of  the  latter  combines  as  sulphuric  acid  with  the  soda,  or,  in 
some  instances,  magnesia,  which  has  been  set  free  from  the  shales. 
Thus  the  substance  which  is  found  in  the  greatest  quantities  is  formed. 
Although  magnesium  sulphate  appears  to  occur  but  sparingly  in  the 
region  through  which  we  traveled,  it  ha-s  been  found  elsewhere  in  large 
deposits,  which  occupy  positions  analogous  to  those  in  which  we  observe 
our  "  alkali  flats." 

PETROLEUM. 

Two  localities  were  visited  in  our  district  where  springs  of  petroleum 
occur.  One  spring  is  located  on  the  Little  Popo-Agie.  It  is  quite  exten- 
sive, and  in  the  course  of  years  has  emitted  a  large  quantity  of  oil.  The 
other  one  is  situated  near  Camp  Brown,  and  issues  together  with  water. 
No  means  were  at  hand  either  to  test  the  oil  on  the  spot  or  to  carry  it 
with  us.  Therefore  the  only  examination  that  could  be  made  consisted 
in  the  simple  trial  of  burning  it.  Taking  some  of  the  hardened  mate- 
rial, we  found  that  it  burned  with  a  blight  flame,  and  that  nearly  all  of 
it  was  consumed.  I  am  not  prepared  to  say  that  the  composition  of 
this  oil  is  identical  with  that  occurring  in  Pennsylvania,  for  instance,  but 
1  am  of  the  opinion  that  by  distillation  a  product  might  be  obtained 
which  would  answer  for  the  purposes  of  illumination.  In  the  course  of 
time  these  springs  may  prove  to  be  valuable,  as  their  location  renders 
them  accessible  to  that  portion  of  our  district  which  offers  the  most 
varied  and  the  greatest  inducements  to  settlers. 
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CONCLUSION. 

Several  features  of  great  interest  were  observed  in  the  Sweetwater 
district.  Prominent  among  these  is  that  pertaining  to  the  elevation  of 
mountain  ranges  and  to  great  stratigraphical  disturbances  generally. 
Represented  by  the  Wind  River  Mountains  we  have  a  portion  of  the 
main  Kooky  Mountain  system.  The  structure  of  this  range  is  essentially 
simple.  It  is  the  direct  product  of  an  unequal  anticlinal  fold.  Studying 
the  position  where  it  is  located,  we  observe  some  important  facts.  To 
the  north  and  northeast  of  the  range  the  older  sedimentary  formations 
rapidly  assume  very  great  vertical  dimensions,  while  for  a  long  distance 
in  the  opposite  direction  they  show  a  smaller  development.  Here,  then, 
we  iind  an  area  of  maximum  sedimentation — one  capable  of  producing 
the  results  which  Sir  John  llersehel  so  ingeniously  assumes,  i.e.,  a  down- 
ward flexure  of  the  strata.  This  necessitates  a  corresponding  upward 
movement  in  order  to  re-establish  equilibrium.  Such  a  movement  will 
take  place  at  the  point  or  along  the  line  of  minimum  resistance.  In  the 
existence  of  the  Prozoie  subsidiary  range  we  have  an  ancient  barrier  to 
the  influx  of  the  earliest  waters  producing  sedimentation;  consequently 
we  find  along  this  old  range  a  line  least  incumbered  by  deposition  of 
weighty  sediment.  This  indicates  the  horizontal  zone  of  least  vertical 
resistance,  and  here  we  find  the  Wind  River  Range  occupying  a  very 
elevated  position.  From  the  structure  of  these  mountains,  as  well  as 
from  that  of  the  sedimentary  area  east  and  northeast,  we  learn  that  the 
force  which  produced  the  upheaval  made  itself  felt  for  a  greater  distance 
eastward  than  west.  This  is  shown  by  the  long-continued  easterly  dip 
of  the  strata  and  by  the  subsequent  rearrangement  of  strata  a«  produced 
by  the  two  easterly  anticlinal  uplifts.  A  result  of  this  nature  would 
necessarily  follow  were  the  cause  of  the  first  disturbance  located  north 
and  northeast  of  the  range.  We  observe  in  the  range,  as  well  as  in  the 
anticlinal  folds  eastward,  the  lack  of  symmetrical  arrangement  of  par- 
ticipating beds.  The  axes  of  the  folds,  instead  of  standing  vertical,  in- 
cline to  the  northeast,  at-  angles  from  20°  to  30°  from  the  vertical.  Ex- 
pressing the  same  fact  in  other  words,  we  may  say  the  movement 
producing  the  elevation  of  ridges  or  ranges  which  show  an  anticlinal 
structure  has,  in  this  instance,  progressed  from  northeast  to  southwest, 
and,  we  may  add,  due  to  the  influence  of  endogenous  flexure  of  deposits 
caused  by  an  enormous  accumulation  of  sediment. 

As  the  two  anticlinal  folds  which  have  been  marked  as  A  and  1)  in  pre- 
vious pages  approach  the  Sweetwater  and  Seminole  Hills,  the  direction 
of  the  vertical  axis  changes.  It  becomes  first  perpendicular,  and  then 
inclines  to  the  southwest.  This,  no  doubt,  is  owing  to  the  existence  pri- 
marily of  granites,  which,  in  that  region,  have  been  elevated  synchro- 
nously or  immediately  before ;  and,  secondarily,  to  the  masses  of  sedi- 
ment which  had  an  opportunity  to  accumulate  to  the  south  ward.  In 
connection  with  the  remaining  two  anticlinals  of  our  district  (C  and  D), 
we  observe  the  same  features  that  have  been  seen  occurring  near  the 
Wind  River  Range.  The  strata  involved  show  a  more  rapid  inclination 
toward  the  west  than  the  east.  So  far  a,s  the  area  which  we  examined 
is  concerned,  we  may  regard  it  as  a  rule  that  the  axes  of  anticlinal  folds 
trending  north  and  south,  with  variations  to  the  northwest,  show  a  de- 
elded  dip  to  the  east  and  northeast.  It  is  a  matter  of  some  risk  to  base 
generalizations  upon  observations  extending  over  even  more  than  10,000 
miles.  I  am  fully  aware  that  investigations  of  contiguous  regions  may 
prove  the  views  held  with  regard  to  the  elevation  of  the  Wind  River 
chain  as  untenable.    The  above  demonstration,  however,  has  suggested 
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itself  to  me  while  prosecuting  the  study  of  this  district,  and  I  believe 
that  eventually  it  will  be  found  to  be  correct. 

Concerning  the  geological  period  during  which  the  main  range  was 
elevated,  we  have  obtained  some  data,  which,  to  me,  appear  conclusive. 
Tlie  general  easterly  and  northeasterly  dip  of  the  older  sedimentary 
formations  at  the  base  of  the  mountains  is  established.  We  have  traced 
the  series,  one  conformable  upon  the  other,  from  the  Silurian  to  the  Ter- 
tiary, and  have  recognized  the  representative  of  the  Eocene,  the  Wasatch 
Group.  Uncomformably  overlying  this  last-named  member  we  observe 
the  Sweetwater  Group.  Whatever  may  be  the  position  in  systematic 
classification  to  which  this  is  assigned,  it  is  certainly  considerably 
younger  than  the  Wasatch.  This,  therefore,  is  an  instance,  where  an 
Eocene  Group,  disturbed  from  its  original,  horizontal  position  by  the  ele- 
vation of  the  main  range  and  its  accompanying  upheavals,  fails  to  remain 
conformable  with  a  younger  Miocene  Group.  Consequently,  we  must  re- 
gard the  i>eriod  of  elevation  as  falling  between  the  Eocene  and  the  termi- 
nation of  the  Miocene.  The  exact  chronological  position  it  occupies  is  not 
apparent,  but  so  much  can  be  said  with  certainty,  that  the  Wind  Kiver 
Itange  waa  elevated  after  the  dci>osition  of  the  Wasatch  Series,  and 
ruiched  high  altitudes  before  the  dejwsitiou  of  the  Sweetwater  Group. 
A  slight  dip  of  the  beds  composing  the  latter,  as  well  aa  of  the  Pliocene 
beds  covering  them,  could  be  observed  throughout  their  exposure.  This 
indicates  a  general  minor  elevation,  subsequent  to  the  Miocene  period, 
along  a  curving  line  which  essentially  forms  a  continuation  of  the  longi- 
tudinal axis  of  the  range.  The  vertical  extent  of  this  gradual  rise  was 
eomiiaratively  inconsiderable,  as  the  inclination  of  strata  reaches  a  max- 
imum of  only  5°. 

From  the  evidence  which  could  be  obtained,  I  regard  the  formation  of 
the  anticlinal  folds  east  of  the  range  as  subsequent  to  the  elevation  of 
the  mountains.  After  they  had  come  to  a  point  of  stability,  the  gentle 
rise  above  mentioned  took  place.  These  observations  confirm  the  views 
Leld  by  Dr.  A.  C.  Peale,  presented  in  the  American  Journal  of  Science 
and  Arts,  April,  1877. 

It  will  be  remembered  that  the  anticlinal  uplift  near  Salt  Wells  (7)  in 
Section  XVII)  trends  west  of  south.  At  nearly  right  angles  to  this, 
south  of  east,  we  observe  tin?  strike  of  the  leucitic  eruptions.  Nearly 
all  of  the  lava  has  been  ]>oured  out  through  fissures.  We  may  readily, 
therefore,  assume  a  causal  connection  between  the  two  phenomena. 

Sedimentary  formations  are  amply  represented  in  our  district  and  are 
studied  with  great  ease.  Typical  in  every  respect,  they  offer  very  little 
difficulty  as  to  identification.  Although  they  take  an  active  part  in  all 
the  dynamical  disturbances  of  the  region,  their  original  position,  as  well 
as  present  connection,  can  be  traced  without  much  trouble.  Some  hesi- 
tancy is  experienced  in  classifying  the  various  groups  of  the  Tertiary 
formation,  as  but  a  portion  of  the  entire  series  occurs.  In  the  preced- 
ing report  this  has  been  done  in  such  a  manner  as  is  warranted  by  the 
observations  made  in  the  field.  Paheontological  remains  are  compnri- 
tively  rare,  but  enough  were  found  to  enable  subdivision  of  formations 
into  their  respective  groups. 

An  attempt  has  been  made  to  classify  the  Archaean  rocks  with  some 
ilcgive  of  accuracy.  The  region  is  favorable  to  this  purpose,  and  the 
relations  of  the  groups,  among  themselves,  are  definite,  in  the  appended 
table  they  have  been  placed  on  a  parallel  with  eastern  systems,  but 
it  is  not  intended  that  an  absolute  identity  should  thereby  be  expressed. 
Relatively,  they  occupy  the  same  positions  west  as  east,  but  are  not  pre- 
cisely either  the  same  in  composition  or  arrangement  of  beds. 
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TABLE  OF  FOEBIATIONS. 

A  table  has  been  prepared  enumerating  the  various  formations  and 
groups  as  found  in  the  Sweetwater  district.  The  thickness  of  groups 
have  been  given  from  the  minimum  to  maximum,  and  it  has  been  indi- 
cated in  which  portion  of  the  district  the  Jatter  is  found.  Generic  names 
of  the  fossils  observed  have  been  introduced. 


Table  ejuntoraliiig  the  u 


11  formation*  and  group*  a*  found  In  tin  Sweetwater  district. 


Shrill  of  living  Gmiarojjoikii 


Character  of  at 


ul  dune*,  Mil,  loose  drift  and  gnveJ  .  - 


f.'K,  In  Mi,  iikn.i.i!  ili';»"siiH,  mid  uld  rirt 


Wliil.,  light  \ rllow,  pinV  nnd  jrwulsh 
marin  and  und*.    Sumo  bed*  of  auail- 


Wlut,     liuht  urny.  nod  buff  calcorei 
■hulv.a  und  nmri*  i  lories  iii' -111113  il' ■[". 


Mnis:vsMn.!»t™r»Biid»hnIfn.    Rod  our 
lop.    Kluilra  )-t<Unw  nurt  brown,  nintatn- 

iLi-   mI.iiiIi-       l'.,imii[    li ill iki ll "  throuilh 
thorn.    CoaL 


pfiii,  ml.  brawn.  ni 
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\e  varioia  formations  and  group!,  ft, — Continued, 


Chancier  of  strata. 


S 


•  NamoronB  Leatti.     Inverte. 

E  9.  Iimtisi  or  frenn-wnter  ntid 

5  S  liruckish- water  tvpus.     0«- 

S  a  '«a.  V'riponu,  Onto,  Ooiii- 


Surifsof  nhnleiniHl  raiulalimes,  Cra 
Hi.'  Tiiii  iiiid  upjr  basi>.  ChwA&rjfl  < 
iu  vkiniivnf  coal-  Tliiuiiiiijf  uut  i 
ward,  and  tBCOsrjiil^to  thorn 


f  noomunu*,  Oittta,  uul  othai 


iinnNdiTu^  ;<t  tn]>.     MniMivo  dark-pray 


X'1.' j  t,i.  OryfihtBO.  Ino 


Massiro  yello  w  anil  whit  e  wuiilatflncs.  wi  t  h 
'intoH.    (ir.ij.  ycllmv.  iiml 


Btlrmniln.  Ortljihrta.  PecUa, 
uul  utbur  Javtrttbrate. 


rt'liili',  n.dliTV.  pink,  iiml  li^iit-invni  mnrlit 
ijl  U.|>.     V.ll.v.-  ;.b.ll<>.  -villi  lim.'-t.iilr.". 

lower  down,    Massive  IpIuo  limiw* 

near  base.    Thicker  north. 


AYIiiir.   yi'llnw,   riml    pink   i-.wrs.'-  L'nihii-il 
H,i[nl.Ht»iii'ti.     Thiii  birds  of  wholes  bu- 


Bl  | 
5   I 


i  If 

1     Ji 


Onhoerrai,  OrlMi, 


aul  other  fusills,  a 


Vrinnld*.     Coratt,     Chan 
Bptri/tr,  Orihii.  n,r,..r, 

lj- niliciflwL 


—  ..jaiu  nininji-i.in    limu- 
ues.    Thicker  towiuil  the  aunh. 


I"i.  .!■  -TV:  i  r  i.-  ! 
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Table  enumerating  the  ntrfcnu  formation*  and  group*,  o*o,-  Con  tinned. 


1 

s 
i 

- 

A 
1 

tmfk. 

Character  of  strata. 

= 

s 

0 

- 

i 

1 

u 

r 

OrthUtritonia,    Coral*,    DUtl 
Ivctjrhalut.  and  ulnars. 

r.lin-  rhTiif  'vliilr  liirlH^t.FTio,  ciirTl  \-  .'oLlirii-. 
I  hiLily  lundml  abaloa.    Greatest  thlck- 

I 

!; 

Linjulu,  Obnhu,  ObolrUa 

Whii.'  irinl  v,  LI;, v.-.  ni«!!v!.J  .mi.::  t  :-i'.  v 
Sonu'timea  thinly  bedded,  and  again 
hrj.vih  .JiT.iiiEL.-.l.  (mitral  lucaldi-vel- 
ojiimtui.  at  Ituwliaga. 

5 

g 

e 

II 

GrnnltM,  rnmpnacd  of  orthorlnso,  olipi- 
chiao,  quilti.  jjwl  ilui'k-t'<iliirt'ii  iu!i.i;i». 
The  latter  lubfititatwl  Ly  horablenda 

i* 

Lilnidi,  itmi  iiuca.    MetulJl'i'EuiEB. 

1! 

Masai™,  atmctamlMa  cranltc*.  eompoeed 
.if  <t([i'h'1jj«,  Lvco  nuiaaea  of  wbita 
quart*  and  mnacovita. 

We  find  that  in  the  Sweetwater  district  the  total  maximum  thic! 
of  sedimentary  deposits  amounts  to  more  than  16,000  feet.  The 
mates  upon  which  the  thickness  of  Archaean  groups  are  based  mm 
ccssarily  bo  incomplete,  but  I  believe  that  the  figures  given  approa 
true  dimensions  as  closely  as  is  possible.  Were  the  structure  of  & 
and  ranges  perfectly  open,  more  reliable  results  could  be  obtained. 


APPENDIX. 


CATALOGUE  OP  MKEEALS  OCCUEEING  IN  THE   SWEET- 

WATEE  DISTE1CT. 

The  catalogue  herewith  presented  is  a  very  meagre  one  considering 
the  area  over  which  our  explorations  extended.  This  is  due,  in  part,  to 
the  fact  that  but  a  very  small  portion  of  the  area  was  composed  of  min- 
eral-bearing rocks,  and  partly  to  the  fact  we  have  no  time  to  search  sys- 
tematically for  them.  It  was  my  intention  to  prepare  a  catalogue  cover- 
ing the  entire  territory,  but  the  requisite  information  upon  the  subject  of 
distribution  of  mineral  species  does  either  not  exist  or  is  not  available. 
Whenever  the  necessary  amount  of  material  may  have  been  collected  for 
rach  a  purpose  in  a  manner  that  it  may  be  utilized,  I  propose  to  carry 
oat  my  original  plan. 

Akphtbolite. — Small  crystals  in  the  hornblendic  schists  of  the  metallif- 
erous series.    Green,  partly  fibrous,  in  granitic  syenite  near  Eawlings. 
Augite. — Minute  crystals  in  the  basalt  near  Essex  Mountain.    Found 

also  in  some  of  the  basalts  northwest  of  Salt  Wells. 
Azurite. — The  result  of  decomposition  of  chalcopyrite  in  Seminole 

Mines. 

Biotite* — Small,  six-sided  crystals  in  basalts.    Together  with  augite. 

Calcite. — Crystallized  in  small  fissures  and  druses  of  Carboniferous 

limestone.    On  Beaver  Creek,  along  the  eastern  base  of  Wind  Eiver 

Mountains,  and  in  Seminole  Hills.    Scalenohedra,  rhombohedra,  and 

combinations  of  both,  are  found. 

Chalcop yeite. — Small  quantities  in  the  mines  of  Seminole  Hills  and  of 

South  Pass  City. 
Chlorite. — In  some  of  the  granites  of  the  Wind  Eiver  Eange. 
Coal. — Bituminous  coal  occurs  in  the  Laramie  and  Wasatch  Groups. 
Is  mined  extensively  at  Eock  Springs,  Evanston,  and  other  localities. 
Cobundum. — Small  particles  in  some  of  the  high  granites  of  the  Wind 

Eiver  Eange. 
EprooTE. — Crystallized  and  massive  in  the  metamorphic  granites  of  the 

Wind  Eiver  Eange. 
Glavbekite. — In  small  quantities  in  some  of  the  "alkali -flats"  as  efflo- 
rescence. 
Gold. — In  the  Sweetwater  Mines,  Seminole  Mines,  and  other  localities. 

In  numerous  gulches  and  in  quartz  veins. 
Gypsum. — Massive  in  the  lower  beds  of  the  Triassic  formation.    Good 
exposures  found  on  the  Little  Popo-Agie. 
Alabaster. — At  the  same  locality,  white,  yellow,  and  red,  either  pure 

in  color  or  veined. 
Seknitc. — Throughout  the  Wasatch  shales  and  marls.     Single  and 
twin  crystals.    Found  in  many  shales,  irrespective  of  groups. 
Halite. — Found  in  the  alkaline  efflorescences  of  dry  lakes. 
Hematite. — Massive,  red  in  the  Palaeozoic  rocks  near  Eawlings  Springs. 
Utilized  as  flux  for  ores  and  as  red  paint. 
Fibrous. — At  the  same  locality. 
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Micaceous. — In  some  veins  traversing  the  granites  of  the  Wind 

River  Range  on  the  upper  drainage  of  the  Little  Sandy. 
Specular. — At  the  same  locality.    Occurring  mostly  in  small,  crys- 
talline masses,  rarely  crystallized. 
Limonite. — In  Cretaceous  shales  on  the  Little  Popo-Agie.    Throughout 
the  ferruginous  strata  of  the  upper  Cretaceous  beds,  in  small  deposits. 
Magnetite. — Minute  crystals  in  some  of  the  metamorphic  rocks. 
Malachite. — In  chalcopyrite,  the  result  of  decomposition  from  ore  of 

the  Seminole  Mines. 
Muscovite.— Good  crystals  in  granite  east  of  the  South  Pass.  Through- 
out the  Prozoic  granites,  sometimes  in  sheets  of  several  inches. 
Obsidian. — Scattering,  in  fragments,  transported  from  other  localities 

by  Indians. 
Oligoclase. — In  the  granites  of  the  Wind  River  Range.    Rarely  occur- 
ring crystallized. 
Olivine. — In  some  of  the  basalts  near  Essex  Mountain. 
Oiithoclase. — Red  and  ilesh-colored  in  the  Prozoic  granites.    'No  crys- 
tals were  found. 
Petroleum. — In  the  "tar  springs "  of  the  Little  Popo-Agie  and  near 

Camp  Brown. 
Piilogopite. — In  the  granites  of  the  Wind  River  Range,  as  a  constitu- 
ent mineral. 
Pyrite. — Throughout  the    Sweetwater   Mines.     Mostly  decomposed. 
Crystallizes  in  cubes.    In  the  Seminoje  Mines.    Concretionary  in  the 
shales  of  the  younger  sedimentary  groups. 
Quartz. — Crystallized  in  druses  of  the  Carboniferous  limestones.    Mass- 
ive; white,  yellow,  gray,  and  pink  in  the  Prozoic  and  inetamorphic 
granites. 
Agate. — In  the  lower  Green  River  and  upper  Wasatch  beds.    Forms 

geodes  in  Carboniferous  limestones. 
Basanite. — In  drift  originating  from  Tertiary  strata. 
Chalcedony. — Very  abundant  in  drift  and  in  the  upper  strata  of  the 
Wasatch.    Found  in  large  quantities  in  the  Carboniferous  lime- 
stones and  Pliocene  marls  north  and  northwest  of  Granite  Hills. 
Flint — Occurs  together  with  chalcedony. 
Janper. — Found  at  the  same  localities. 

Moss  agate. — Very  fine  north  of  the  Sweetwater,  at  Agate  Lakes. 
Poorer  specimens  from  the  upper  Wasatch  beds. 
Sideuitk. — Massive  in  the  metalliferous  schists  south  of  Atlantic  City. 
Tiimknandite. — In  the  alkaline  lake  deposits  as  efflorescence.    Some- 
times crystallized. 
Toi'KMAMNK. — Good  crystals,  with  double  terminations,  west  of  South 

Puss  in  granites. 
Tuona. — In  alkaline  deposits  as  efflorescence. 

\\  \  v  r.u.iTK. — Radiated  in  shales  near  Separation.    Light-green  color. 
y.tKt'oN. —  In  some  of  the  hornblendic  and  micaceous  schists  near  Camp 
iStumlmugh. 


REPORT  OF  C.  A.  WHITE,  M.  D. 


LETTER  OF  TRANSMITTAL. 

United  States  Geological  and  Geographical 

subvey  of  the  territories, 
Washingtonj  D.  C,  October  1, 1878. 

SiB:  I  have  the  honor  to  transmit  herewith  the  report  of  my  paleonto- 
geological  labors  in  the  field  for  the  season  of  1877,  together  with  other 
relevant  matter  illustrative  of  their  results.  The  field-work  assigned  to 
me  consisted  of  a  series  of  special  geological  investigations,  in  which 
paleontological  research  should  constitute  a  prominent  feature.  The 
regions  or  districts  in  which,  in  pursuance  of  this  plan,  I  have  prosecuted 
my  investigations,  have  from  time  to  time  been  more  or  less  fully  reported 
upon  as  to  the  stratigraphical  geology,  by  various  field  geologists,  but 
still  the  necessity  existed  of  correlating  the  formations  as  found  in  those 
districts  respectively,  and  upon  both  sides  of  the  principal  mountain 
ranges,  by  a  careful  collection  and  investigation  of  their  fossils.  While 
it  was  understood  to  be  essential  that  all  the  formations  which  were  trav- 
eled in  my  journeyings  should  receive  careful  study,  it  was  thought 
especially  desirable  to  investigate  those  strata  on  both  sides  of  the 
Bocky  Mountains,  which  lie  between  the  Fox  Hills  Group  of  the  Creta- 
ceous series  below  and  the  Tertiary  strata  of  exclusively  fresh-water 
origin  above.  These  strata  are  here  designated  as  the  great  Laramie 
Group,  and  include  those  which  have  been  designated,  in  the  former  pub- 
lications of  the  Survey,  as  the  Lignitic  Group,  east  of  the  Rocky  Moun- 
tains and  in  Middle  Park,  Colorado ;  the  Bitter  Creek  series  and  their 
equivalents  west  of  those  mountains,  especially  in  the  great  Green  River 
feiu  j  the  so-called  estuary  beds  of  Bear  River  Valley,  in  Southwestern 
Wyoming  and  adjacent  parts  of  Utah,  and  also  the  Judith  River  and 
Fort  Union  beds  of  the  Upper  Missouri  region. 

My  report,  having  in  part  a  narrative  form,  will  supply  all  the  desirable 
details  of  travel  and  field-labor,  but  the  following  statement  of  the  gen- 
cral  course  of  my  travel  during  the  season  will  aid  in  forming  an  idea  of 
the  geographical  scope  of  my  labors : 

Outfitting  at  Cheyenne,  Wyo.,  I  journeyed  southward,  traversing  in 
yarious  directions  a  portion  of  the  great  plain  that  lies  immediately  ad- 
jacent to  the  eastern  base  of  the  Rocky  Mountains.    The  most  easterly 
point  thus  reached  was  some  CO  miles  east  of  the  base  of  the  mountains, 
and  the  most  southerly  point  about  25  miles  south  of  Denver,  Colo.    Re- 
turning to  Denver  for  outfit-supplies  I  crossed  the  Rocky  Mountains  by 
*ay  of  Boulder  Pass ;  thence  through  Middle  Park  and  across  the  Park 
Bange  to  the  headwaters  of  Yampa  River ;  thence  down  that  river  to  a 
point  about  20  miles  west  of  the  western  base  of  the  Park  Range  of 
mountains;  thence  southeastward  to  the  White  River  Indian  Agency: 
theuce  down  White  River  valley  about  100  miles ;  thence  northwestward 
to  the  point  where  Green  River  makes  its  exit  from  the  canons  of  the 
piuta  Mountains.    Crossing  Green  River  at  that  point,  1  continued  my 
journey  westward,  near  the  southern  base  of  the  Uinta  Mountains,  cross- 
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ing  the  Wasatch  Range  at  its  junction  with  that  of  the  TJintas,  to  Great 
Salt  Lake,  the  most  westerly  point  of  my  travel.  Recrossing  the  Wasatch 
upon  the  north  side  of  the  junction  of  the  two  ranges,  I  proceeded  east- 
ward, my  general  course  lying  between  the  northern  base  of  the  Uintas 
and  the  Union  Pacific  Railroad,  and  finally  leaving  the  field  on  October 
1,  at  Rawlins  Station  on  that  railroad. 

Aside  from  accomplishing  the  special  objects  of  the  journey  here  out- 
lined, I  was  enabled  to  spend  considerable  time  in  the  district  between 
Yampa  and  White  rivers,  making  essential  additions  to  the  geological 
studies  I  had  made  there  during  the  previous  season,  the  results  of  which 
have  been  incorporated  into  my  report  for  1876,  now  in  type. 

In  the  discussions  of  the  strata  and  fossil  faunae  of  each  of  the  locali- 
ties which  I  visited  during  this  season,  as  well  as  in  the  more  general 
discussions  at  the  close  of  this  report,  I  have  made  use  not  only  of  much 
information  that  I  have  obtained  by  former  similar  field  labors,  but  also, 
for  purposes  of  comparison,  of  much  that  has  been  done  and  published 
by  others.  Therefore  the  scope  of  this  report  is  much  greater  than  the 
results  of  the  single  season's  labor  in  the  field  for  1877.  Among  this 
added,  material  are  some  lists  of  fossils  which  have  from  time  to  time 
been  sent  to  the  office  of  the  survey,  by  persons  not  officially  connected 
with  it,  from  various  and  distantly-separated  localities  in  the  western 
part  of  the  national  domain.  By  the  use  of  these,  in  connection  with 
other  information,  I  present  some  interesting  and  important  facts  con- 
cerning the  geographical  distribution  of  invertebrate  types,  especially 
during  the  Cretaceous  period. 

While  this  season's  work  is  seen  to  be  only  the  beginning  of  a  neces- 
sary series  of  similar  field  investigations,  it  is  a  matter  for  congratula- 
tion that  so  good  a  degree  of  progress  has  been  made  in  the  elucidation, 
upon  the  basis  established  as  the  result  of  your  early  labors  in  the  west- 
ern field,  of  the  questions  which  they  involve. 

Very  respectfully,  yours,  

C.  A.  WHITE. 

Prof.  F.  V.  Hayden, 
In  charge  of  the  United  States  Geological  Survey  of  the  Territories. 


UNKt   ON   THE  PALEOXTOLOGICAL  FIELD-WORK  FOR  THE 

SEASON  OF  1877. 


By  C.  A.  White,  M.  D. 


The  outfitting  camp  being  located  on  Owl  Creek,  twelve  miles  south 
of  Cheyenne,  field  examinations  were  begun  in  that  neighborhood.    This 
district  is  one  of  considerable  importance  from  the  fact  that  the  southern 
boundary  of  the  large  region  occupied  by  the  deposits  known  as  the 
White  River  Tertiary  Group,  probably  of  Miocene  age,  pjisses  through 
it  in  an  easterly  and  westerly  direction.    This  formation  is  seen  to  rest 
directly  upon  the  lignite-bearing  strata  of  the  Laramie  Group ;  and  al- 
though the  strata  of  both  formations  are  so  nearly  level  here  as  to  befray 
no  unconformity  of  deposition,  the  two  are  known  to  be  unconformable  by 
sequence.    In  other  words,  certain  Tertiary  formations  in  the  great  Green 
River  Basin  west  of  the  Rocky  Mountains,  are  now  known  to  belong  in  the 
geological  series  between  the  White  River  and  Laramie  Groups,  although 
they  are  seen  in  contact  in  the  region  under  discussion.    No  special  ex- 
amination of  the  White  River  Tertiary  beds  was  made  upon  tliis  occasion, 
except  so  far  sis  to  ascertain  their  general  characteristics  for  immediate 
comparison  with  the  Laramie  Group,  to  which  it  was  proposed  to  give 
espciial  attention.    The  White  River  formation  is  known  to  extend  from 
the  base  of  the  mountains  far  out  upon  the  great  plains,  and  also  far  to 
the  northward;  and  wherever  these  beds  exist  in  the  broad  reigon  thus 
indicated  they  cover  those  of  the  Laramie  Group,  and  are  believed  to 
rest  in  all  cases  directly,  although  unconfoniiubly,  upon  them.    In  all 
the  great  plateau  region  west  of  the  Rocky  Mountain  Range  proper,  the 
extensively  eroded  and  deeply  carved  strata  of  the  Mesozoic  and  Ceno- 
zoic  formations  are  so  perfectly  denuded  of  the  debris  resulting  from 
their  erosion  that  scarcely  any  impediment  exists  to  their  complete  and 
rapid  study.    Their  investigation  is  still  further  facilitated  by  the  spars- 
ness  of  vegetation  and  the  multitude  of  elevated  points  for  observation 
left  as  a  result  of  deep  erosion  before  referred  to.    In  the  plains  east  of 
tlw  mountains,  however,  even  the  same  formations,  retaining  the  same 
hrbologieal  characteristics  as  those  western  ones  just  mentioned,  while 
tbey  may  have  suffered  much  erosion  in  the  aggregate,  have  beeu 
ttoded  less  deeply.    Therefore  the  debris  resulting  from  their  erosion  is 
abundant  upon  the  surface,  and  the  free  exposures  of  the  undisturbed 
ftoita  are  compatively  few,  except  where  they  are  upturned  against  the 
immediate  ilank  of  the  mountains.    In  that  portion  of  the  plains,  how- 
ever, which  I  examined  in  1S77,  the  exposures  were  sufficiently  numer- 
ous, aided  by  the  extreme  simplicity  of  the  stratigraphic  structure  of  the 
ftlrimi,  to  enable  me  to  trace  out  the  formations  and  to  determine  their 
characteristics,  without  difficulty. 
The  first  exposures  of  the  Laramie  Group  which  I  examined  were 
aland  in  the  vicinity  of  some  abandoned  coal-mines  about  two  miles 
*est  of  Maynard's  Ranch,  a  few  miles  east  of  the  foot-hills  of  the  Rocky 
Mountains,  and  about  twenty-live  miles  south  of  Cheyenne.    The  strata 
here  are  nearly  level,  or  have  only  a  slight  dip  to  the  eastward,  and  the 
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openings  in  the  coal-bed  have  been  made  in  a  broad  depression  of  the 
surface,  or  shallow  valley,  along:  a  line  a  couple  of  miles  in  length  and 
having  a  northerly  and  southerly  trend.  The  rocks  here,  and  in  this 
vicinity,  both  of  the  Laramie  and  Fox  Hills  Groups,  consist  of  soft 
sandstones  and  sandy  shales,  the  latter  apparently  predominating,  and 
among  the  strata  of  the  Laramie  Group  there  are  occasional  layers  that 
contain  a  considerable  amount  of  carbonaceous  matter,  besides  the  bed 
of  coal  before  referred  to. 

In  this  neighborhood  the  only  fossils  obtained  were  from  the  Laramie 
Group,  and  with  the  exception  of  a  single  imperfect  example  of  a  Corhnla 
probably  C\  perundata  Meek  and  Hayden,  they  belong  to  one  species 
each  of  Ostrea  and  Anomia.  The  latter  is  the  Anomia  micronema  of  Meek 
which  is  common  but  not  abundant.  The  Ostrea  was  found  to  be  quite 
abundant,  especially  in  some  places.  They  were  found  to  occupy  at 
least  two  layers  of  considerable  constancy  and  extent  and  only  a  few 
feet  apart-  The  principal  oyster  layer  is  between  50  and  100  feet  above 
the  bed  of  coal  already  mentioned.  The  position  of  the  coal  and  the 
fossiliferous  layers  in  relation  to  either  the  base  or  summit  of  the  Lara- 
mie Group  as  it  exists  in  this  region  could  not  be  ascertained,  but  obser- 
vations made  both  here  and  in  the  valley  of  Crow  Creek,  where  the  same 
layers  were  clearly  recognized,  seem  to  indicate  that  their  i>osition  is 
nearer  to  the  base  than  to  the  summit  of  the  group  as  it  is  developed 
east  of  the  Rocky  Mountains.  It  may  be  remarked  here  in  passing  that 
the  aggregate  thickness  of  the  Laramie  Group  is  much  less  east  of  the 
mountains  in  Colorado  than  it  is  west  of  them  in  the  great  basin  of  Green 
River. 

The  shells  of  Ostrea  found  at  the  locality  near  Maynard's  Ranch,  like 
those  of  all  the  known  species  of  that  genus  proper,  are  very  variable, 
so  much  so  that  it  would  be  impossible  to  represent  the  species  (for  1 
regard  them  as  belonging  to  one  species  only)  by  the  most  careful  selec- 
tion of  only  a  few  examples.  After  a  careful  study  of  a  large  collection 
of  these  shells,  made  not  only  at  this  locality,  but  also  in  numerous  other 
localities  of  the  Laramie  strata  of  this  region  east  of  the  mountains, 
most  of  which  are  from  substantially  one  and  the  same  limited  horizon,  I 
am  convinced  that  they  constitute  only  one  species,  notwithstanding 
their  great  variation.  A  large  proportion  of  the  lighter,  thinner,  and 
more  elongate  shells,  are  plainly  identical  with  those  forms  that  wen* 
originally  described  by  Meek  and  Ilayden  as  Ostrea  glabra,  their  exam- 
ples having  been  obtained  from  the  Judith  River  beds  of  the  Upper 
Missouri  River  region.  Others,  among  the  larger  and  more  massive 
shells,  are  undistinguishable  from  O.  wyominf/cnsis  Meek,  as  found  at 
the  typical  locality  at  Point  of  Rocks  Station,  Union  Pacific  Railroad,  in 
the  valley  of  IMtter  ('reek,  Wyoming.  There  are  still  others,  small 
examples,  that  may  reasonably  be  referred  to  those  forms  which  Meek, 
in  vol.  ix  of  the  United  States  Geological  Survey  of  the  Territories 
referred,  and  perhaps  correctly,  to  O.  subtrifjonalis  Evans  &  Shumanl. 
Among  the  large  collections  of  these  shells  that  I  have  made  in  the  region 
adjacent  to  the  eastern  base  of  the  Rocky  Mountains  in  Colorado,  it  is 
easy  to  select  forms  that  will  connect  together  all  three  of  those  that  have 
just  been  mentioned,  and  which  have  been  described  as  distinct  species. 
Such  selections  and  arrangement  leave  the  differences  between  any  of 
the  varietal  forms  so  employed  far  within  the  most  rigid  limits  of  recog- 
nized specific  variation  among  the  OstreUla\  If  this  conclusion  is  correct, 
as  it  is  believed  to  be,  it  not  only  shows  an  identity  of  three  forms,  hith- 
erto supposed  to  be  specifically  distinct,  but  it  also  shows  a  very  wide 
geographical  distribution  of  the  species,  and  a  geological  equivalency  of 
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the  strata  in  which  they  occur.  But  this  subject  will  be  discussed 
farther  on  in  this  report,  in  connection  with  facts  of  a  similar  nature  in 
relation  to  other  8}>ecies  also. 

Going  westwardly  from  the  fossil  and  coal  locality,  in  the  neighbor- 
hood of  Maynard-s  ranch,  1  passed  the  base  of  the  foot-hills  and  went  a 
few  miles  up  u  Box  Elder  Canon,"  examining  the  strata  of  the  different 
Mesozoic  formations  as  they  successively  rise  from  beneath  the  Laramie 
Group  and  each  other,  and  are  upturned  there  against  the  flanks  of  the 
mountains. 

Owing  to  the  friable  condition  of  all  the  Laramie  strata,  they  have 
been  mostly  removed  by  erosion  wherever  they  were  formerly  upturned. 
The  formations  that  successively  rise  beneath  these  are,  in  the  descend- 
ing order,  the  Fox  Hills,  Colorado,  and  Dakota  Groups,  of  Cretaceous 
age,  and  the  "  Red  Beds,"  of  supposed  Triassic  age,  the  latter  resting 
directly  upon  the  granite.  In  this  vicinity  I  failed  to  find  any  fossils  in 
any  of  the  strata  of  these  formations  beneath  the  Laramie  Group,  but 
from  the  well-known  lithological  characteristics  of  each  group  respect- 
ively, they  were  readily  identified.  The  strata  of  the  Fox  llills  and  Col- 
orado Groups,  at  least  the  upper  portion  of  the  latter,  being  like  those 
of  the  Laramie  Group,  comparatively  soft  and  easily  eroded,  the  surface 
of  the  plains  is  continuous  toward  the  mountains  over  these  formations, 
the  foot-hills  of  the  mountains  being  composed  mainly  of  the  harder 
strata  of  the  Dakota  Group  and  the  Bed  Beds.  The  lower  i>ortion  of  the 
Colorado  Group  is  composed  in  this  region  of  light-colored,  firm,  siliceous 
shales,  which  in  some  places  are  rocky  enough  to  form  hog-backs  of  con- 
siderable elevation.  At  no  locality  east  of  the  mountains  did  I  find  the 
strata  of  the  Colorado  Group  composed  of  the  soft,  blue,  clayey  shales 
that  so  generally  characterize  that  group  west  of  the  inountaius.  In  the 
last-named  region,  however,  the  lower  portion  of  the  Colorado  Group  is 
almost  everywhere  characterized  by  a  greater  or  less  thickness  of  bluish 
or  dark  fissile  shales,  which  is  perhaps  only  a  modification  of  the  more 
rocky  ]K>rtion,  holding  a  similar  position  in  the  group  east  of  the  mount- 
ains. 

From  Box  Elder  Canon  I  traversed  the  space  between  that  point  and 
Cache  a  la  Poudre  Biver,  a  tributary  of  the  South  Platte,  which  I  reached 
oj>i>osite  the  town  of  Greeley,  going  by  the  way  of  Uigley's  coal-mine. 
I  recognized  the  existence  of  the  Laramie  Group  beneath  the  surface 
dcbri*  all  the  way,  but  collected  no  fossils  on  that  portion  of  my  route. 
From  the  valley  of  the  Cache  i\  la  Poudre  I  proceeded  eastward  to  the 
valley  of  Crow  Creek,  another  tributary  of  the  South  Platte,  having  its 
confluence  with  that  river  a  few  miles  below  that  of  the  Cache  i\  la  Poudre. 
Upon  the  elevated  ground,  constituting  the  watershed  between  these 
two  tributaries,  some  five  or  six  miles  northeastward  from  Greeley,  I 
found  some  slight  exposures  of  strata,  among  which  I  recognized  the 
fossiliferous  horizon  of  the  neighborhood  of  Maynard's  ranch.  Here  I 
obtained  not  only  the  Ostrea  and  Anomia  which  I  collected  there,  but 
also  Corbula  subundata^leek  and  Hayden,  and  Corbicula  cleburni  White. 
Going  directly  to  Crow  Creek  to  camp,  1  commenced  an  examination  of 
the  valley.  I  found  no  exposures  of  strata  between  that  point  and  the 
mouth  of  the  creek,  a  distance  of  about  five  miles,  but  along  the  eastern 
summit  of  the  valley  side,  where  I  hoped  to  have  found  exposures,  the 
surface  was  found  to  be  largely  occupied  by  sand  dunes.  Proceeding 
up  the  valley  I  found  no  exposures  of  strata  for  live  miles  more,  nor 
until  I  reached  a  point  about  ten  miles  from  the  mouth  of  the  creek. 
From  this  point  to  five  or  six  miles  farther  up  the  valley  I  found  numer- 
ous limited  exposures  of  .strata  containing  many  fossils,  mainly  on  the 
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east  side  of  the  valley.  In  this  valley,  as  in  all  the  plains  region  round 
about,  the  exposures  of  strata  are  not  only  few,  but  none  of  them  are 
extensive.  The  most  southerly  exposure  is  about  ten  miles  from  the 
mouth  of  the  creek,  and  here  I  again  recognized  the  oyster  horizon  which 
has  been  mentioned  twice  before.  The  species  mentioned  before  were 
found  abundantly  here,  and  many  other  inolluscan  species  besides,  in 
associated  layers.  I  traced  this  fossiliferous  horizon  northward  for  a 
distance  of  live  or  six  miles  above  the  point  where  I  first  discovered  it, 
and  found  it  to  occupy  nearly  a  uniform  height  above  the  level  of  the 
creek.  The  exposures  are  in  the  face  of  the  low  sloping  hills  that  border 
the  east  side  of  the  valley,  and  are  distant  from  the  creek  only  from  a 
few  hundred  feet  to  half  a  mile. 

The  full  section  of  the  strata  constituting  the  valley  side  here  was  quite 
clearly  ascertained,  although  the  debris  which  prevails  upon  the  plains 
has  so  obscured  them  in  most  places,  even  on  the  slope,  that  they  were 
not  all  observable  at  any  one  point.  The  following  is  a  record  of  the  sec- 
tion as  ascertained  by  measurements  at  several  different  points  within  the 
few  miles  that  they  were  found  exposed,  as  before  stated: 

Crow  Creek  section. 

Feet 

1.  Sandy  soil  or  debris  of  the  plains 1U 

2.  Grayish  siliceous  marl 5 

3.  Sandy  and  caleareons  layers ;  with  Corbicnla,  &o 3 

4.  Soft,  sandy,  and  argi  llaceous  material ;  wit h  Ostrea  and  Anomia 5 

5.  Arenaceous  rock,  somewhat  concretionary;  with  numerous  fresh-water  forms.    2 

6.  Arenaceous  marly  strata 20 

7.  Carbonaceous  shale 6 

&  Gray  siliceous  marl ......     6 

9.  Carbonaceous  shale 3 

10.  Gray  siliceous  marl 25 

11.  Unexposed  to  the  surface  of  the  creek 5 

No.  1  is  the  prevailing  debris  of  the  plains,  which  at  top  constitutes 
the  sandy  soil. 

No  fossils  were  found  in  No.  2,  but  it  is  evidently  a  part  of  a  continuous 
deposit  with  those  beneath. 

No.  tt  is  remarkably  prolific  in  fossils,  especially  the  genus  Corbiatla, 
of  which  there  are  no  less  than  six  or  seven  distinct  species.  In  this 
member  of  the  section  I  also  found  the  majority  of  the  examples  of  Me- 
lania  wyomingensis  Meek,  although  all  its  associates  are  regarded  as 
brackish- water  forms.  This  member  of  the  section  is  variable^  being  in 
some  places  soft,  sandy,  and  argillaceous,  while  in  others  it  is  mainly 
composed  of  harder  sandy  or  argillaceous  rock. 

No.  4  constitutes  one  of  the  most  if  not  the  most  persistent  fossil-hori- 
zons in  this  neighborhood.  It  is  especially  characterized  by  an  abund- 
ance of  the  Ostrea  and  Anomia  which  has  been  before  mentioned  as 
characterizing  a  definite  limited  horizon  in  the  neighborhood  of  May- 
nard's  ranch  and  elsewhere. 

No.  5  is  a  local  development  of  irregular  and  somewhat  concretionary 
layers,  the  rock  being  siliceous,  and  also  somewhat  argillaceous  anil 
calcareous.  The  masses  in  this  layer,  that  are  referred  to  as  concretion- 
ary, are  comparatively  large,  and  are  abundantly  charged  with  fossils, 
while  the  intervening  portions  of  the  layer  are  less  fossiliferous.  This 
member  of  the  section  was  recognized  at  only  one  point,  and  that  at  the 
southern  end  of  the  series  of  exposures  in  the  valley  of  Crow  Creek,  now 
under  discussion.  Unlike  the  other  fossiliferous  layers  which  compose 
this  section,  all  of  which  contain  brackish-water  forms,  No.  5  contains 
only  those  which  are  properly  regarded  as  of  purely  fresh-water  origin, 
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if  we  except  YoUella  (Brachydontes)  regularis  White,  a  couple  of  imper- 
fect examples  of  which  were  found  among  those  forms. 

No.  6  ought,  perhaps,  to  be  properly  subdivided,  but,  being  composed 
of  soft  material,  it  was  found  nowhere  freely  exposed.  Some  of  the  lay- 
ers seem  to  have  been  of  purely  fresh-water  origin,  because  fragments  of 
a  species  of  Unio  and  one  of  Campeloma  were  found  there ;  while  other 
layers  were  as  evidently  of  brackish-water  origin,  because  the  Ostrca 
before  mentioned  was  frequently  found  in  them,  though  it  is  not  so  abund- 
ant there  as  in  No.  4.  Although  these  fragments  of  Unio  were  too  im- 
perfect for  specific  identification,  they  were  sufficient  for  unmistakable 
generic  recognition,  and  their  discovery  has  especial  interest  as  being 
the  first  recognition  of  that  genus  that  has  hitherto  been  made  in  the 
strata  of  the  Laramie  Group  east  of  the  Rocky  Mountains  in  Colorado, 
although  many  secies  have  been  discovered  in  strata  of  that  period  west 
of  the  mountains  and  in  the  Upper  Missouri  River  region. 

Nos.  7,  8,  9,  and  10  were  found  exposed  only  at  one  locality,  in  a  gully 
that  led  down  to  the  creek.    Their  characteristics  are  doubtless  repre- 
sented with  approximate  correctness  in  the  foregoing  record  of  the  sec- 
tion, but  they  were  not  without  some  evidence  of  having  been  partially 
disturbed  by  the  valley  erosion.    Either  No.  7  or  No.  9,  or  both,  probably 
represents  the  bed  of  coal  that  is  worked  at  Higley's  Mine  and  elsewhere, 
and  is  reported  to  have  been  worked  in  this  neighborhood  also,  but  I 
did  not  find  it.    The  following  is  a  list  of  the  fossils  obtained  from  the 
different  members  of  this  section  : 

LIST  OF  FOSSILS  FROM   TILE  VALLEY  OF  CROW  CREEK,  COLORADO. 

1.  Anomia  micronema  Meek. 

2.  Anomia  gryphorhynch us  Meek. 

3.  Ontrea  glabra  Meek  &  Hayden. 

4.  Yokella  (Brachydontes)  regular is  White. 

5.  Anodonta  parallcla  White. 
>.  inio ? 

7.  Corbicula  cleburni  White. 

8.  Corbicula  obesa  White. 

0.  Corbicula  cardiniaformis  White. 

10.  Corbicula  (Leptesthes)  subclliptica  Meek  &  Hayden. 

11.  Corbicula  (Leptcsthcs)  fracta  Meek. 

12.  Corbicula  (Leptesthex)  macropwtha  White. 

13.  Corbicula  (Leptesthes)  planumbona  Meek. 

14.  Corbula  subtrigonalis  Meek  &  Hayden. 
V).  Bulinus  disjunctus  White. 

10.  Bulinus  subelongatus  Meek  &  Hayden. 

17.  Physa  felix  White. 

IS.  Goniobasis  gracilicnta  Meek  &  Hayden. 

19.  Goniobasis  nebrascensis  Meek  &  Hayden. 

*JO.  Mclania  wyomingensis  Meek. 

L'l.   Viviparus  prudentia  White. 

£J.  Tulotoma  thompsoni  White. 

£3.  Campeloma  multistriata  Meek  &  Hayden. 

24.  Corydalites  fecundum  Scudder. 

NOTES  ON  THE  LARAMIE  FOSSILS  OBTAINED  IN  THE  VALLEY  OF  CROW 

CREEK,  COLORADO. 

^o.  1.  Anomia  micronema  Meek. 

This  species  was  originally  described  by  Meek  in  the  Bulletin  of  the 
United  States  Geological  and  Geographical  Survey  of  the  Territories, 
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Xo.  1,  second  series,  p.  43,  "from  a  shaft  sunk  on  tlie  Kansas  Pacific 
Railroad,  200  miles  east  of  Denver,  Colo.,  45  feet  below  the  surface,  froui 
beds  of  the  age  of  the  Wyoming  Bitter  Creek  coal  series."  Besides  my 
own  collections  of  this  species  already  recorded,  I  found  it  also  abundant 
in  the  valley  of  Crow  Creek,  where  it  seemed  to  be  confined  to  No.  4  of 
the  section  there.  Upper  valves  only  were  discovered,  almost  all  of 
which  plainly  show  the  characteristic  radiating  striae  upon  the  surface, 
but  upon  a  few  they  are  obsolete.  In  view  of  the  apparent  identity  of 
the  muscular  markings  and  other  generic  characteristics  of  Anomia  pos- 
sessed by  these  shells,  it  seems  imperative  that  we  should  regard  them 
as  bivalves,  and  yet  it  is<Jiffi<*ult  to  understand  why  no  trace  of  an  under 
valve,  among  the  thousands  of  upper  valves  that  have  been  collected,  has 
yet  been  discovered.  These  remarks  apply  with  equal  force  to  Anomia 
gryphorhynchus,  also  of  the  Laramie  Group,  and  so  far  as  I  am  aware, 
to  all  the  species  of  that  genus  in  the  American  Mesozoic  strata.  It  is 
worthy  of  remark  that  upon  some  of  the  shells  of  the  Otttrea  found  in 
the  neighborhood  of  Maynard's  ranch,  already  mentioned  on  previous 
pages,  shells  of  Anomia  micronema  were  found  adhering  after  the  manner 
of  Patella  or  Crepidula.  In  some  cases  they  were  found  adhering  to  both 
sides  of  the  oyster-shell,  always  conforming  to  the  inequalities  of  the 
surface  of  the  latter,  and  in  all  cases  with  the  interior  surface  of  the 
Anomia  against  the  oyster-shell ;  never  the  reverse.  Furthermore,  a 
careful  removal  of  the  adhering  shell  revealed  no  trace  of  an  opposite  or 
fellow  valve  beneath  it.  These  circumstances,  together  with  the  fact  of 
the  non-discovery  of  the  under  valve,  as  before  stated,  seem  to  suggest 
at  least  the  possibility  that  only  one  valve  pertained  to  this  mollusk. 
The 'existence  of  the  characteristic  muscular  impressions  of  Anomia  in 
these  shells,  implying  the  necessity  for  both  proximal  and  distal  insertion 
of  the  muscles  into  shelly  substance,  seems,  however,  to  be  decidedly 
against  such  a  supposition.  • 

While  the  bulk  of  the  shell  substance  of  this  species,  like  that  of  other 
species  of  Anomia,  is  pearly,  and  often  brilliantly  so,  that  portion  which 
is  occupied  by  the  nearly  centrally  located  broad  muscular  scar  has  a 
subprisiuatic  structure  similar  to  that  of  the  interlamellar  layers  upon 
the  outer  surface  of  Otttrea  or  the  subepidermal  layers  of  Unio,  but  it  is 
usually  less  distinctly  prismatic  than  are  the  portions  of  the  other  shells 
referred  to. 

The  direction  of  these  shell-fibers  in  the  case  of  the  Anomia  being,  as 
in  all  other  cases,  perpendicular  to  the  plane  of  the  valve,  and  yielding 
to  destructive  disintegration  more  readily  than  the  remainder  of  the 
shell,  it  not  unfrequently  happens  that  a  hole  is  thus  made  through  the 
valve,  suggesting  that  it  may  be  the  byssal  aperture  of  an  under  valve. 
But  in  all  these  cases  the  muscular  markings  and  other  interior  char- 
acteristics show  them  to  be  upper  valves,  and  of  course  without  a  byssal 
aperture. 

Anomia  micronema,  as  will  be  seen  from  records  of  species  and  locali- 
ties on  following  pages,  is  one  of  the  most  common  species  of  the  Lara- 
mie Group  on  both  sides  of  the  Bocky  Mountains,  having  also  a  great 
vertical  range  in  that  group. 

Ko.  2.  Anomia  gryphorhyncluiH  Meek. 

This  species  was  first  described  by  Meek  in  the  Annual  Report  of  the 
United  States  Geological  Survey  of  the  Territories  for  1872,  p.  500. 
His  type-specimens  were  very  numerous,  and  came  from  a  stratum  in 
the  Bitter  Creek  series  two  miles  west  of  Point  of  Bocks  Station  on  the 
Union  Pacific  Bailroad,  Wyoming,  which  stratum  holds  a  position  sev- 
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eral  hundred  feet  beneath  the  fossiliferous  layers  at  that  station,  and 
their  equivalents  near  Black  Buttcs  Station,  some  twelve  miles  distant. 
It  has  also  been  found  at  the  higher  horizon  just  mentioned,  west  of  the 
llocky  Mountains,  and  a  couple  of  examples  were  found  in  the  Larainie 
strata  of  Crow  Creek  that  seem  unmistakably  to  belong  to  this  species. 
Besides  this,  an  example,  apparently  of  this  species,  lias  been  recognized 
among  some  fossils  collected  by  Prof.  J.  W.  Powell  in  the  Cafiou  of 
Desolation  of  Green  River,  Utah.  It  seems  to  be  a  comparatively  rare 
species  except  at  the  locality  where  it  was  originally  discovered. 

No.  3.  Ostrea  glabra  Meek  &  Hayden. 

The  same  variations  exist  among  the  examples  of  this  species  from  the 
valley  of  Crow  Creek,  where  it  is  quite  abundant,  that  have  been  noticed 
on  a  previous  page  as  prevailing  at  the  locality  in  the  neighborhood  of 
Maynard's  ranch;  and  the  same  variations  also  exist  among  the  examples 
found  here  that  suggested  the  reasons  before  mentioned  for  regarding  O. 
icyomingenxwMevk,  and  perhaps  O.  HubtrigonaUs  Evans  &  Shumard  also, 
as  specifically  identical  with  O.  glabra.  The  differences  are  believed  to 
lie  mainly  the  result  of  difference  in  age,  but  they  were  doubtless  due,  in 
part,  to  environment  also. 

This  species  especially  characterizes  No.  4  of  the  Crow  Creek  section, 
but  it  is  also  found  sparingly  in  other  members,  both  above  and  beneath 
that  one.  It  is  also  found  in  strata  both  above  and  beneath  the  one 
(No.  5)  that  appears  to  have  been  a  purely  fresh-water  deposit. 

A  curious  habit  of  this  species  (not  altogether  unknown  in  the  caae  of 
the  living  0.  mrginica  Gmeliu,  and  iirst  noticed  among  fossil  oysters 
by  Meek,  in  his  description  of  0.  Holeniscua)  is  that  three  specimens  not 
unirequently  attached  themselves  together  by  the  whole  length  of  their 
under  or  dee]  >er  valves.  Instaucesof  these  shells  being  otherwise  attached 
together  are  not  common,  and  the  great  majority  of  them  are  entirely 
free,  and  show  little  or  no  indication  of  having  been  attached  to  anything, 
at  least  since  they  were  very  small. 

The  interlamellar  layers  of  prismatic  shell  structure,  commonly  observ- 
able upon  the  exterior  surface  of  the  shells  of  living  species  of  edible 
oysters,  have  been  detected  upon  all  varieties  of  this  fossil  species  which 
have  been  obtained  from  the  Laramie  Croup.  As  a  rule,  however,  I  have 
found  it  more  plainly  shown  upon  specimens  obtained  from  localities  west 
of  the  mountains  than  east  of  them  ;  suid  in  the  case  of  all  collections  I 
have  found  it  more  distinctly  shown  upon  the  upper  than  upon  the  under 
valve.  The  latter  peculiarity  seems  also  to  prevail  in  the  case  of  the 
recent  O.  virginica  Graelin ;  but  in  other  respects  the  difference1  seems 
to  be  due  to  difference  in  the  conditions  of  their  preservation,  or  rather 
to  the  different  degrees  of  their  destructive  disintegration  and  not  to 
mere  geographical  location.  Jt  may  be  mentioned  here  that  1  have  never 
been  able  to  detect  this  prismatic  structure  upon  the  shells  of  any  species 
of  the  subgenus  Alectryonia,  nor  upon  any  of  either  Gryphwa  or  Exogyra. 
This  does  not  prove,  however,  that  such  a  struetuer  does  not  exist  in 
those  members  of  the  Ostreirfcc,  especially  so  since  I  have  hitherto  tailed 
to  find  it  upon  any  species  of  Ostrva  proper  which  I  have  found  associated 
with  those  forms. 

These  fossil  oysters  of  the  Laramie  Group  were  subject  to  a  pest  that 
produced  an  effect  upon  the  shells  somewhat  similar  to  that  which  is  pro- 
duced by  the  burrowing  sponge  Cliona  upon  the  shells  of  living  oysters. 
This  pest  to  the  Laramie  Ostrca  seems  not  to  have  been  a  burrowing 
sponge,  but  more  probably  a  burrowing  worm.  The  burrows  are  very 
numerous,  of  uniform  size,  not  larger  than  a  horse-hair,  straight  or  curved, 


168  REPORT   UNITED   STATES   GEOLOGICAL   8URVEY. 

often  branching,  the  branches  bring  nniform  in  size  with  the  main  bur- 
rows. Although  the.se  burrows  completely  ••  riddle  *  those  portions  of 
the  shell  when;  they  are  most  numerous,  they  are  not  quite  so  destructive 
in  their  effects  as  the  burrows  of  CUona  are. 

A  Polyzoan,  probably  belonging  to  the  genus Membranipora,  was  found 
encrusting  portions  of  a  few  shells  of  this  sjiecies  at  Point  of  Rocks 
Station,  but  it  has  not  Jjcen  observed  ujion  shells  from  other  localities  of 
I*arauiic  strata,  except  those  of  Rear  River  Valley.  This  Polyzoan  will 
Ix*  noticnl  under  the  head  of  collections  from  both  these  localities.  While 
the  presence  of  the  (Mrea  and  Anomia  in  those  strata  seems  sufficient  to 
prove  the  saline  condition  of  the  water  in  which  they  lived,  the  character 
of  these  parasitic  or  commensal  species  seems  to  afford  additional  proof 

No.  1.    Volxella  (Lrachydonte*)  regularis  White. 

The  specimens  regarded  as  types  of  this  species,  which  is  described  in 
the  Bulletin  of  the  United  States  Geological  and  Geographical  Survey 
of  t  lie*  Territories,  vol.  iv,  p.  707,  were  discovered  in  beds  Nos.  3  and  3 
of  the  Crow  Creek  section.  The  species,  however,  has  been  recognized 
at  several  localities  of  the  Laramie  Group  west  of  the  Rocky  Mountains, 
as  will  be  noticed  on  following  pages.  It  was  the  only  presumably 
brackish -water  species  that  was  found  in  bed  No.  5,  in  which  all  the 
other  discovered  species  are  regarded  as  of  fresh-water  habitat.    • 

No.  5.  Anodonta parallela  While. 

This  species  was  discovered  in  No.  5  of  the  Crow  Creek  section,  and  has 
not  since  been  recognized  elsewhere.  It  has  a  peculiar  elongate  form, 
resembling  tiolcmya  in  that  respect,  but  its  generic  characteristics  are 
those  of  Anodonta,  and  its  associated  species  arc  all  fresh-water  forms, 
except  the  Volnella  noticed  in  the  preceding  paragraph.  It  is  described 
in  the  Bulletin  of  the  United  States  Geological  and  Geographical  Survey 
of  the  Territories,  vol.  iv,  p.  701).  With  the  exception  of  A.  propatoris 
White*,  discovered  by  Prof.  E.  D.  Cope  in  the  Judith  River  beds  of  the 
Upper  Missouri  River,  this,  so  far  as  I  am  aware,  is  the  only  si>ecies  of 
fossil  AwMlunta.  that  has  been  discovered  in  any  North  American  strata. 
The  family,  however,  to  which  it  Iwlongs  is  well  known  to  be  abundantly 
represented  by  numerous  species  of  Unio  in  the  western  portion  of  the 
national  domain,  from  the  Jurassic  beds  to  the  Bridger  Tertiary  inclu- 
sive. The  great  differentiation  of  type  among  even  the  inore  ancient  of 
these  UnioncH,  and  their  similarity  toliving  forms,  makes  it  probable  that 
the  genus  Anodonta  coexisted  with  them  all.  The  probable  reason  why, 
with  the  two  exceptions  named,  they  have  escaped  detection,  is  the  well- 
known  fact  that  their  congenial  habitat  is  in  still  waters  and  on  a  soft 
bottom,  and  seldom  in  direct  association  with  any  species  of*  Unto. 

No.  0.  Unto f 

Only  a  few  fragments  of  this  species  were  discovered,  and  these  only 
in  No.  (>  of  the  Crow  Creek  section.  They  were  too  imperfect  for  specific 
determination,  and  are  interesting  only  from  the  fact  that  they  furnish 
the  only  evidence  yet  discovered  of  the  existence  of  the  genus  Cnio 
during  the  Laramie  period  east  of  the  Rocky  Mountains  in  what  is  now 
Colorado.  The  probabilities  are,  however,  that  they  did  exist  then  and 
there  in  considerable  numbers. 

No.  7.  Corbieula  Cleburni  White. 

Some  five  years  ago  Mr.  W.  Clcburn  discovered  this  species  in  the 
valley  of  Crow  Creek,  either  at  or  near  the  same  place  where  I  obtained 
additional  specimens  in  1877.    This  species  has  hitherto  been  found  only 
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at  that  locality,  and  was  obtained  only  from  No.  3  of  the  section.  It  is 
described  in  the  Bulletin  of  the  Geological  and  Geographical  Survey  of 
the  Territories,  vol.  iv,  p.  711. 

No.  8.  Corbicula  obesa  White. 

This  species  has  been  discovered  both  in  Crow  Creek  and  Bijou  Creek 
valleys,  but  not  elsewhere.  It  comes  from  No.  3  of  the  Crow  Creek  sec- 
tion. It  is  described  in  the  Bulletin  of  the  Geological  and  Geographical 
Survey  of  the  Territories,  vol.  iv,  p.  712. 

No.  9.  Corbicula  cardinUrformis  White. 

This  is  a  rare  but  well-marked  species.  It  was  found  only  in  bed  No. 
3  of  the  Crow  Creek  section,  and  is  described  in  the  Bulletin  of  the 
Geological  and  Geographical  Survey  of  the  Territories,  vol.  iv,  p.  711. 

Xo.  10.  Corbicula  (Leptesthes)  subelliptica  Meek  &  Iiaydcn. 

Dr.  Hayden  originally  discovered  this  species  in  the  valley  of  Cherry 
Creek,  Dakota,  in  beds  that  both  he  and  Meek  referred  either  to  the 
Fort  Union  or  Judith  River  series,  but  were  unable  to  decide  which. 
While  at  the  original  localities  these  two  groups  seem  to  be  sufficiently 
distinct,  subsequent  discoveries  (most  of  which  are  presented  in  tins 
report)  of  the  fossils  of  each  group  associated  in  the  same  layers  else- 
where make  it  doubtful  whether  they  will  ever  be  recognized  as  dis- 
tinct groups  elsewhere  than  at  the  original  localities.  C.  ( L.)  subelliptica 
k  described  and  figured  in  vol.  ix  of  the  United  States  Geological  Sur- 
vey; and  Mr.  Meek  there  refers  to  this  species  as  having  been  found  in 
the  valley  of  Bijou  Creek  (where  I  alsQ  found  it),  as  well  as  in  the  Upper 
Missouri  Kiver  region.  It  comes  from  bed  No.  3  of  the  Crow  Creek  sec- 
tion, where  it  is  associated  with  several  other  species  of  that  genus. 

No.  11.  Corbicula  (Leptesthes)  fracta  Meek. 

Several  imperfect  examples  and  fragments  of  a  species,  which  is  with- 
out doubt  identical  with  the  one  named  above,  were  found  in  bed  No.  3 
of  the  Crow  Creek  section.  The  species,  which  is  the  type  of  the  sub- 
genus Leptesthes,  was  originally  discovered  in  the  upper  part  of  the 
hitter  Creek  series,  near  Black  Buttes  Station,  Wyoming.  It  has  been 
found  there  quite  abundantly  whore  it  is  quite  variable  in  form,  and 
where  it  also  reaches  a  larger  size  than  the  average  at  the  other  localities 
at  wlrieh  it  has  been  discovered.  It  is  known  at  other  localities  west 
of  the  liockv  Mountains,  and  was  also  obtained  by  Dr.  Havden  from 
the  same  shaft  with  Nos.  1  and  13,  two  hundred  miles  east  of  Denver, 
Colo. 

No.  12.  Corbicula  {Leptesthes)  macropistha  White. 

The  type-specimens  of  this  species  came  from  No.  3  of  the  Crow  Creek 
section,  but  it  was  also  obtained  in  the  valley  of  Bijou  Creek,  and 
at  these  two  localities  only.  It  is  the  smallest  known  species  of  this 
subgenus,  in  which  respect  it  contrasts  strongly  with  the  type-species 
of  Leptesthes,  noticed  in  the  last  paragraph.  It  is  described  in  the  Bul- 
letin of  the  Geological  and  Geographical  Survey  of  the  Territories, 
voL  iv,  p.  713. 

No.  13.  Corbicula  (Leptesthes)  planumbona  Meek. 

This  species  was  obtained  in  considerable  numbers  from  bed  No.  3  of 

the  Crow  ('reek  section,  and  also,  but  less  plentifully,  in  the  valley  of 

Bijou  Creek.    It  was  originally  discovered  u  two  hundred  miles  east  of 

Denver  City,  on  the  Kansas  Pacific  Railroad,  where  they  were  found  in 

a  shaft  at  a  depth  of  40  feet  below  the  surface."    By  reference  to 
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remarks  under  the  head  of  £To.  1,  A nomia  micronemajit  will  be  seen  that 
that  species  also  was  discovered  in  the  same  shaft,  but  at  a  depth  of  45 
feet ;  that  is,  in  a  layer  beneath  the  one  in  which  the  Corhicula  here 
discussed  was  found.  The  layers  which  are  respectively  characterized 
by  these  two  species  hold  the  same  relative  position  at  both  the  Orow 
Creek  and  Bijou  ("reck  localities.  This  fact  is  without  important  signifi- 
cance, so  far  as  the  vertical  range  of  the  different  species  alone  is  con- 
cerned, at  least  that  of  the  Anomia,  the  vertical  range  of  which  is  known 
to  embrace  almost  the  entire  thickness  of  the  Laramie  Group  west  of  the 
mountains;  but  it  has  much  significance  as  indicating  great uniformity 
of  the  conditions  that  affected  deposition  of  sediment  during  the  Lara- 
mie period  in  the  region  which  now  constitutes  a  portion  of  the  great 
plains  adjacent  to  the  east  base  of  the  Rocky  Mountains  in  Colorado. 
This  subject,  however,  will  be  further  discussed  upon  following  pages. 

Ko.  14.  Corhula  subtrigondlis  Meek  &  Hayden. 

Dr.  I  lay  den  obtained  the  type-specimens  of  this  species  from  the  Ju- 
dith River  Group  of  the  TTpper  Missouri  River  region.  It  is  described 
and  figured  in  vol.  ix  of  the  United  States  Geological  Survey  of  the 
Territories.  Like  all  species  of  this  genus,  it  is  very  variable  in  surface- 
markings  and  outline,  but  there  seems  to  be  no  reason  to  doubt  the  iden- 
tity of  the  specimens  found  at  the  Crow  Creek  locality  with  the  species 
above  named,  which  is  regarded  as  identical  with  G.  pervndatu  of  the 
same  authors,  and  which  is  associated  in  the  same  strata  in  the  Upper 
Missouri  River  region.  Neither  have  I  any  serious  doubt  of  the  identity  of 
this  species  with  both  C.  tropidophora  Meek  and  C.  eramtcllifotmis  Meek, 
both  originally  described  by  him  from  specimens  obtained  from  the  Lar- 
amie strata  in  the  valley  of  Bitter  Creek,  Wyoming.  The  latter,  accord- 
ing to  Meek,  was  also  found  associated  with  Xo.  11  in  the  same  shaft, 
200  miles  east  of  Denver,  Colo.  The  differences  between  these  tonus 
that  have  received  different  specific  names  are  believed  to  be  not  greater 
than  the  range  of  properly  recognized  interspecific  variation  under  dif- 
ferent conditions  of  environment.  Several  of  the  examples  discovered, 
not  only  in  the  valley  of  Crow  Creek,  but  also  in  localities  west  of  the 
Rocky  Mountains,  are  much  larger  than  either  of  the  Upper  Missouri 
River  forms,  or  than  any  known  examples  of  C.  tropidophora^  but  this 
is  believed  to  be  only  a  variation  due  to  conditions  of  environment, 
probably  in  this  case  a  difference  of  saltness  of  the  waters. 

Xo.  15.  Bnlinus  disjunctm  White.* 

This  species  was  obtained  from  Xo.  5  of  the  Crow  Creek  section,  and 
specimens  were  also  obtained  from  the  coal-bearing  series  of  the  upper 
part  of  the  Laramie  Group  at  the  Almy  coal-mines,  near  Evanston, 
Wyo.,  that  appear  to  belong  to  this  species,  but  they  have  the  spire 
somewhat  shorter. 

Xo.  10.  Bulinws  xubclonfjatuH  Meek  &  Hayden. 

This  species  was  originally  discovered  by  Dr.  Hayden  in  the  strata  of 
the  Judith  River  Group  of  the  Tpper  Missouri  River,  and  it  was  also 
recognized  among  some  collections  made  in  that  region  by  Professor 

*  This  species  has  not  hitherto  been  described.  It  closely  resembles  Ii.  clou  gat  us 
Meek  &  Hayden,  but  the  spire  is  more  elevated,  and  consequently  the  body-volution 
is  proportionally  smaller.  Besides  this,  the  anterior  half  of  the  callus  which  forms  the 
inner  lip  is  not  appressed  against  ami  adherent  to  the  body,  whereas  the  posterior  half 
is,  and  as  the  whole  of  it  is  in  other  species  of  Bulinus,  but  it  is  deflected,  or  disjoined 
so  as  to  leave  a  kind  of  umbilical  space  between  it  and  the  body  of  the  shell.  This 
peculiarity  is  not  accidental,  as  was  at  first  supposed,  but  it  was  observed  in  aU  the 
*«Deciniens,  young  and  old,  of  both  the  localities  at  which  it  was  obtained. 
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Cope  in  1870.  It  is  described  and  figured  in  vol.  ix  of  the  United 
States  Geological  Survey  of  the  Territories.  Only  a  few  fragments, 
which  I  refer  to  this  si>ecics,  were  found  at-  the  Crow  Creek  locality, 
and  only  in  No.  5  of  that  section.  More  perfect  examples  were  found 
in  the  coal-bearing  series  constituting  the  upper  pail  of  the  Laramie 
Group,  near  Evanston,  Wyo.,  which  1  refer  to  this  species. 

So.  17.  Physafelix  White. 

Only  two  imperfect  examples  of  this  species  were  anywhere  discovered, 
ami  these  only  in  bed  No.  o  of  the  ('row  Creek  section.  It  seems  to  bo 
a  true  Pkysa,  yet  the  remarkable  inflation  of  the  body  volution  and  a 
IMMuliaritv  of  its  surface  ornamentation  suggest  probably  subgeneric 
differences.    See  Bull.  U.  S.  Gcol.  &  Geog.  Surv.  Terr.,  Vol.  IV,  p.  714. 

So.  IS.  Goniobaxut  graeiUenta  Meek  &  Hay  den. 

Dr.  Hayden  also  discovered  this  species  in  the  Judith  River  beds; 
awl  it  is  figured  and  described  in  vol.  ix  of  the  United  States  Geological 
Survey  of  the  Territories.  A  goodly  number  of  examples  were  found 
in  W  No.  5  of  the  Crow  Creek  section,  which  seem  in  all  respects  to 
possess  the  typical  characteristics  of  the  species.  Black  Buttes  Station, 
Wyo.,  is  the  only  other  locality  at  which  the  species  has  been  recognized, 
wWre  it  is  found  in  strata  of  the  upper  portion  of  the  Laramie  Group, 
but  all  the  examples  found  there  are  more  slender  than  the  types. 

So.  10.  Goniolxisis  nebrascensis  Meek  &  Hayden. 

This  species  was  among  the  large  collections  made  many  years  ago  by 
Dr.  Hayden,  from  the  Fort  Union  Group  of  the  Upper  Missouri  River 
region.    It  is  described  and  figured  in  vol.  ix  of  the  United  States  Geo- 
logical Survey  of  the  Territories.    Both  this  species  and  G.  tenmcariiiata 
of  the  same  author,  associated  together  as  they  are  where  they  were 
originally  discovered,  were  obtained  by  one  of  the  parties  under  Lieuten- 
ant Wheeler's  direction  at  Wales,  Utah,  and  are  described  and  figured  in 
White's  Report,  vol.  ix,  Parti,  Exploration  and  Survey  West  of  the  One 
Hundredth  Meridian.     G.  nebraacenmH  was  also  recognized  among  some 
fos-sils  collected  by  Prof.  J.  W.  Powell  from  strata  exposed  in  the  Canon 
of  Desolation,  of  Green  River,  in  Utah ;  and  the  same  species  only 
ua.s  found  at  the  Crow  Creek  locality,  and  only  in  No.  5  of  that  section. 
It  is  f>ossible  that  G.  tenuicarinata  is  only  a  variety  of  G.  nebrascennis,  as 
lias  l>cen  suggested  by  Mr.  Meek ;  but  if  so  it  is  an  interesting  fact  that 
the  variation  shoidd  be  so  precisely  the  sanie  at  the  two  very  distant 
localities  where  the  two  forms  are  so  intimately  associated,  while  the 
characteristics  that  distinguish  the  last-named  form  are  constant  at  ail 
the  localities  where  it  has  been  found. 

No.  20.  Mclania  tcyomingensis  Meek. 

Mr.  Meek  first  discovered  some  imperfect  examples  of  this  fine  shell  in 
the  strata  of  the  upper  part  of  the  Laramie  Group,  near  Black  Buttes 
Station,  Wyo.,  from  which  he  described  the  species  in  the  Annual 
Rei>ort  of  the  United  States  Geological  Survey  of  the  Territories,  for 
187U,  p.  ."510.  In  Professor  PowelFs  Report  of  the  Geology  of  the  Uinta 
Mountains,  published  in  1S7(>,  on  page  131,  1  unwittingly  described  the 
same  si>ecies  under  the  name  of  M.  larunda,  from  some  large  and  beau- 
tifully preserved  specimens  that  were  obtained  by  Mr.  \V.  Cleburn  from 
the  valley  of  Crow  Creek  some  three  years  previously.  Upon  my  own 
examination  of  that  region  in  1877,  1  collected  a  number  of  specimens 
of  the  same  species  from  the  same  locality.  I  got  fragments  of  it  also 
from  the  valley  of  Bijou  Creek ;  besides  which  Mr.  George  L.  Taylor,  of 
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Denver,  gave  me  a  fine  specimen  that  lie  informed  me  came  from  Horse 
Tail  Creek,  a  tributary  of  South  Platte  River,  some  seventy-live  miles 
eastward  from  Greeley,  Colo.  Besides  these  specimens  from  strata  east 
of  the  mountains,  I  collected  others  from  the  original  locality  in  the  Bit- 
ter Creek  series  at  Black  Buttes  Station ;  at  two  or  three  localities  in 
Yampa  Kiver  Valley ;  and  at  one  locality  in  White  River  Valley.  A  care- 
ful comparison  of  ali  these  specimens,  collected  at  the  localities  just  named, 
on  both  sides  of  the  Rocky  Mountains,  sljows  Jf.  iryomingemut  Meek  anil 
M.  larunda  White  to  be  one  and  the  same  species.  It  must  therefore 
take  the  name  originally  given  it  by  Meek,  which  is  here  adopted. 

At  the  Crow  Creek  locality  it  was  found  in  bed  No.  5  associated  with 
purely  fresh-water  forms,  but  more  plentifully  in  bed  Xo.  3,  where  it  was 
found  associated  with  Corbula,  Corbiculay  &c,  but  no  species  were  found 
in  that  bed  that  are  regarded  as  purely  fresh-water  forms.  It  was  found 
at  all  the  localities  named  west  of  the  mountains,  with  similar  associates, 
by  which  I  infer  that  this  species  was  capable  of  living  in  waters  that 
were  at  least  in  some  degree  saline. 

No.  21.  Vivipariis  prudentia  White. 

This  species  has  been  found  only  at  the  Crow  Creek  locality,  and  only 
in  bed  No.  5  of  that  section.  It  is  an  unusually  short  species,  and  in 
general  aspect  it  recalls  the  living  species,  V.  intertexta  Say.  It  is  de- 
scribed in  the  bulletin  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,  vol.  iv,  p.  710. 

No.  22.  Tulotoma  thompsoni  White. 

No  other  species  of  this  genus  has  yet  been  discovered  in  American 
strata,  and  only  one  living  North  American  species  is  known.  Its  claims 
to  l>e  regarded  as  a  distinct  genus  from  Vivijwriis  will  be  discussed  else- 
where. T.  thompsoni  was  first  discovered  by  me  in  the  upper  strata  of 
the  Bitter  Creek  series  of  the  Laramie  Group,  at  Black  Buttes  Station, 
Wyoming,  and  described  in  Powell's  Report,  on  the  Geology  of  the  Uinta 
Mountains,  p.  134.  It  wa«  then  found  to  occupy  a  thin  layer  immediately 
above  one  that  at  the  same  locality  is  crowded  with  Gorbimla,  but  the 
Tulotoma  apparently  had  no  other  than  purely  fresh-water  associates. 
At  the  Crow  Creek  locality  it  was  found  only  in  No.  5  of  the  section  there, 
its  associates  being  purely  freshwater  forms,  except  Vohella  (Brachy- 
dontes)  reyularvt)  which  occurs  in  that  bed  as  already  mentioned,  but 
perhaps  accidentally. 

It  has  hitherto  been  discovered  at  only  these  two  localities,  one  on 
each  side  of  the  Rocky  Mountains,  but  this  fact  shows  that  it  was  a 
widely  distributed  species,  and  it  is  found  in  large  numbers  at  both 
localities.  The  identity  of  the  species  at  these  two  distant  localities  is 
unmistakable,  but  there  appears  to  be  a  greater  variation  among  the 
examples  from  the  Crow  Creek  locality  than  among  those  obtained  at 
Black  Buttes  Station,  but  the  latter  are  mostly  very  imperfect.  One  of 
the  variations  observable  among  the  examples  obtained  in  the  valley  of 
Crow  Creek  is  a  tendency  of  the  nodes  to  become  obsolete,  even  upon 
the  last  volution.  The  aspect  of  those  examples  in  which  the  obsoles- 
cence of  the  nodes  is  greatest  is  closely  like  that  of  the  typical  forms  of 
Viriparus  trochiformis  Meek  &  llayden,  thus  suggesting  the  possible 
passage  of  a  molluscan  species  from  one  recognized  generic  form  to 
another  without  any  clearly  definable  change  of  specific  characters.* 

*  Dr.  M.  Ncnmnyr,  of  Vicuna,  has  shown  a.  similar  gradation  to  exist  between  cer- 
tain Miocene  Tertiary  forms  from  Sclavonia  which  American  conchologists  would  not 
hesitate  to  refer  respectively  to  Vici[>arus  and  Tulotoma,  but  all  of  which  he  refers  to 
the  former  genus.    The  paleontologist  is  of  course  conliued  to  the  study  of  the  aboil 
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No.  23.  Campeloma  multistriata  Meek  &  ITayden. 

This  somewhat  variable  species  was  originally  discovered  by  Dr.  Hay- 
den  in  the  strata  of  the  Fort  Union  Group  at  Fort  Clark,  Dakota,  and  is 
described  and  figured  in  vol.  ix  of  the  United  States  Geological  Survey 
of  the  Territories.    It  was  found  in  great  numbers  also  by  Mr.  J.  A. 
Allen  over  a  largo  area  of  the  Upper  Missouri  River  region,  or,  more 
properly  speaking,  in  the  region  drained  by  the  Yellowstone.    Most  of 
his  specimens  are  larger  than  either  the  type-specimens  or  any  of  those 
that  were  found  at  the  Crow  Creek  locality.    They  were  also  distin- 
guished by  a  greater  prominence  and  angularity  of  the  shoulder  at  the 
distal  side  of  the  volutions,  which,  to  a  greater  or  less  extent,  charac- 
terizes the  species,  but  no  doubt  is  entertained  of  their  specific  identity. 
The  examples  found  at  the  Crow  Creek  locality  are  closely  like  the  typ- 
ical examples,  and  were  obtained  only  from  No.  5  of  the  section  there, 
its  associates  being  fresh-water  forms.    No  unmistakable  examples  of 
this  species  have  been  discovered  at  any  locality  west  of  the  liocky 
Mountains,  but  some  imperfect  examples  of  a  closely  related,  if  not 
identical,  species  were  found  in  strata  of  the  upper  portion  of  the  Bitter 
(reek  series  at  Point  of  Hocks  and  Black  Buttes  stations,  in  Wyoming. 
The  fragment  of  Campeloma  found  in  bed  No.  G  of  the  Crow  Creek  sec- 
tion ]>erhaps  belongs  to  this  species,  but  it  was  too  imperfect  for  specific 
determination. 

So.  24.  Corydalites  fccundum  Scudder. 

The  above  name  was  given  by  Mr.  Scudder,  in  the  Bulletin  of  the 
United  States  Geological  and  Geographical  Survey  of  the  Territories, 
voL  iv,  ]>.  5,'J7,  to  an  insect  that  laid  some  remarkable  egg-masses,  which 
I  discovered  associated  with  a  part  of  the  foregoing  mollusks  in  bed 
So,  5  of  the  Crow  Creek  section.  No  trace  of  them  was  found  in  any 
other  meml>er  of  the  section,  nor  at  any  other  locality.  These  egg- 
niasses  were  found  promiscuously  intermixed  with  the  shells  of  branchi- 
friwis  and  pidmonate  mollusks,  and  had  evidently  been  drifted  more  or 
less  from  the  place  of  their  original  oviposition,  as  had  at  least  a  part 
of  the  shells  with  which  they  were  associated. 

Conclusions  that  in  their  application  pertain  alike  to  all  the  localities 
from  the  strata  of  which  I  have  made  collections  of  fossils  will  be  re- 
served for  the  discussions  closing  this  report,  but  those  observations 
that  wen*  found  to  be  more  or  less  peculiar  to  separate  localities  may 
properly  be  briefly  discussed  in  more  immediate  connection  with  their 
statement.    1  may  thus  especially  note  here  the  local  and  apparently 
limited  development  of  that  member  of  the  Crow  Creek  section  of  strata 
which  contains  a  purely  fresh- water  fauna.    It  is  true  the  full  extent  of 
that  bed  is  not  even  approximately  actually  known,  but  the  locality 
where  it  was  discovered  and  examiued  is  apparently  its  northern  border, 
and  no  trace  of  it  was  discovered  at  any  other  locality  east  of  the  llocky 
Mountains  in  Colorado.    The  evidence  that  its  northern  bonier  exists  at 
thel  ocality  mentioned  consists  in  the  fact  that  the  bed  No.  5  is  exposed  at 
only  one  i>oint,  although  the  whole  series  of  strata  which  are  exposed  in 

alone,  but  it  is  proper  to  state  that  Haldcmau's  genua  Tulotoma  was  founded  upon  tlio 
shell  only,  the  soft  parts,  so  far  as  I  am  aware,  having  never  been  described.  The  only 
known  living  American  species  of  Tulotoma,  T.  magnified,  Haldeman's  type,  is  a  very 
variable  shell,  especially  as  regards  its  nodes  and  carinas,  and  it  may  well  he  o,ues- 
tioned  whether  any  conehologist  would  have  ventured  to  separate  the  smoother  tonus 
from  Viciparu*  if  they  alone  had  beeu  known.  It  is  proper  to  state,  however,  that  the 
■hell  of  7\  magnified  is  more  massive  than  that  of  any  known  living  species  of  Vivwa- 
nut;  hut,  on  t  he  other  hand,  the  shell  of  the  fossil  species,  T.  Thompson  i,  is  not  thicker 
than  that  of  Vitiparus  generally  is,  except  where  it  is  thickened  by  the  nodes. 
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the  valley  for  a  distance  of  live  or  six  miles,  and  which  constitute  the 
Crow  Creek  section,  is  frequently  cut  from  top  to  base  by  gullies  leading 
directly  across  the  exposures  into  the  creek,  and  bed  No.  5  is  nowhere  else 
recognized,  although  the  beds  which  immediately  underlie  and  overlie  it 
respectively  are  at  those  other  points  clearly  distinguishable  and  in  con- 
tact. The  pre  valence  of  one  and  the  same  species  of  Ostrea,  both  above 
and  beneath  the  fresh-water  bed,  also  suggests  the  limited  extent  of  that 
fresh-water  deposit  and  the  unbroken  continuity  of  sedimentary  dcposi- 
sitiou  in  at  least  partially  saline  waters  at  no  great  distance  away  from 
the  limited  area  in  which  the  fresh-water  deposit  was  made.  Although 
the  border  of  this  bed  is  thus  recognized  at  the  Crow  Creek  locality,  it 
does  not  seem  to  possess  the  characteristics  of  a  true  littoral  deposit, 
such  as  water-worn  lobbies,  marks  of  wave  action,  &c.  The  presence 
in  it  of  the  insect  egg-masses,  palustral  shells,  and  fragments  of  wood 
and  deciduous  leaves,  however,  seem  to  indicate  that  a  shore-line  was  not 
far  distant. 

A  marked  peculiarity  of  the  fauna  of  the  Crow  Creek  locality  is 
the  great  prevalence  of  Corhicula,  including  both  the  typical  forms  of 
the  genus  and  those  of  the  subgenus  Leptesthes.  The  recognized  species 
are  six  in  all,  aud  some  of  them  appear  to  be  intermediate  in  character 
between  the  typical  forms  and  those  of  the  subgenus  Leptesthea,  and  one 
of  them  approaches  the  form  to  wliich  Mr.  Meek  has  given  the  subgeneric 
designation  of  Yeloritina. 

Other  important  observations  were  made  in  relation  to  the  Laramie 
Group  and  its  fossils  in  the  valley  of  Bijou  Creek,  and  elsewhere  east  of 
the  Rocky  Mountains,  but  the  plan  adopted  for  my  report  is  to  make  the 
record  of  my  observations  in  the  order  of  my  line  of  travel.  Therefore 
the  Civtaeinms  rocks  of  the  valley  of  the  Cache  i\  la  Poudre  and  other 
localities  will  now  be  discussed,  and  the  consideration  of  the  Laramie 
Group  and  its  fossils  will  be  resumed  on  following  pages. 

Returning  from  the  valley  of  Crow  Creek  to  the  Cache  k  la  Poudre,  I 
passed  up  the  south  side  of  its  valley,  by  way  of  Greeley,  to  a  point 
about  the  miles  westward  from  the  town.  Hero,  and  also  at  intervals 
within  a  distance  of  six  or  seven  miles  farther  westward,  I  found  the 
upper  series  of  Cretaceous  strata  exposed.  From  these  exposures  I 
collected  quite  a  number  of  species  of  invertebrate  fossils,  some  of  which 
tvsjHvtively  characterize  the  different  divisions  of  the  Cretaceous  series 
thai  have  been  recognized  in  the  Upper  Missouri  River  region,  from  and 
nwhuhng  the  Fort  Pierre  Group  upward.  Tltose  obtained  in  the  valley 
*\l  the  Cache  ft  la  Poudre  within  the  limits  just  named  were  collected 
*y*tul\  aU  ami  in  the  vicinity  of,  the  farms  of  Frank  Marcks  and  Aaron 
t^tetK  ivs\>ectively. 

1W  dip  of  the  strata  in  this  region  is  gently  to  the  eastward,  but  as 
^  >s  a  hule  greater  than  the  coincident  slope  of  the  stream,  one  comes 


•>v  cvxiutw  of  strata*  even  in  the  valley  side,  are  very  few,  and  the 

•i.\VnW  o\|h**hI  Nt  any  one  locality  is  very  small.    Much  the  most 

*»>*v*ts!t^*  e\|Vfi*mN  as  regards  extent  and  thickness  of  strata,  that  I 

<W*wi  S*  tfcw  \  alley*  was  found  at  and  in  the  vicinity  of  Mr.  Eaton's 

'*u*«**  *>viv  «  farms  \i  precipitous  bluff  near  the  river,  and  shows  a 

*>\ ^  *v>cv  ctf  $*wfc*  amounting  to  about  100  feet.    The  fossiliferous  layers 

tVx  Vvv**«v  axv  lW  and  limited,  but  traces,  at  least,  of  fossils  occur 

tV^vi^K***  A^  %fcoie  thickness.    No  continuous  measurements  of  the 

1 4tt^  LumwU  6*  tf*  valley  side  within  the  distance  named  could  be 
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made,  and  consequently  the  aggregate  thickness  of  them  is  not  known. 
This  thickness,  however,  is  estimated  to  be  about  250  feet  between 
Marek's  farm  and  a  point  about  four  miles  above  Eaton's  farm. 

At  the  exposures  here  referred  to  the  following  list  of  fossils  was  col- 
lected, all  belonging  to  the  extreme  upper  portion  of  the  Cretaceous 
series  beneath  the  Laramie  Group.  A  part  of  them  also  characterize 
the  highest  known  Cretaceous  strata  beneath  the  Judith  Itiver  Group 
in  the  Upper  Missouri  liiver  region,  as  shown  by  Meek  and  llayden, 
but  the  relations  of  those  fossils  in  this  respect  will  be  discussed  in  con- 
nection with  those  collected  at  Fossil  Creek,  Little  Thompson  Creek, 
the  mouth  of  the  Saint  Vrains,  &c,  because  the  strata  exposed  at  these 
localities  all  belong  to  one  natural  group. 

LIST  OF  THE  FOSSILS  COLLECTED  FROM  CRETACEOUS  STRATA  IN  THE 
VALLEY  OF  THE  CACHE  A  LA  POUDKE,  FROM  FIVE  TO  TWELVE 
MILES  WEST  OF  GREELEY,  COLORADO. 

1.  Fragments  of  fossil  wood. 

2.  Pterin  (Oxytoma)  nebrascana  Evans  &  Shumard. 

3.  Xueuia  cancellata  Meek  &  llayden. 

4.  Nueula  planimarginata  Meek  &  llayden. 

5.  Taneredia  amerieana  Meek  &  llayden. 

6.  Veniella  hvmilis  Meek  &  Hayden. 

7.  Cardium  speciosum  Meek  &  llayden. 

8.  Tellina  seitula  Meek  &  Hayden. 

9.  Maetra  (Cymbophora)  formosa  Meek  &  llayden. 

10.  Maetra  {Cymbophora)  alta  Meek  &  Hayden. 

11.  Dentalium  gracile  Hall  &  Meek. 

12.  Cylichna  scitula  Meek  &  Hayden. 

13.  Ltinatia  moreauensis  Meek  &  Hayden. 

14.  Anehura, 1 

15.  Faseiolaria  (Piestocheilm)  eulbertsoni  Meek  &  Hayden. 
10.  Plaeenticeras  lenticulare  Owen  sp. 

Leaving  the  valley  of  the  Cache  h  la  Poudre  at  a  point  about  four 
miles  west  of  Aaron  Eaton's  farm,  I  went  more  directly  westward  toward 
the  ipountains.  Search  was  made  in  this  region  for  the  line  of  junction, 
or  plane  of  demarkation  between  these  Upper  Cretaceous  strata  and  the 
base  of  the  Laramie  Group.  In  consequence  of  the  great  prevalence  of 
the  debris  of  the  plains,  which  has  already  been  referred  to,  I  was  not 
successful  in  this  search,  although  it  is  quite  evident  that  the  lower  strata 
of  the  Laramie  Group  occupy  the  upper  part  of  the  slope  of  the  valley 
side,  as  well  as  the  higher  lands  of  the  region  on  both  sides  of  the  valley. 
Higley's  coal-mine,  which  has  been  already  mentioned,  is  opened  in 
Laramie  strata  in  the  upper  part  of  the  long,  low,  sloping,  opposite 
valley-side,  and  its  position  is  thus  shown  to  be  not  far  alwve  these  Cre- 
taceous strata,  and  consequently  near  the  base  of  the  Laramie  Group. 
But  this  subject  will  be  taken  up  again  on  a  subsequent  page. 

Proceeding  westward  after  leaving  the  valley  of  the  Cache  h  la  Foudre, 

1  found  no  exposures  of  rock  until  I  reached  Fossil  Creek,  about  two 

miles  east  of  the  base  of  the  foot-hills  of  the  liocky  Mountains.    Along 

\\  ridge  having  the  local  name  of  "Fossil  Ridge,"  which  runs  southward 

from  this  creek  three  or  four  miles  parallel  with  the  foot-hills,  there  are 

considerable  exposures  of  coarse  sandstones  containing  fossils  that 

characterize  the  upper  series  of  Cretaceous  strata,  known  in  the  Upper 

Missouri  River  region  as  the  Fox  Hills  and  Fort  Pierre  Groups.    From 


176      REPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

Fossil  Ttirtge  I  passed  up  to  Spring  Canon,  and  thence  through  a  portion 
of  it  among  the  foot-hills.  Some  minor  hills  that  lie  immediately  adja- 
cent to  the  foot-liills  proper  are  formed  of  the  hardened  shales  and 
calcareous  layers  of  the  lower  portion  of  the  Colorado  Group;  but 
the  principal  foot-hills  are  mostly  in  the  form  of  hogbacks  that  were 
produced  by  the  upturning  of  the  strata  of  the  Dakota  Group  and  the 
lied  Beds. 

I  prosecuted  a  labored  but  unsuccessful  search  for  fossils  in  the  strata 
of  these  hogbacks,  as  I  did,  also,  in  those  of  Box  Elder  Canon,  which  is 
a  similar  gorge,  through  these  same  strata,  similarly  upturned.  From 
their  stratigraphieal  characteristics  and  relative  position  the  Bed  Beds 
were  easily  recognized  as  those  that  have  been  generally  regarded  as  of 
Triassic  age,  and  the  strata  of  the  Dakota  Group  were  just  as  readily 
identified,  although  no  fossils  were  discovered.  There  is  also  a  series  of 
strata  between  these  two  groups,  which,  being  softer  than  the  others, 
has  yielded  more  to  disintegration.  These  were  recognized  and  described 
by  the  late  Mr.  Marvine,  in  his  report,  as  Jurassic  strata.  In  this  he 
was  probably  correct,  but  so  far  as  I  am  aware  no  invertebrate  fossils* 
of  any  kind  have  been  found  in  these  strata  or  in  their  equivalents  east 
of  the  Iiocky  Mountains  in  Colorado,  except  a  shell  found  by  Mr.  Lakes 
and  noticed  in  connection  with  fossils  found  in  the  vicinity  of  Golden 
City,  on  a  following  page. 

Returning  to  Fossil  Kidge  I  made  considerable  collections  of  fossils 
there,  a  part  of  the  species  being  very  abundant.  They  were  obtained 
mainly  from  "  cannon-ball "  concretions,  fcome  of  which  are  very  large 
and  which  were  weathered  out  of  softer  layers  of  sandstone.  It  has 
already  l>een  mentioned  that  a  part  of  these  fossils  are  of  the  same  spe- 
cies that  characterize  the  Fort  Pierre  Group  of  the  Upper  Missouri  River 
region.  It  is  a  well-known  fact  that  several  species  of  fossils  are  com- 
mon alike  to  both  the  Fort  Pierre  and  Fox  Hills  Groups,  even  in  the 
region  just  mentioned,  and  this  is  so  especially  the  case  in  Colorado 
that  no  attempt  is  made  to  separate  them,  and  I  have  in  my  report 
of  last  year  ranged  the  equivalents  of  both  groups  under  the  single 
name  of  Fox  Hills  Group,  and  shall  do  so  in  this  report.  It  is  neverthe- 
less true  that  a  greater  proportion  of  the  species  found  in  the  lower  part  of 
the  Fox  Hills  Group,  as  thus  recognized  in  Colorado,  are  identical  with 
those  of  the  Fort  Pierre  Group  than  with  those  of  the  Fox  Hills  Group, 
as  those  two  groups  are  recognized  in  the  Upper  Missouri  River  region. 
This  fact  is  apparent  in  the  strata  exposed  in  Fossil  Ridge,  as  is  shown 
in  the  following  list  of  fossils: 

Not  only  this  fact,  but  also  the  known  dip  to  the  eastward,  which 
brings  up  lower  and  lower  strata  toward  the  foot-hills,  indicates  that 
those  at  Fossil  Ridge  belong  to  a  lower  horizon  than  those  which  I 
examined  in  the  valley  of  the  Cache  i\  la  Poudre. 


LIST   OF   CRETACEOUS  FOSSILS   COLLECTED   AT    FOSSIL  RTDGE,    TIIREE 
MILES    SOUTHEASTWARD    FROM    SPRING     CA 
MILES   SOUTH   OF  FORT   COLLINS,  COLORADO. 


MILES    SOUTHEASTWARD    FROM    SPRING     ('ANON,    AND    ABOUT     SIX 


1.  Ostrra  patina  Meek  &  Hayden  ? 

2.  Pinna  lalrsi  White. 

tt.  Ptvria  linyuiformi*  Evans  &  Shumard. 


*  Some  remarkable  Diiiosnurian  remains  have  been  obtained  from  the  upper  strata 
of  this  ^roup  at  tin1  town  of  Morrison,  on  Dear  Creek,  Colorado.  See  address  of  I*rof. 
O.  C.  Marsh,  l'roe.  Am.  Assoc.  Adv.  Sci.  vol.  xxvi,  pp.  22  it  seq.  See  also  further 
remarks  on  a  following  page. 
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4.  Inoccramus  oblongm  Meek. 

5.  Inoceramus  vanuxemi  Meek  &  Hayden. 

6.  Cardiufn  specioium  Meek  &  Hayden. 

7.  Callista  deweyi  Meek  &  Hayden. 

8.  Mactra  (CymbopJiora)  warrenana  Meek  &  Hayden. 

9.  Glybcmeris  berthmidi  White. 

10.  Anchura  haydeni  White. 

11.  Bacuiites  ovatus  Say. 

12.  Scapkites  nodosum  Owen. 

13.  Placenticeras  placenta  var.  De  Kay  sp. 

The  different  species  composing  this  list  will  be  discussed  on  following 
pages,  in  connection  with  those  of  other  lists  obtained  from  other  local- 
ities in  this  district. 

The  junction  between  the  Fox  Hills  strata  at  or  in  the  vicinity  of 
Fossil  liidge,  and  the  Colorado  Group  beneath  them,  was  found  to  be 
everywhere  covered  by  the  debris  of  the  plains,  but  it  is  probably  not 
more  than  one  or  two  hundred  feet  beneath  the  lowest  strata  exposed 
at  that  locality,  as  all  the  strata  begin  almost  immediately  to  rise  rap- 
idly to  the  foot-hills.  I  desired  very  much  to  know  the  aggregate  thick- 
ness of  the  Fox  Hills  Group  of  this  region  from  that  junction  to  the 
highest  strata  of  the  series,  at  Marcks's  farm,  but  on  account  of  the 
obscuration  of  a  large  part  of  the  series,  and  the  varying  dip,  I  found 
myself  unable  to  estimate  it  with  any  good  degree  of  satisfaction. 

Proceeding  southward  from  Fossil  Creek  to  the  valley  of  Thompson 
Ever.  I  examined  its  valley,  without  adding  materially  to  the  facts 
already  enumerated.  I  then  crossed  southeastwardly  to  the  Little  Thomp- 
son Creek,  in  the  south  valley  side  of  which  I  found  some  exposures  of* 
Cretaceous  strata,  theaggregate  exposed  ttiickness  of  which  is  apparently 
not  above  40  or  50  feet.  Here  I  made  the  collections  of  the  following 
list,  which,  it  will  be  seen,  corresponds  more  nearly  with  those  obtained 
in  the  valley  of  the  Cache  t\  la  Poudre  than  with  the  Fossil  Ridge  col- 
lection, a  list  of  which  has  just  been  given.  It  differs  somewhat,  how- 
ler, from  the  collection  obtained  from  the  upper  layers  as  they  are 
found  both  at  Marcks's  farm,  on  the  Cache  *\  la  Poudre,  and  at  the  mouth 
of  the  {Saint  Vrains,  which  latter  locality  will  presently  be  noticed.  I 
therefore  regard  these  strata  in  the  valley  of  Little  Thompson  Creek  as- 
holding  a  position  intermediate  between  the  strata  of  Fossil  Kidge  and. 
those  of  the  summit  of  the  group  as  developed  in  this  district. 

USTOF  FOSSILS    COLLECTED   IN   THE  VALLEY  OF  LITTLE  THOMPSON: 

CBEEK. 

3*  CreneUa  elegantula  Meek  &  ITayden. 
*•  ftphceriola  f  obliqua  Meek. 
*  tiphwriola  I  endotrachys  Meek. 
j*  Veniella  humilis  Meek  &  Hayden. 
*J'  Cardium  speeiosum  Meek  &  Hayden. 
?  l*rotocardia  rara  Evans  &  Shuinard  sp. 
'  •  -Protocardia  subquadrata  Evans  &  Shumard  sp. 
*•  €allista  devceyi  Meek  &  Hayden. 
jj-  Tcllina  scitula  Meek  &  Hayden. 
f  i  •  Ihracia  gracilis  Meek  &  Hayden. 
f  *•  Teredo  t  borings  in  fossil  wood. 

rr  •  Janatia 1 

***•  Ancftura  americana  Evans  &  Shumard  sp. 
*•  ffeudobuccinum  nebrasceme  Meek  &  Hayden. 
12as 
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15.  Placenticeras  lentici&are  Owen  sp. 

16.  Fish  vertebrae. 

From  the  valley  of  Little  Thompson  Greek  I  continued  somtheast- 
wardly  to  the  valley  of  the  Saint  Vrains,  meeting  "with  no  other  expos- 
ures of  strata  until  I  reached  that  valley.  Proceeding  down  the  valley 
upon  its  northern  side  I  observed  a  few  slight  exposures  of  friable  sand- 
stones in  the  valley  side,  and  although  I  obtained  no  fossils  from  them 
I  regard  them  as  belonging  to  the  Fox  Hills  Group. 

Beaching  the  confluence  of  the  Saint  Vrains  with  the  South  Platte 
River,  I  found  considerable  exposures  of  the  uppermost  strata  of  the 
Fox  Hills  Group.  For  the  distance  of  a  mile  or  more,  these  strata,  hav- 
ing a  visible  thickness  of  about  60  feet,  are  exposed  in  the  form  of  a 
more  or  less  precipitous  bluff  with  a  talus  of  dibris  at  its  base.  These 
strata  are  composed  of  soft,  sandy,  and  partially  argillaceous,  bluish,  and 
grayish  material  below,  capped  with  sandstones  above,  the  layers  of 
which  vary  in  condition  from  hard  and  somewhat  massive  to  soft  and  lam- 
inated. The  principal  or  only  layer  containing  invertebrate  fossils  was 
found  near  the  top  of  the  section,  and  only  two  or  three  feet  in  thick- 
ness. Some  eight  or  ten  feet  above  this,  in  softer  sandstone  layers,  that 
peculiar  fucoid,  Halymenites,  was  found  in  abundance.  Above  this  is  a 
few  feet  of  still  softer  sandy  material  that  merges  above  into  the  debris 
of  the  plains. 

As  will  be  seen  by  the  following  lists  of  fossils  collected  here,  these 
strata  are  without  doubt  exactly  equivalent  with  the  uppermost  layers 
found  in  the  valley  of  the  Cache  &  la  Poudre,  and  are  doubtless  the  high- 
est Fox  Hills  strata  that  exist  in  this  region ;  they  are  also  without 
doubt  the  highest  marine  Ceretaceous  strata  that  are  yet  known  in  North 
America.*  Between  the  top  of  the  section  at  the  mouth  of  the  Saint 
Vrains  and  the  higher  adjacent  land  surface  there  is  sufficient  thickness 
of  material  to  make  it  evident  that  the  lower  strata  of  the  Laramie  Group 
exist  there,  but  they  were  not  recognized  with  certainty.  However,  for 
reasons  that  I  shall  state  farther  on,  I  think  it  not  improbable  that  the 
bed  containing  the  Halymenites  belongs  to  the  Laramie  Group.  If  so. 
there  is  no  perceptible  plane  of  demarkation  between  the  Fox  Hills  and 
Laramie  Groups,  at  least  at  this  point. 

:list  of  fossils  COLLECTED  at  the  mouth  of  the  saint  VRAINS 

RIVER,  COLORADO. 

1.  Halymenites  major  Lesquereux. 

2.  Pteria  Haydeni  Hall  &  Meek. 

3.  Nucula  planimarginata  Meek  &  Hayden. 

4.  Tancredia  americana  Meek  &  nayden. 

5.  Gardium  speciosum  Meek  &  Hayden. 

6.  Protocardia  subquadrata  Meek  &  Hayden. 

7.  Tcllina  scitula  Meek  &  Hayden. 

8.  Tellina  equilateralis  Meek  &  Hayden. 

9.  Mactra  (Gymbophora)  tcarrenana  Meek  &  Hayden. 

10.  Mactra  {Cymbophora)  alta  Meek  &  Hayden. 

11.  Pholadomyaf 

12.  Pachymya  herseyi  White. 

13.  JJentalium  gracile  Hall  &  Meek. 

14.  Gylichna  scitula  Meek  &  Hayden. 

15.  Actccon  woosteri  White. 

'Whether  the  Laramie  Group  is  of  Cretaceous  age  or  not  will  be  briefly  discussed 

■  on  following  pages. 
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1 6.  Acfaonina  prosocheila  White. 

17.  Lnnatia 1 

18.  Fesciolaria  (Piestocheilus)  culbertsoni  Meek  &  Hay  den. 

19.  Ammonites 1 

20.  Placenticeras  lenticulare  Owen  sp. 

21.  Lamna 1 

22.  Bones  and  scales  of  teliost  fishes. 

The  district  which  I  have  thus  traversed,  and  which  is  embraced 
between  the  South  Platte  River  on  the  east  and  the  base  of  the  Rocky 
Mountains  on  the  west,  and  the  Cache  &  la  Poudre  on  the  north  and 
the  Saint  Vrains  on  the  south,  probably  presents  the  l>est  exemplifica- 
tion of  the  Cretaceous  groups,  more  especially  of  the  Fox  Hills  Group 
and  its  fauna,  that  is  to  be  found  east  of  the  Rocky  Mountains  in  Colo- 
rado. The  strata  with  which  I  am  now  more  immediately  concerned  are 
those  to  which  I  have  in  my  report  for  last  year  applied  the  single 
name  of  Fox  Hills  Group,*  and  which  are  here,  without  doubt,  both  the 
stratigraphical  and  paleontological  equivalent  of  all  those  in  the  Upper 
Missouri  River  region,  to  which  both  the  names  Fort  Pierre  Group  and 
Fox  Hills  Group,  Upper  and  Lower,  have  been  applied.  Those  northern 
divisions  are  no  doubt  sufficiently  characteristic  there,  but  their  recogni- 
tion as  indicating  seperate  epochs  of  geological  time  is  impracticable  here. 
Therefore,  in  the  following  discussion  of  the  species  I  shall  consider  as 
belonging  to  only  one  category  all  that  have  been  separately  enumerated 
as  cooling  from  the  valley  of  the  Cache  &  la  Poudre,  Fossil  Ridge,  the 
valley  of  Little  Thompson  Creek,  and  the  mouth  of  the  Saint  Vrains 
River ;  but  1  shall  discuss  the  subordinate  horizons  that  are  indicated 
by  certaiu  of  the  species,  in  connection  with  their  separate  consideration, 
in  the  following  notes: 

NOTES  ON  THE  FOSSILS  OF  THE  FOX  HILLS  GROUP  AS  DEVELOPED 
IX  COLORADO,  EAST  OF  THE  ROCKY  MOUNTAINS.! 

1.  Halymenites  major  Lcsquereux. 

The  only  localities  east  of  the  Rocky  Mountains  at  which  I  obtained 
this  fucoid  is  at  the  mouth  of  the  Saint  Vrains,  and  in  the  valley  of 
Platte  River  some  eighteen  miles  east  of  Greeley,  but  Dr.  Hayden  and 
others  report  it  at  several  localities  in  that  region,  and  as  holding  a  simi- 
lar stratigraphical  position.  Although  I  am  much  inclined  to  regard 
this  as  a  Laramie  fossil,  I  discuss  it  in  connection  with  the  Cretaceous 
fossils  of  this  region  as  a  matter  of  convenience.  Its  upward  range  west 
of  the  Rocky  Mountains  is  to  the  very  summit  of  the  Laramie  Group, 
where  I  have  found  it  near  Black  Buttes  Station,  in  the  valley  of  Bitter 
Creek,  Wyoming.  Even  here,  however,  it  was  in  or  beneath  strata  that 
contain  brackish-water  invertebrate  fossils.  So  far  as  I  am  aware,  it  has 
never  been  found  in  stata  containing  only  fresh-water  mollusks,  but  it 

*  Mr.  Clarence  King,  in  his  map  of  the  Green  River  Basin,  applied  the  name  Col- 
orado Group  to  the  equivalents  of  not  only  the  Fort  Benton  and  Niobrara  Groups,  but 
h«-  included  with  them  the  equivalent  of  the  Fort  Pierre  Group  also,  leaving  the  Fox 
Hills  Groap  to  stand  alone,  as  Hayden  and  Meek  did  originaUy.  There  are  excellent 
paleontological  objections  to  such  a  division  between  the  equivalents  of  Fort  Pierre 
and  Fox  Hills  Groups,  but  not  between  those  of  the  Fort  Pierre  and  Niobrara  Groups. 

t  All  the  invertebrate  fossils  of  this  list,  unless  otherwise  stated,  are  figured  in  vol. 
ix  of  the  United  States  Geological  Survey  of  the  Territories.  This  applies  not  only  to 
the  specie*  originally  described  by  Meek  and  Hayden,  but  to  those  of  other  authors 
also. 
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has  been  reported  from  the  marine  Cretaceous  strata  of  the  Fox  Hills 
Group  at  several  points  west  of  the  Rocky  Mountains.  Regarding  it 
provisionally  as  a  Laramie  fossil  of  course  implies  the  reference  of  the 
stratum  containing  it  east  of  the  mountains  to  the  Laramie  Group,  which 
Dr.  Hayden  has  usually  regarded  as  the  lower  stratum  of  the  Lignitic 
series;  but  as  the  sedimentation  was  evidently  continuous  from  the  lower 
to  the  upper  of  these  groups,  he  is  understood  to  have  selected  that 
stratum  as  approximately  upon  the  plane  of  demarcation  between  them. 
This  fucoid  is  quite  abundant  at  the  Saint  Yrains  locality. 

2.  Fossil  wood. 

Fragments  of  fossilized  exogenous  wood  are  somewhat  commonly  met 
with  in  these  Cretaceous  strata,  both  in  the  form  of  comminuted  carbon- 
ized material,  and  that  of  pieces  of  wood  which,  although  mineralized, 
still  retain  much  of  the  original  texture  and  as]>ect.  In  the  latter  con- 
dition it  is  not  unfrequently  found  to  have  been  bored  by  a  species  of 
Teredo. 

3.  Ostrea  patina  Meek  &  Hayden  t 

A  few  scattered  shells  of  an  Ostrea  were  found  among  the  other  fos- 
sils at  Fossil  Ridge,  winch  probably  belong  to  this  species,  which  was 
originally  described  from  the  Fort  Pierre  Group  of  the  Upper  Missouri 
River  region.  The  species  of  this  genus  are  too  variable,  and  the  speci- 
mens in  question  too  few  to  allow  of  positive  specific  identification, 
besides  which  0.  patina  is  an  unusually  variable  species. 

4.  Pteria  hai/deni  Hall  &  Meek. 

Dr.  Hayden  originally  discovered  this  species  in  the  vicinity  of  Fort 
Pierre,  on  the  Upper  Missouri  River,  near  the  base  of  the  Fort  Pierre 
Group,  and  with  the  present  exception,  so  far  as  I  am  aware,  it  has  not 
been  found  elsewhere.  A  single  valve  only  was  found  at  the  mouth  of 
the  Saint  Vrains,  but  it  seems  to  be  identical  with  the  species  here 
named.  The  original  description  and  figure  given  by  Hall  and  Meek  are 
copied  in  vol.  ix  of  the  United  States  Geological  Survey. 

5.  Pteria  linguifonnis  Evans  &  Shumard. 

This  is  nowhere  a  very  abundant  species,  but  it  is  one  of  the  most 
widely  distributed  of  those  which  characterize  the  Cretaceous  strata  of 
the  West.  It  occurs  on  both  sides  of  the  Rocky  Mountains,  but  I  ob- 
tained it  myself  only  at  Fossil  Ridge,  in  the  district  under  discussion. 
It  is  also  known  to  range  through  both  the  Fort  Pierre  and  Fox  Hills 
Groups  of  the  Upper  Missouri  River  region,  where  it  was  first  discovered. 
This  species  is  very  like  the  Avicula,  nitida  of  Forbes,  from  the  Creta- 
ceous rocks  of  Southern  India;  but  it  is  not  my  purpose  in  this  connec- 
tion to  discuss  questions  of  identity  of  these  species,  except  so  far  as 
relates  to  the  equivalency  of  the  strata  in  wliich  I  found  them  with  other 
Cretaceous  strata  of  Xorth  America. 

6.  Pteria  (Oxytoma)  nebrascana  Evans  &  Shumard. 

This  is  also  a  widely-distributed  and  often  abundant  species,  being 
found  in  both  the  Fort  Pierre  and  Fox  Hills  Groups  of  the  Upper  Mis- 
souri River  region,  and  also  having  been  discovered  far  up  in  British 
America.  It  was  found  abundantly,  but  not  very  well  preserved,  in  a 
thin,  soft,  sandy,  and  clayey  layer  near  Frank  Marck's  farm,  five  miles 
west  of  Greeley. 
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7.  Pinna  lakesi  White* 

This  species  has  been  found  only  at  Fossil  Ridge,  and  being  new,  it  lias 
little  value  for  comparison  in  this  discussion. 

&.  Inoeeramus  oblongw  Meek. 

This  is  one  of  the  largest  and  most  robust  species  of  the  CatUlus  section 
of  the  genus  Inoceramm  that  is  yet  known  in  American  strata.    Meek's 
original  specimens  were  obtained  from  the  vicinity  of  Fossil  Ridge,  and, 
so  far  as  1  am  aware,  it  has  not  been  certainly  identified  in  any  other 
district,  except  the  vicinity  of  Morrison,  Colo.,  where  Mr.  A.  Lakes  ob- 
tained some  imperfect  specimens  apparently  belonging  to  this  species. 
It  is  very  abundant  and  generally  very  large  at  Fossil  llidge,  some  of 
the  shells  being  nearly  a  foot  in  length  and  fully  four  inches  in  transverse 
diameter.    The  shell  substance  is  comparatively  thin,  although  the  shells 
are  so  large.    Most  of  the  specimens  were  found  with  both  shells  in  jux- 
taposition, as  were  also  those  of  most  of  the  other  associated  bivalves, 
probably  indicating  that  the  waters  in  which  they  lived  and  died  were 
comparatively  still.    It  is  probable,  however,  that  these  Inoeerami  died 
in  the  sand  into  which  they  had  burrowed,  and  which  now  forms  their 
stony  sepulchre.    The  original  description  of  this  speeies  is  in  the  form 
of  a  brief  foot-note  to  page  297  of  the  Annual  Report  of  the  United  States 
Geological  Survey  of  the  Territories  for  1870.    It  is  also  described  and 
figured  in  another  part  of  this  report. 

0.  Inoeeramus  vanuxemi  Meek  &  Hay  den. 

Dr.  Hayden  originally  discovered  this  speeies  at  the  Great  Bend  of 
the  UpjK?r  Missouri  River,  and  it  seems  not  to  be  a  common  species.  I 
found  it  only  at  Fossil  Ridge,  the  specimens  being  apparently  identical 
vith  authentic  examples  of  the  species  from  the  Upper  Missouri  River 
region.  This  species  is  not  improbably  the  same  as  /.  sagenxis  Owen, 
but  I  defer  the  discussion  of  that  question  until  a  future  occasion. 

30.  Vrenella  degantula  Meek  &  Hayden. 

The  original  specimens  of  this  species,  also,  were  collected  by  Dr.  Hay- 
den. He  obtained  them  from  the  valleys  of  both  the  North  Platte  and 
Yellowstone  Rivers,  and,  so  far  as  I  am  aware,  the  speeies  has  not  been 
elsewhere  found  until  I  obtained  it  in  the  valley  of  Little  Thompson  Creek, 
where  alone  I  have  found  it  Its  position  there  is  near  the  top  of  the  Fox 
Ilills  Group  as  developed  east  of  the  Rocky  Mountains  in  Colorado,  but 
in  the  original  localities  it  was  found  in  both  the  Fort  Pierre  and  Fox 
Hills  Groups  as  they  are  recognized  in  the  Upper  Missouri  River  region. 

11.  Xucula  cancellata  Meek  &;  nayden. 

This  is  a  widely  distributed  species,  having  been  collected  at  various 
localities  in  Dakota,  Wyoming,  Montana,  and  Idaho  Territories.  I 
found  some  imperfect  examples  of  it  in  the  valley  of  the  Cache  a  la 
Poudre,  and  Capt.  E.  L.  Berthoud  has  sent  examples  to  the  omee  of  the 
Survey  from  near  Golden  City,  Colo.  At  both  the  latter  localities  it 
was  found  in  the  upper  strata  of  the  Fox  nills  Group,  but  Dr.  Hayden 
found  it  in  the  valley  of  the  Yellowstone  to  range  as  low  as  the  upper 
part  of  the  Fort  Pierre  Group. 

*  Tbi»  species  is  named  in  honor  of  Mr.  Arthur  Lakes,  of  Golden,  Colo.,  and  has  not 
hitherto  been  described.  It  is  sometimes  near  a  foot  lone,  slender,  sides  not  angular 
along  the  middle  nor  very  convex ;  dorsal  bonier  longer  than  the  base ;  posterior  bor- 
der convex,  and  sloping  from  about  the  middle  far  forward  and  meeting  the  base  with- 
out an  angle.  Surface  marked  with  slender,  slightly-raised,  radiating  ribs,  extending 
from  front  to  rear  and  covering  both  valves  above  and  in  part  below  the  median  line. 
The  ribs  are  nearly  of  uniform  size  throughout,  except  near  the  beak,  but  are  wider 
apart  behind  than  in  front. 
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12.  Ifucula  planimarginata  Meek  &  Hayden* 

The  localities  east  of  the  Rocky  Mountains  in  Colorado  at  which  this 
species  has  been  found  are  the  valley  of  the  Cache  &  la  Poudre,  the 
mouth  of  the  Saint  Vrains,  and  near  Golden  City,  at  all  of  which  places 
it  seems  to  hold  a  position  near  the  top  of  the  Fox  Hills  Group.  I  am 
not  aware  that  it  has  anywhere  been  found  at  a  lower  horizon,  it  having 
been  found  only  in  the  Fox  Hills  Group  of  the  Upper  Missouri  River 
region. 

13.  JSplueriolaf  obliqua  Meek. 

The  original  description  of  this  species  is  in  the  Bulletin  of  the  United 
States  Geological  and  Geographical  Survey  of  the  Territories,  2d  series, 
No.  1,  p.  46,  but  it  has  never  yet  been  figured.  I  found  it  only  in  the 
valley  of  the  Little  Thompson.  These  and  the  type  specimens  are  the 
only  representatives  of  the  species  yet  discovered.  The  latter  were  found 
some  eighteen  or  twenty  miles  south  westward  from  the  locality  of  the 
former. 

14.  Sphwriola?  endotrachys  Meek. 

The  type-specimens  of  this  species  were  obtained  from  "  ninety  miles 
below  Fort  Benton  on  the  Missouri,  from  Cretaceous  beds  holding  a 
position  in  the  very  upper  part  of  the  Fox  Hills  Group."  1  found  it  in 
a  similar  position,  associated  with  the  foregoing  species,  in  the  valley  of 
Little  Thompson  Creek.  It  has  never  been  reported  as  occurring  else- 
where. One  of  my  examples  especially  shows  a  still  greater  degree  of 
roughness  of  the  inner  surface  than  is  represented  by  Meek's  figures. 

15.  Tancredia  americana  Meek  &  Hayden. 

The  first  known  specimens  of  this  species  were  obtained  "  from  a  Cre- 
taceous bed  holding  a  position  in  the  very  upper  beds  of  the  Fox  Hills 
Group  at  the  mouth  of  Judith  River  on  the  Upper  Missouri."  I  obtained 
it  in  the  valley  of  the  Cache  ;\  la  Poudre,  and  at  the  mouth  of  the  Saint 
Vrains,  where  it  holds  a  similar  position.  I  am  not  aware  that  it  has 
ever  been  found  at  a  lower  horizon,  and  it  may  therefore  be  regarded 
as  one  of  the  species  which  characterize  the  very  highest  strata  of  undis- 
puted Cretaceous  age  in  North  America. 

18.  Tancredia  f  ccelionotm  White. 

One  of  the  types  of  this  species,  which  is  described  and  figured  in 
another  part  of  this  report,  waa  recognized  in  a  collection  sent  to  the 
Survey  by  Mr.  J.  C.  Hersey  from  "  the  Cache  i\  la  Poudre,  ten  miles 
west  of  Greeley,  Colo."  Only  two  examples  of  it  have  been  discovered, 
the  exact  locality  of  the  other  not  being  accurately  known. 

17.  YenicUa  humilte  Meek  &  Hayden. 

Dr.  Hayden  first  discovered  this  species  in  the  Fox  Hills  Group,  on  a 
branch  of  Cheyenne  River,  near  the  Black  Hills.  I  obtained  a  goodly 
number  of  specimens  of  it,  well  preserved,  in  the  valleys  of  the  Cache  a 
la  Poudre  and  Little  Thompson  Creek.  At  both  these  localities  it 
seems  to  hold  a  position  above  the  middle  of  the  Fox  Hills  Group,  as 
it  is  developed  east  of  the  Rocky  Mountains  in  Colorado.  So  far  as  1 
am  aware,  it  has  never  been  found  west  of  the  Rocky  Mountains. 

18.  Cardium  speciosum  Meek  &  Hayden. 

This  seems  to  be  a  widely  distributed  species,  and  to  characterize  the 
uppermost  layers  of  the  undisputed  Cretaceous  rocks  of  the  West,  where 
alone  it  has  been  found  in  the  Upper  Missouri  River  region.  The  lowest 
horizon  at  which  it  is  known  to  have  been  found  is  that  of  the  strata  at 
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Fossil  Ridge,  where  I  discovered  it;  which  strata,  although  not  sepa- 
rable from  the  Fox  Hills  Group  in  Colorado,  arq  no  doubt  equivalent 
with  those  of  the  Fort  Pierre  Group  in  the  Upper  Missouri  River  region. 
1  obtained  it  in  considerable  numbers  from  the  higher  strata  of  the  Fox 
Hills  Group  at  the  mouth  of  the  Saint  Trains  and  in  the  valleys  of  the 
Cache  &  la  Poudre  and  Little  Thompson  Creek.    Some  well  preserved 
pieces  of  the  test  of  this  species  obtained  at  Fossil  Ridge  show  that 
what  appear  to  bo  nodes  between  the  ribs  in  certain  specimens  are  in 
the  unchanged  shell  really  holes  through  its  substance.     The  pieces 
referred  to  were  found  to  break  along  the  line  of  these  holes,  just  a«  post- 
age-stainps  separate  along  the  lines  of  holes  made  tor  that  purpose.    In 
other  examples  from  the  valley  of  the  Cache  ii  la  Poudre  I  found  the 
appearance  of  nodes  in  the  place  of  the  holes,  just  as  described  by  Mr. 
Meek;  but  careful  examination  showed  that  the  supposed  nodes  consist 
of  the  stony  filling  of  the  holes  in  the  test,  which,  being  harder,  had 
withstood  subsequent  weathering  better  than  the  test  itself.    It  is  pos- 
sible, however,  that  the  outer  end  of  these  holes  was  covered  with  a 
shelly  layer ;  but  it  must  have  been  only  a  film  at  most,  for  I  could  dis- 
cover nothing  of  the  kind  in  the  narrow  grooves  between  the  ribs  of  the 
specimens  referred  to,  which  seemed  to  be  perfectly  preserved. 

10.  Protocardia  suhquadrata  Evans  &  Shumard  sp. 

Dr.  Evans  first  discovered  this  species  in  the  Fox  Hills  Group  of  the 
Vpper  Missouri  River  region.  I  obtained  it  in  the  valley  of  the  Little 
Thompson;  and  I  have  also  recognized  it  in  some  collections  made  by 
Mr.  W.  II.  Holmes  at  the  mouth  of  the  Saint  Vrains.  It  seems  never 
to  have  been  discovered  in  the  Fort  Pierre  Group  of  the  Upper  Mis- 
souri. 

20.  Protocardia  vara  Evans  &  Shumard. 

Associated  with  the  foregoing  in  the  valley  of  the  Little  Thompson,  I 
found  some  small  shells  that  seem  to  belong  to  this  species,  but  their 
identification  was  not  quite  satisfactory. 

-1.  CallLsta  fleweyi  Meek  &  Hay  den. 

A  few  imperfect  examples,  found  both  at  Fossil  Ridge  and  in  the  val- 
ley of  Little  Thompson  Creek,  evidently  belong  to  the  jhmnojms  section 
of  this  genus.  They  are  too  imperfect  for  certain  specific  determination, 
but  the  character  of  the  internal  east  and  what  remains  of  the  shell  in- 
dicates ;i  proper  reference  to  C.  dciceyi. 

22.  TcUina  scitula  Meek  &  Hay  den. 

This  is  a  very  common  and  widely  distributed  Cretaceous  species,  being 
found  on  both  sides  of  the  Rocky  Mountains.  It  seems,  however,  to  be 
confined  everywhere  to  the  strata  of  the  Fox  Hills  Group.  In  this  dis- 
trict I  obtained  it  only  from  the  upper  strata  of  that  group,  and  only  at 
the  mouth  of  the  Saint  Vrains  and  in  the  valley  of  the  Cache  a  la  Pou- 
dre. 

23.  TelUna  equilateralis  Meek  &  Ilayden. 

A  single  valve  of  a  species,  apparently  the  T.  equilateralis  of  Meek  and 
Ilayden,  was  found  at  the  mouth  of  the  Saint  Vrains.    The  original  ex- 
amples were  found  in  the  uppermost  of  the  Fox  Hills  layers  at  the  mouth 
of  Judith  River  on  the  Upper  Missouri.    Meek  referred  the  species  to- 
TelUna  from  external  characters  only,  and  there  are  reasons  for  believ- 
ing that  it  does  not  properly  Jjelong  to  that  genus. 
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24.  Mactra  (Cymbophora)  warrenana  Meek  &  Hayden. 

This  species  was  found  in  the  upper  strata  of  the  Fox  Hills  Group,  both 
at  the  mouth  of  the  Saint  Vrains  and  near  Aaron  Eaton's  farm  in  the 
valley  of  the  Cache  &  la  Poudre ;  also,  at  Fossil  Ridge,  the  strata  of 
which  are  near  the  base  of  the  group.  The  examples  from  both  the  lat- 
ter and  the  first-named  localities  are  referred  to  this  species  without 
hesitation,  but  those  of  the  second-named  locality  appear  to  agree  more 
nearly  with  the  description  of  M.  (C.)formosa  Meek  &  Hayden.  How- 
ever, I  regard  the  difference  between  these  two  forms  as  varietal  only. 
The  range  of  the  species  is  through  the  whole  of  the  Fox  Hills  Group  as 
developed  in  Colorado  east  of  the  Rocky  Mountains,  but  it  seems  never 
to  have  been  found  in  the  Fort  Pierre  division  in  the  Upper  Missouri 
River  region. 

25.  Pholadomyaf 

A  single  fragment,  evidently  belonging  to  this  genus,  was  found,  at  the 
mouth  of  the  Saint  Vrains.  It  is  plainly  different  from  1\  mbventricoHa 
Meek  &  Hayden,  which  has  been  found  only  in  strata  holding  a  similar 
stratigraphical  position  at  the  mouth  of  Judith  River.  It  is  probably 
new,  but  the  specimen  is  too  imperfect  for  characterization. 

20.  Olycimeris  berthoudi  White. 

This  fine  species  has  been  found  only  at  Fossil  Ridge,  in  strata  near 
the  base  of  the  Fox  Hills  Group.  It  is  figured  and  described  in  another 
part  of  this  volume. 

27.  Pachymya?  herseyi  White. 

This  speciefc  is  figured  and  described  in  another  part  of  this  volume. 
It  was  found  by  myself  only  in  the  upper  part  of  the  Fox  Hills  Group  as 
developed  in  this  district,  and  only  at  the  mouth  of  the  Saint  Vrains 
and  in  the  valley  of  the  Cache  t\  la  Poudre;  but  Mr.  A.  Lakes  has 
obtained  it  from  a  similarly  high  horizon  in  the  valley  of  Bear  Creek, 
near  Morrison,  Colo.  It  is  figured  and  described  in  another  part  of  this 
volume. 

28.  Teredo? 

In  a  fragment  of  fossil  wood  obtained  among  the  other  fossils  at  Little 
Thompson  Creek  I  detected  borings,  evidently  of  Teredo,  or  an  allied 
form,  but  they  were  too  imperfect  for  specific  determination. 

29.  Dentalium  gracile  Hall  &  Meek. 

Our  examples  were  found  in  considerable  numbers  in  the  uppermost 
strata  of  the  Fox  Hills  Group  at  the  mouth  of  the  Saint  Vrains  and  in 
the  valley  of  the  Cache  t\  la  Poudre.  They  were  found  only  in  the  form 
of  casts,  which,  not  showing  the  surface  characters  very  clearly,  leave  a 
little  doubt  whether  they  may  not  really  belong  to  another  species,  but 
they  seem  to  bo  identical  with  1).  graeilc.    The  type  sjiecimens  were 

•  obtained  from  the  upper  beds  of  the  Fort  Pierre  Group  in  the  Upper 
Missouri  River  region. 

.  30.  Cylkhna  scitula  Meek  &  Hayden. 

The  type-specimens  of  this  species  were  obtained  from  the  Fox  Hills 

■  Group  on  the  Moreau  River,  a  tributary  of  the  Upper  Missouri.    It 

seems  not  to  be  a  common  species,  as  it  has  not  been  reported  from  any 

•  other  locality  until  it  was  found  in  the  district  here  discussed.    I  found 
it  only  in  the  uppermost  strata  of  the  Fox  Hills  Group,  and  only  at  the 

:  mouth  of  the  Saint  Vrains  and  in  the  valley  of  the  Cache  i\  la  Poudre, 
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31.  AcUton  woosteti  White. 

In  the  district  here  discussed  this  species  was  found  only  at  the  mouth 
of  the  Saint  Vrains.  A  couple  of  examples  found  by  Mr.  W.  H.  Holmes 
on  the  Bio  San  Juan,  in  Southern  Colorado,  seem  to  be  specifically  iden- 
tical with  the  Saint  Vrains  specimens.  It  is  figured  and  described  in 
another  part  of  this  volume. 

32.  Actaonina  prosocheila  White. 

This  species  has  been  recognized  nowhere  except  at  the  mouth  of  the 
Saint  Vrains,  where  the  type  specimens  were  discovered.  It  is  figured 
and  described  in  another  part  of  this  volume. 

33.  Lunatia  snberassa  Meek  &  Ilayden. 

In  the  uppermost  strata  of  the  Fox  Ilills  Group,  on  the  Cache  &  la 
Poudre,  I  found  a  number  of  specimens  which  evidently  belonged  to  this 
species,  the  type  specimens  of  which  were  obtained  by  Dr.  Hayden  froin 
a  similarly  high  position  in  the  upper  Fox  Ilills  strata  at  the  mouth  of 
Judith  River.  Imperfect  examples  of  a  species  of  Lunatia  were  also 
found  at  the  Little  Thompson  Creek  and  Saint  Vrains  localities,  but  they 
appear  to  belong  to  L.  concinna  Hall  &  Meek. 

U.  Anchura  haydeni  White. 

This  remarkably  large  and  fine  species  has  been  found  only  at  Fossil 
Ridge,  and  in  strata  that  belong  near  the  base  of  the  Fox  Hills  Group,  as 
it  is  developed  and  recognized  east  of  the  Rocky  Mountains  in  Colorado. 
It  is  figured  and  described  in  another  part  of  this  volume.  A  calcareous 
substance  was  found  almost  entirely  encrusting  the  spire  of  the  typical 
example,  which  is  apparently  that  of  a  Nullipora.  At  first  I  supposed 
it  to  be  an  encrusting  callus  formed  by  the  mollusk  itself,  such  as  that 
of  Valyptraphorus  Conrad  and  Littpodeathes  White;  but  careful  examina- 
tion shows  it  to  be  parasitic,  or  at  least  not  connected  with  the  shell. 

33.  Anchura  americana  Evans  &  Shumard. 

The  tyi>es  of  this  species  were  obtained  from  beds  in  the  Upper  Mis- 
souri River  region,  in  which  were  found  a  mixture  of  the  characteristic 
fossils  of  the  Fox  Ilills  and  Fort  Pierre  Groups  respectively.  In  the 
ivgion  here  discussed  I  found  the  species  only  at  the  Little  Thompson 
(.'reek  locality.  Some  fragments,  apparently  belonging  to  this  species, 
were  found  in  the  valley  of  the  Cache  a.  la  Poudre,  but  they  were  too 
imperfect  for  satisfactory  determination. 

3*5.  Pseudobuccinum  nebrascense  Meek  &  Hayden. 

This  8]>ecies,  originally  discovered  in  the  strata  of  the  Fox  Hills  Group 
of  the  Upper  Missouri  River  region,  was  found  holding  a  similar  position 
in  the  valley  of  Little  Thompson  Creek.    It  seems  to  be  a  rare  species. 

37.  Tasciolaria  (Piestocheilus)  eidberteoni  Meek  &  Hayden. 

Imperfect  specimens  of  a  species  of  this  genus  were  found  at  the  mouth 
of  the  Saint  Vrains,  and  also  in  the  valley  of  the  Cache  a  la  Poudre.  I 
have  referred  them  to  F.  (P.)  culberteoni,  but  their  specific  identification 
is  not  quite  satisfactory,  partly  inconsequence  of  the  imperfection  of  the 
upecimens  ami  partly  owing  to  the  difficulty  I  have  encountered  in  recog- 
nizing, in  the  specimens  I  have  examined,  the  specific  differences  relied 
upon  by  the  authors  quoted  in  separating  their  published  species. 

38.  Baeulites  ovatus  Say. 

This  widely  distributed  species  was  found  at  Fossil  Ridge,  but  it  has 
not  been  discovered  in  the  upper  strata  of  the  Fox  Hills  Group  in  the 
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existing  upon  the  east  valley  side  of  Crow  Creek,  four  or  five  miles  abovft 
its  mouth.  I  discovered  similar  dunes  only  in  the  neighborhood  of  South 
Platte  River. 

The  valley  of  Bijou  Creek  is  merely  a  broad,  shallow  depression  in 
the  surface  of  the  plains,  bordered  by  ill-defined  valley  sides  from  two  t6 
five  miles  apart^the  elevation  of  which  is,  perhaps.  50  feet  above  the  level 
of  the  creek.  The  lower  ten  or  twelve  inilefc  of  trie  valley  is  apparently 
without  any  exposures  of  strata,  but  the  district  which  it  traverses  is, 
doubtless,  underlaid  by  a  greater  or  less  thickness  of  the  Laramie  Group, 
beneath  the  abundant  Mbris  of  the  plains.  This  opinion  is  based  upon 
the  known  easterly  general  dip  of  all  the  strata  of  the  region,  the  known 
existence  of  the  uppermost  layers  of  the  Fox  Hills  Group  in  the  valley 
of  the  South  Platte,  ten  or  twelve  miles  west  of  the  mouth  of  the  creek, 
and  the  existence  of  Laramie  strata,  presently  to  be  described,  in  the 
west  valley-side  of  the  creek.  These  exposures  of  Laramie  strata  first 
appear  opposite,  and  about  four  miles  west  of,  the  junction  of  Muddy 
Creek  with  the  Bijou,  and  continue  southward,  at  intervals,  some  three 
or  four  miles  up  the  creek.  The  exposures  are  small  and  inconspicuous, 
but  1  made  out  satisfactorily  the  following  section  in  the  slope  of  the  low 
hill  or  valley-side : 

Bijou  Creek  section. 

3taL 

1.  Sandy  soil  and  dlftrt*  of  the  plains • 20 

1  Ordinary  light-brown  sandstone . ...., 6 

3.  Sandy  shales S 


4.  Shale,  sandy  and  argillaceous,  containing  Corbicula,  &c 4 

to  No.  4,  containing  Ot             - 
6.  Unexposed  to  the  general  low  surface  of  the  valley,  about.... 1  15 


5.  Similar  to  No.  4,  containing  Oatrea  and  Anomia 3 


Although  in  full  detail  the  recognized  members  of  this  section  differ; 
as  we  should  expect  them  to  do,  from  those  of  the  Crow  Creek  section, 
some  35  miles  distant,  yet  no  hesitation  is  felt  in  recognizing  the  precise 
general  equivalency  of  the  two  sections.  .  This  recognition  is  all  the  more 
satisfactory  because  two  or  tliree  of  the  members  of  each  section,  respect- 
ively, are  unmistakably  identical,  as  will  be  seen  from  the  iollowing 
comparison : 

No.  1  of  the  Bijou  Creek  section  doubtless  corresponds  with  Nos.  1  and 
2  of  the  Crow  Creek  section  j  No.  4  of  the  former  with  No.  3  of  the  latter  5 
and  No.  5  of  the  former  with  No.  4  of  the  latter.  Nos.  2  and  3  of  the 
Bijou  Creek  section  are  not  definitely  recognized  in  that  of  Crow  Creek, 
but  this  is  of  no  consequence  in  view  of  the  precise  agreement  of  the 
fbssiliferous  members  of  the  section,  which  are  of  far  more  importance 
than  the  others.  The  material  composing  No.  1  of  the  Bijou  Creek  sec- 
tion is  too  uniform  in  all  this  region  to  need  comparison  or  special 
description-  The  sandstone  of  No.  2  differs  in  no  respect  from  the  ordi- 
nary sandstones  of  the  Laramie  Group  that  are  found  elsewhere.  No 
fossils  were  found  in  it.  No.  3  is  not  separable  lithologically  from  No.  4, 
beneath  ik  and  they  are  treated  as  separate  members  only  because  I 
found  no  fossils  in  No.  3,  while  No.  4  is  quite  fossiliferous,  containing  at 
least  six  species  that  are  identical  with  those  of  No.  3  of  the  Crow  Creek 
section.  No.  5  contains  Ostrea  glabra  Meek  &  Hayden  and  Anomia 
mkronema  Meek  in  abundance,  and  in  all  respects  like  those  of  the  Crow 
Creek  section:  and,  so  far  as  I  could  discover,  no  other  species  were 
associated  with  them.  No  trace  of  an  equivalent  of  No.  5  of  the  Crow 
Creek  section,  was  found  at  the  Bijou  Creek  locality.  It  is  a  frftah-water 
deposit,  and  its  local  character  in  the  valley  of  Crow  Creek  has  already 
been  remarked  upon. 

No  strata  were  seen  in  situ  in  No.  6  of  the  Bijou  Creek  section,  but  a* 
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Fox  Hills  and  Fort  Pierre  Groups  in  the  Upper  Missouri  Eiver  region. 
Four  species  are  new  and  therefore  irrelevant ;  five  are  cbmmon  to  both 
the  Fort  Pierre  and  Fox  Hills  Groups ;  one  (Cardium  speciosum)  is  known 
only  in  the  uppermost  strata  of  the  Fox  Hills  Group  in  that  region,  and, 
so  far  as  known,  only  three  are  there  confined  to  the  Fort  Pierre  Group 
alone. 

Of  those  thirteen  species  found  at  Fossil  Ridge,  only  four  were  dis- 
covered by  myself  in  any.  of  the  higher  Fox  Hills  strata  of  that  district. 
This  fact  shows  a  very  considerable  difference  between  the  fauna  of  the 
lower  and  that  of  the  upper  portions  of  the  Fox  Hills  Group  as  it  is  de- 
veloped in  Eastern  Colorado ;  but  the  other  tacts  cited  show  that  the  differ- 
ence is  not  sufficient  to  warrant  its  separation  into  two  distinct  groups, 
as  has  been  done  in  the  Upper  Missouri  River  region.  Furthermore, 
wliile  certain  species  seem  to  l>e  confined  to  the  uppermost  strata,  both 
in  Colorado  and  the  Upper  Missouri  River  region,  these  strata  are  so 
intimately  connected  with  those  beneath  them,  by  other  fossils,  that 
range  from  one  to  the  other,  as  to  make  any  proper  separation  of  them 
from  the  Fox  Hills  Group  proper  impracticable.  In  short  while  the  lim- 
itation of  the  vertical  range  of  certain  s]>ecies  serves  as  an  approximate 
indication  of  recognizable  horizons  within  the  vertical  limits  of  the  Fox 
Hills  Group  as  developed  in  Eastern  Colorado,  the  range  of  other  species 
is  such  as  to  connect  the  whole  together  into  one  natural  group  only. 

Leaving  the  district  between  the  South  Platte  and  the  base  of  the 
Rocky  Moun tarns,  which  I  found  occupied  by  the  strata  of  the  Fox  Hills 
Group.  I  crossed  that  river  at  Evans  and  passed  down  the  south  side  of 
its  valley  to  the  mouth  of  Bijou  Creek,  one  of  its  tributaries  from  the 
southward.  At  a  point  about  eighteen  miles  east  of  Greeley  I  found  the 
uppermost  strata  of  the  Fox  Hills  Group  in  the  south  valley  side  of  South 
Platte  River,  and  from  that  point  to  about  six  miles  farther  eastward  I 
continued  to  see  small  exposures  of  the  same,  most  of  wliich  were  ob- 
scure. I  however  recognized  about  20  feet  in  thickness  of  strata,  and 
the  fossils,  which  were  few  and  imi>erfect,  were  quite  sufficient  to  indi- 
cate an  exact  equivalency  of  the  strata  containing'  them  with  those  of 
the  upper  part  of  the  section  at  the  mouth  of  the  Saint  Vrains.  Besides 
these  few  characteristic  invertebrate  fossils,  I  also  found  fragments  of  the 
fucoid  HaUjmcnites  major  in  one  of  the  upi>er  layers.  The  known  general 
dip  of  the  strata  of  all  that  region  makes  it  practically  certain  that  the 
Cretaceous  strata  pass  beneath  the  level  of  the  streams  along  a  northward 
and  southward  line,  which  may  be  drawn  a  couple  of  miles  west  of  Gree- 
ley;  that  they  receive  a  greater  or  less  thickness  of  Laramie  strata  upon 
them  beneath  the  debris  of  the  plains.  Then  a  gentle  rise  brings  them 
up  again  to  view  in  the  valley  of  South  Platte  'River,  from  eighteen  to 
twenty-five  miles  east  of  Greeley,  as  already  mentioned.  They  seem  then 
to  pass  again  by  a  gentle  easterly  dip  beneath  the  surface  of  the  river, 
but  I  did  not  trace  them  farther,  as  my  journey  led  up  the  valley  of 
Bijou  Creek.  It  is  probable,  however,  that  the  exposures  of  these  up]>er- 
most  of  the  Fox  Hills  strata  continue  at  the  surface  farther  down  the 
South  Platte,  in  its  immediate  valley.  Between  Greeley  and  the  i>oint 
where  these  Cretaceous  strata  are  exposed,  the  space  is  no  doubt  occu- 
pied by  at  least  a  small  portion  of  the  strata  of  the  Laramie  Group, 
which  are  covered  with  the  debris  of  the  plains,  but  I  found  no  exposures 
of  Laramie  strata  until  I  reached  the  valley  of  Byou  Creek,  about  twelve 
miles  above  its  mouth.  In  the  higher  portions  of  the  valley  side  of  South 
Platte  River,  where  I  hoped  in  passing  to  have  discovered  exposures  of 
Laramie  strata,  I  found  many  sand  dimes  or  accumulations  of  apparently 
wind-drifted  sand,  such  as  those  that  have  been  already  mentioned  as 
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existing  upon  the  east  valley  side  of  Crow  Creek,  four  or  five  miles  above 
its  mouth.  I  discovered  similar  dunes  only  in  the  neighborhood  of  South 
Platte  Kiver. 

The  valley  of  Bijou  Creek  is  merely  a  broad,  shallow  depression  in 

the  surface  of  the  plains,  bordered  by  ill-defined  valley  sides  from  two  to 

five  miles  apart,  the  elevation  of  which  is,  perhaps,  50  feet  above  the  level 

of  the  creek.    The  lower  ten  or  twelve  miles  of  the  valley  is  apparently 

without  any  exposures  of  strata,  but  the  district  which  it  traverses  is, 

doubtless,  underlaid  by  a  greater  or  less  thickness  of  the  Laramie  Group, 

beneath  the  abundant  debris  of  the  plains.    This  opinion  is  based  upon 

the  known  easterly  general  dip  of  all  the  strata  of  the  region,  the  known 

existence  of  the  uppermost  layers  of  the  Fox  Hills  Group  in  the  valley 

of  the  South  Platte,  ten  or  twelve  miles  west  of  the  mouth  of  the  creek, 

and  the  existence  of  Laramie  strata,  presently  to  be  described,  in  the 

west  valley-side  of  the  creek.    These  exposures  of  Laramie  strata  first 

appear  op])osite,  and  about  four  miles  west  of,  the  junction  of  Muddy 

Creek  with  the  Bijou,  and  continue  southward,  at  intervals,  some  three 

or  four  miles  up  the  creek.    The  exposures  are  small  and  inconspicuous, 

but  1  made  out  satisfactorily  the  following  section  in  the  slope  of  the  low 

bill  or  valley-side : 

Bijou  Creek  section. 

Toet 

1.  Sandy  soil  and  debris  of  the  plains 20 

1  Ordinary  light-brown  sandstone 6 

3.  Sandy  shales 5 

4.  .Shale,  sandy  and  argillaceous,  containing  Corbicula,  &c 4 

5.  Similar  to  No.  4,  containing  Ostrea  and  Anomia 3 

6.  Unexposed  to  the  general  low  surface  of  the  vaUey,  about 15 

Although  in  full  detail  the  recognized  members  of  this  section  differ, 
as  we  should  expect  them  to  do,  from  those  of  the  Crow  Creek  section, 
some  35  miles  distant,  yet  no  hesitation  is  felt  in  recognizing  the  precise 
general  equivalency  of  the  two  sections.  This  recognition  is  all  the  more 
satisfactory  because  two  or  tliree  of  the  members  of  each  section,  respect- 
ively, are  unmistakably  identical,  as  will  be  seen  from  the  following 
comparison : 

No.  1  of  the  Bijou  Creek  section  doubtless  corresponds  with  Eos.  1  and 
2  of  the  Crow  Creek  section ;  No.  4  of  the  former  with  No.  3  of  the  latter; 
and  No.  5  of  the  former  with  No.  4  of  the  latter.    Nos.  2  and  3  of  the 
Bijou  Creek  section  are  not  definitely  recognized  in  that  of  Crow  Creek, 
but  this  is  of  no  consequence  in  view  of  the  precise  agreement  of  the 
fossiliferous  members  of  the  section,  which  are  of  far  more  importance 
than  the  others.    The  material  composing  No.  1  of  the  Bijou  Creek  sec- 
tion is  too  uniform  in  all  this  region  to  need  comparison  or  special 
description.    The  sandstone  of  No.  2  differs  in  no  respect  from  the  ordi- 
nary sandstones  of  the  Laramie  Group  that  are  found  elsewhere.    No 
fossils  were  found  in  it.    No.  3  is  not  separable  lithologically  from  No.  4, 
beneath  it?  and  they  are  treated  as  separate  members  only  because  I 
found  no  iossils  in  No.  3,  while  No.  4  is  quite  fossiliferous,  containing  at 
least  six  species  that  are  identical  with  those  of  No.  3  of  tlie  Crow  Creek 
section.     No.  5  contains  Ostrea  glabra  Meek  &  Hayden  and  Anomia 
micronema  Meek  in  abundance,  and  in  all  respects  like  those  of  the  Crow 
Creek  section :  and,  so  far  as  I  could  discover,  no  other  species  were 
associated  with  them.    No  trace  of  an  equivalent  of  No.  5  of  the  Crow 
Creek  section,  was  found  at  the  Bijou  Creek  locality.    It  is  a  fresh-water 
deposit,  and  its  local  character  in  the  valley  of  Crow  Creek  has  already 
been  remarked  upon. 
No  strata  were  seen  in  situ  in  No.  6  of  the  Bijou  Creek  section,  but  at 
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numerous  points  on  the  slope  of  the  valley-side,  and  not  more  than  four 
or  live  feet  beneath  the  base  of  No.  5,  the  prairie  dogs  had,  in  their  bur- 
rowing brought  to  the  surface  fragments  of  coal  and  carbonaceous  shale. 
This  indicates  the  existence  of  a  bed  of  coal  there,  which,  if  identical 
with  that  of  the  Crow  Creek  locality,  implies  an  absence  in  the  valley 
of  Rjoa  Creek  of  an  equivalent  of  a  considerable  part  of  the  Crow  Creek 
section  beneath  its  No.  5.  But  it  is  more  probable  that  the  coal  of  Bijou 
Creek  is  a  local  development  of  another  bed,  which  is  not  represented 
in  Crow  Creek  Valley  where  the  section  was  measured,  and  also  that 
the  upper  and  more  fossiliferous  part  only  of  the  Crow  Creek  section  is 
represented  in  that  of  Bijou  Creek. 

LIST  OF  FOSSILS  FEOM  THE  VALLEY  OF  BUOU  CEEEK,  COLOEADO. 

1.  Amvmia  nicronema  Meek. 

~  thtrra  glabra  Meek  &  Hayden. 

3*  t\>rbk*la  obesa  White. 

4»  Corbicula  (Leptesthes)  subeUiptica  Meek  &  Hayden. 

iK  CorfaVfffa  (Leptesihes)  macropistha  White. 

Ok  Vvrbieula  (Leptestlies)  planumbona  Meek. 

T»  torbuhi  tubtrigonalis  Meek  &  Hay  den. 

&  J/t'/uiiia  uyomingensis  Meek. 

SOTES    OS    THE    T^n?ATimR    FOSSILS   COLLECTED  IN   THE  VALLEY   OF 

BIJOU  CREEK,   COLOEADO. 

All  the  species  of  this  list  were  also  found  in  Crow  Creek  Valley,  and 
they  are  sei*arately  discussed  in  notes  on  the  fossils  of  that  locality,  on 
iwveditij;  images.  *  Therefore  the  notes  on  this  list  of  fossils  will  be  very 
brief*  ami  the  reader  is  referred  to  the  notes  on  the  same  species  of  the 
Ctow  Civek  list. 

The  examples  of  Anomia  micronema  and  Ostrea  glabra  were  found 
quit*  abuiulautly  at  the  Bijou  Creek  locality,  but  only  in  bed  No.  5 ;  and 
ik*  other  species  were  found  immediately  associated  with  them.  Tliis 
association  of  the  two  species  and  exclusion  of  others,  in  a  single  stratum, 
has  trtso  been  recognized  at  other  localities  east  of  the  mountains. 

The  four  species  of  Corbicula  named  in  the  list  were  found  associated 
iu  VhhI  N  o.  4  of  the  Bijou  Creek  section  and  in  none  of  the  others.  Frag- 
moots  of  Corbula  »ubtrigonalis  and  Melania  wyomingemis  were  also  fouud 
*<t3*oeutUHl  with  them,  and  all  six  of  these  species  were  found  similarly 
tte*«*oc\ated  iu  bed  No.  3  of  the  Crow  Creek  section.  The  condition  of  the 
t\v>^iW  at  the  two  localities  respectively  is  practically  the  same,  but  I 
%*Vv*orved  that  the  beaks  and  umbonal  portions  of  some  of  the  specimens  of 
*  \%rtfcjcMfit  obtm  were  eroded,  having  apparently  been  done  during  the 
l\1fc>  of  the  mollusk,  as  the  material  of  the  imbedding  matrix  filled  the 
%>x\xW  cavities.  This  condition  was  observed  in  the  case  of  no  other 
3Sfc^%«eies*  uor  was  it  observed  upon  the  same  species  at  the  Crow  Creek 
V\^\Uit\\  the  only  other  place  at  which  the  species  is  known  to  occur. 

Ttbe  whole  valley  of  Bijou  Creek,  from  its  mouth  to  the  crossing  of 

*fc*  Kansas  Initio  Bailroad,  was  searched  for  other  exposures,  but  no 

xvihers  weiv  discovered  except  a  few  at  and  in  the  neighborhood  of  B\jou 

^l*t**i»  where  that  railroad  crosses  the  creek.    These  consisted  of  soft 

^*W£ht««s  sandstone  with  bluish  and  variegated  shaly  and  clayey 

3tta*tttUU£  layers.    They  appear  to  belong  in  the  series  just  above  the 

^*vt*ta  ftirther  down  the  creek  that  has  already  been  recorded,  or  they 

***  perhaps  in  part  identical  with  No.  2  of  that  section. 
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'From  the  valley  of  By  on  Greek  my  investigation  led  me  southwest- 
ward  to  Cherry  Greek  Plateau,  during  which  I  passed  over  the  higher 
strata  of  the  Laramie  Group,  wnich  come  in  the  series  between  those  that 
I  found  exposed  near  Byou  Station  and  the  sandstones  of  the  Monu- 
ment Creek  Group,  that  constitute  the  plateau.  I  found  no  fossils  of 
any  kind  in  these  higher  Laramie  strata  except  silicified  wood,  which  in 
some  places  was  quite  plentiful  It  is  possible  that  certain  layers  in  this 
portion  of  the  Laramie  Group  contain  invertebrate  fossils,  but  the  whole 
series  in  this  region  above  the  horizon  of  the  fossiliferous  layers  of  the 
Crow  Creek  and  Bijou  Creek  sections  is  apparently  destitute  of  inver- 
tebrate remains. 

The  whole  thickness  of  Laramie  strata  which  I  thus  passed  over,  from 
the  uppermost  layers  of  the  Fox  Hills  Group  in  the  valley  of  South 
Platte  River  to  the  base  of  the  Monument  Creek  Group  on  Cherry  Creek 
Plateau,  is  estimated  at  about  1,800  feet.  So  far  as  I  could  discover, 
only  about  the  lower  200  or  250  feet  of  this  series  is  known  to  contain 
invertebrate  fossils ;  and  the  lower  700  or  800  feet  appears  also  to  con- 
tain all  the  coal  of  the  Laramie  Group  in  this  region. 

Exhibiting  to  some  ranchmen  whom  I  met  in  the  valley  of  B\jou  Creek 
the  fossils  I  had  collected  there,  they  informed  me  that  they  had  found 
similar  ones  some  twenty-five  or  thirty  miles  directly  to  the  eastward ; 
and,  as  already  stated,  Melania  icyomingensis  is  similarly  reported  to  occur 
on  Horse  Tail  Creek,  upon  the  south  side  of  the  South  Platte,  and  about 
seventy-five  miles  eastward  from  Greeley.  These  reports  are  not  offered 
as  conclusive  evidence  of  the  existence  of  Laramie  strata  at  those  two 
localities,  but  taken  in  connection  with  other  known  facts,  we  are  at  least 
warranted  in  accepting  them  as  provisional  evidence.  The  other  facts 
referred  to  are  the  known  easterly  dip  of  all  the  strata  near  the  mount- 
ains and  their  almost  level  extension  out  upon  the  plains ;  and  the  known 
presence  of  characteristic  Laramie  strata  on  the  line  of  the  Kansas  Pa- 
cific Railroad,  two  hundred  miles  east  of  Denver,  as  already  recorded  on 
previous  pages.  In  short  there  seems  to  be  no  reason  to  doubt  that  im- 
mediately beneath  the  debris  of  the  plains,  the  strata  of  the  Laramie 
Group  occupy,  besides  other  considerable  areas  to  the  northward  and 
southward,  the  whole  broad  space  between  the  South  Platte  and  Arkan- 
sas Rivers  (except  narrow  spaces  immediately  adjacent  to  the  two  rivers 
respectively,  where  the  strata  of  the  Fox  Hills  Group  appear  to  come 
up  to  the  surface),  extending  eastward  from  the  base  of  the  Rocky  Moun- 
tains quite  within  the  limits  of  Western  Kansas. 

Sedimentation  seems  where  I  crossed  the  place  of  division  to  have 
been  continued  without  interruption  from  the  Laramie  Group,  which  is 
mainly  a  brackish- water?  but  in  part  a  fresh- water  deposit,  to  the  Mon- 
ument Creek  Group,  which  is  probably  a  purely  fresh- water  deposit,  al- 
though no  invertebrate  fossils  have  been  found  in  it.  This  last-named 
deposit  is  probably  equivalent  with  the  White  River  Tertiary,  a  forma- 
tion that  has  already  been  mentioned  as  occupying  a  large  area  of  the 
plains  north  of  the  South  Platte,  but  from  my  present  limited  personal 
knowledge  I  regard  it  as  possibly  equivalent  with  either  the  Wasatch, 
Green  River,  or  Bridger  Group,  which  have  their  full  development  west 
of  the  mountains.  It  is  possible  that  the  upper  800  feet  of  what  I  have 
referred  to  the  Laramie  Group  ought  also  to  be  included  with  the  Monu- 
ment Creek  sandstones,  but  as  I  discovered  no  plane  of  demarkation 
between  the  groups  where  I  examined  them  I  prefer  to  leave  it  with  the 
Laramie  Group. 

Following  these  statements  it  is  proper  that  I  should  make  some 
reference  to  the  reported  discovery  of  marine  Tertiary  fossils  by  Pro- 
fessor Powell  in  the  valley  of  Bijou  Creek,  as  reported  upon  by  myself  in 
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his  Report  on  the  Geology  of  the  Uinta  Mountains,  and  also  noticed  in 
the  American  Journal  of  Science,  vol.  xi,  3d  series,  p.  161. 

The  Bijou  Greek  locality,  the  strata  and  fossils  of  which  have  been  de- 
scribed on  previous  pages,  is  the  same  one  at  which  the  marine  fossils  just 
referred  to  were  reported  to  have  been  obtained  by  Professor  Powell,  and 
1  visited  it  with  specific  information  furnished  by  him.*  That  collection  of 
Professor  Powell's  was  composed  entirely  of  marine  species,  among  which 
was  a  coral,  and  they  were  referred  by  me  to  the  age  of  the  Eocene  Tertiary 
strata  at  Vicksburg.  Miss.  The  fossils  which  I  found  at  the  Bijou  Creek 
locality  were  not  only  all  of  different  specie*,  but  they  were  all  of  either 
brackish-  or  fresh- water  origin,  and  identical  with  species  especially  char- 
acteristic of  the  Laramie  Group.  The  serial  continuity  of  the  strata 
seems  so  perfect,  from  the  uppermost  strata  of  the  Fox  Hills  Group  as 
seen  in  the  valley  of  the  South  Platte  and  its  branches,  to  those  of  the 
Monument  Creek  Group  upon  Cherry  Creek  Plateau,  that  it  is  in  the 
highest  degree  improbable  that  a  marine  deposit  could  have  been  made 
in  this  region  between  the  close  of  the  Fox  Hills  epoch  and  the  begin- 
ning or  even  the  close  of  the  Monument  Creek  epoch.  If  such  a  deposit 
were  made  there  at  the  close  of  the  latter  epoch  we  ought  to  find  it,  if 
found  at  all,  resting  on  the  uppermost  strata  of  the  last-named  epoch, 
but  none  has  been  reported  to  exist  there.  If  made  at  the  beginning  of 
the  Monument  Creek  epoch  the  conformity  of  its  strata  upon  those  of  the 
Laramie  Group  coidd  not  be  either  real  or  apparent  as  it  is  now.  From  the 
explanation  that  has  already  been  given  of  the  character  and  condition 
of  the  strata  between  the  South  Platte  and  Arkansas  Rivers  it  is  evident 
that  if  a  marine  deposit  later  than  the  Cretaceous  really  exists  there  it 
must  rest  unconformably  upon  the  eroded  surface  of  Laramie  strata. 
The  great  erosion  that  has  left  the  strata  of  that  region  in  their  present 
condition  took  place  after  the  close  of  the  Monument  Creek  epoch,  and 
that  would  bring  the  date  of  such  an  assumed  marine  deposit  later  than 
that  which  is  indicated  by  the  character  of  the  fossils  of  Professor  Pow- 
ell's collection.  From  these  facts  and  considerations  I  am  forced  to  the 
conclusion  that  the  marine  Tertiary  fossils  referred  to  were  collected  in 
some  more  eastern  region  and  that  they  were  inadvertently  substituted 
in  the  collections  furnished  me  by  Professor  Powell  for  investigation 
for  fossils  that  he  did  collect  in  the  valley  of  Bijou  Creek. 

Scarcely  any  subject  connected  with  the  geological  history  of  North 
America  could  be  of  more  absorbing  interest  than  that  of  the  exact 
chronological  relation  of  the  marine  Tertiary  deposits  of  the  sea-border 
regions  with  the  fresh-  and  brackish-water  deposits  of  the  western  inte- 
rior of  the  continent.  It  is  to  be  hoped  that  this  subject  may  yet  receive 
elucidation  from  discoveries  similar  to  that  which  was  supposed  to  have 
been  made  in  the  valley  of  Byou  Creek ;  but  it  now  seems  evident  that 
we  need  not  look  for  them  east  of  the  Rocky  Mountains  in  any  district 
west  of  Western  Kansas.  This  subject  is  further  referred  to  in  discus- 
sions upon  later  pages  of  this  report. 

From  the  Cherry  Creek  Plateau  I  went  to  the  neighborhood  of  Golden 
City  by  way  of  Denver  without  adding  any  material  geological  or  pale- 
ontologies! facts  to  those  already  recorded.  In  my  investigation  of  this 
district  I  was  accompanied  by  Mr.  Arthur  Lakes,  of  Golden  City,  and 
our  first  examinations  were  made  at  the  village  of  Morrison,  seven  miles 
to  the  south  of  Golden.    The  strata  here  are  exposed  on  a  grand  scale, 
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both  in  the  form  of  the  hogbacks  that  skirt  the  base  of  the  Rocky  Mount- 
ains and  form  its  foot-hills,  and  as  natural  sections  in  the  valley  sides  of 
Bear  Creek  which  cuts  transversely  through  them  on  its  way  from  the 
mountains  to  the  plains.  These  rocks  are  very  clearly  illustrated  in  a 
section  facing  page  32  of  Dr.  llayden's  Annual  Report  for  1874. 

At  the  time  of  my  visit,  Mr.  Lakes  and  Professor  Mudge  were  en- 
gaged in  exhuming  some  enormous  Dinosaurian  remains  from  the  west- 
ern or  escarpment  face  of  the  principal  hogback,  a  couple  of  miles  north 
of  Morrison.    These  strata  form  the  member  of  the  section  referred  to, 
which  is  there  designated  as  "  variegated  shales,"  and  which  immedi- 
ately underlies  the  layers  of  massive  sandstone  that  form  the  crest  of 
the  principal  hogback.     These  sandstone  layers  are  referred  without 
hesitation  to  the  Dakota  Group  or  Cretaceous  No.  1,  in  which  reference 
all  other  geologists  who  have  mentioned  them  are  understood  to  agree. 
Upon  the  discovery  of  the  Dinosaurian  remains  above  referred  to, 
Professor  Marsh  referred  the  strata  containing  them  to  the  age  of  the 
We«*lden  of  Europe  ;•  but  in  the  final  publication  of  his  address  before 
the  Am.  Asso.  Adv.  Sci.  for  1877?  he  referred  them  to  the  Jurassic.    In 
bis  later  conclusion  I  am  much  inclined  to  agree,  not  that  invertebrate 
paleontology  furnishes  any  direct  evidence,  but  because  of  the  evidence 
that  exists  of  unbroken  continuity  of  deposition  from  those  strata  that 
are  regarded  as  certainly  of  Jurassic  age  with  those  containing  the  Dino- 
saurian remains,  called  "  Atlantosaurian  beds,"  by  Professor  Marsh.t 

Only  a  few  fossils  were  collected  in  this  vicinity  at  the  time  of  my 
visit;  but  Mr.  Lakes  subsequently  sent  to  the  office  of  the  Survey  a  box 
of  fossils  which  he  collected  here,  containing  many  species,  a  list  of  which 
w  jnven  in  an  appendix  to  this  report,  and  they  are  also  included  in  a  list 
of  tbe  fossils  of  this  district,  presently  to  be  given,  together  with  notes 
tilMHi  them. 

The  fossils  of  this  locality  were  collected  mostly  from  the  strata  of  the 
Fox  Hills  Group;  but  three  species,  namely,  Inoceramus  dcformis,  I. 
prnhlematfcm,  and  Ostrea  congesta,  are  from  those  of  the  Colorado  Group. 
These  three  species  were  in  fact  found  in  some  layers  of  limestone  or  cal- 
careous rock  at  the  upper  part  of  the  Colorado  Group,  which  no  doubt  in 
part  represent  the  Niobrara  division  of  the  Cretaceous  section  of  the 
Lpper  Missouri  River  region. 

Search  for  fossils  was  prosecuted  in  the  strata  of  the  Table  Mountains 
of  this  district,  which  are  mainly  composed  of  strata  of  the  Laramie 
Group,  and  are  capi>ed  by  a  trap  outflow.    In  this  search  I  was  not  suc- 
cessful, although  the  strata  are  no  doubt  equivalent  with  those  that 
were  found  so  fossiliferous  in  the  valleys  of  Crow  and  Bijou  Creeks. 
Continuing  my  examination  of  the  Cretaceous  strata  northward,  I  visited 
-tin*  valley  of  Ralston  $  Creek,  about  four  miles  northward  from  Golden 
City.     At  a  locality  in  the  valley  of  this  creek,  near  the  foot-hills  and 
about  four  miles  northward  from  Golden  City,  a  shaft  was  sunk  several 
years  ago  in  a  search  for  coal.    A  bed  of  lignite  was  found  there  which, 
although  not  proving  profitable  for  working,  is  reported  to  possess  about 

•  See  Introduction  and  Succession  of  Vertebrate  Life  in  America,  page  17  ;  advance 
copy  of  Professor  Marsh's  Address  before  Am.  Assoc.  Adv.  Sci.  1877. 

t  far.  Haydeu  referred  the  exact  equivalent  of  these  beds  on  the  Saint  Vrains  and 
Bij£  Thompson  Creeks  to  the  Jurassic  in  his  annual  report  for  1873.  (See  sections 
facing  page  20  of  this  report.) 

{ There  seems  to  Imj  some  confusion  as  to  the  name  of  this  creek.  In  the  various 
reports  referring  to  fossils  there  it  is  called  "Ralston  Creek;"  but  on  the  maps  of  the 
atlas  of  Colorado  it  is  called  "Van  Bibber  Creek."  It  is  the  first  creek  north  of  tho 
North  Table  Mountain,  while  on  the  map  the  name  Ralston  Creek  is  applied  to  the 
second  one  north  of  that  mountain. 
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the  same  general  characteristics  as  that  which  is  mined  in  the  face  < 
Table  Mountain,  near  Golden  City,  three  or  four  miles  away. 

Mr.  W.  II.  Holmes,  artist  and  geologist  of  the  Survey,  visited  the  plac 
about  that  time  and  collected  a  few  specimens  of  a  shell  that  Mr.  Mee 
afterward  described  as  Cyrena  t  Iwlmesi  in  the  Bull.  U.  S.  (JeoL  Sun 
Terr.  2d  ser.  No.  1,  p.  45. 

The  shells  were  found  in  the  uppermost  of  the  layers  that  were  du 
through  in  sinking  the  shaft,  and,  so  far  as  I  can  learn,  no  other  fossil 
were  found  in  any  of  the  other  layers.  I  was  not  able  to  learn  at  wha 
depth  the  coal  was  found  beneath  these  fossiliferous  layers,  but  it  wa 
probably  not  more  than  fifty  feet.  The  strata,  as  I  saw  them  by  lookint 
down  the  shaft,  were  alternating  layers  of  soft  and  harder  sandston 
with  sandy  shales,  and  the  series  of  layers  appeared,  and  are  reporter 
to  have  been  found  without  any  material  change  from  top  to  the  coo 
•  below.  The  debris  and  soil  so  completely  cover  the  valley  sides  and  it 
neighborhood  as  to  obscure  all  strata  adjacent  to  those  that  were  seen  ii 
the  shaft,  and  the  surface  presents  no  direct  indication  that  the  strat 
beneath  have  ever  been  violently  disturbed.  Mr.  Holmes,  therefore,  no 
being  in  possession  of  the  paleontoiogical  facts  which  I  have  since  ascei 
tained,  supposed  the  natural  position  of  the  fossils  referred  to,  to  be  abov 
the  bed  of  coal  which  is  mined  in  Table  Mountain,  near  Golden  City,  a 
it  was  found  now  to  be  above  the  coal  in  the  shaft.* 

A  year  or  two  after  Mr.  Ilolines's  examination  of  this  district  Mi 
Arthur  Lakes  also  examined  the  strata  of  the  then  abandoned  shaft,  am 
besides  specimens  of  Cyrena  t  liolmesi  he  found  associated  in  the  sani 
layer  an  unmistakable  fragment  of  a  Seaphites,  According  to  our  pre* 
ent  knowledge  of  the  geological  range  of  this  genus,  this  discovery  i 
assumed  to  show  conclusively  the  Cretaceous  age  of  the  strata  in  quee 
tion.  This  specimen  is  too  imperfect  for  full  specific  identification,  bu 
it  seems  to  belong  to  #.  mandanensis  Morton,  which  indicates  the  epoel 
of  the  Fox  Hills  Group.  As  there  seemed  to  be  no  stratigraphical  breal 
between  the  layers  containing  the  fossils  and  those  in  contact  with  th 
coal,  the  latter  has  been  inferred  to  be  of  Cretaceous  age  also;  but  th< 
following  difficulties  are  in  the  way  of  such  a  conclusion  : 

Notwithstanding  the  fact  that  west  of  the  Rocky  Mountains  coa 
has  been  found  in  both  the  Fox  Hills  and  Colorado  groups,  so  far  as  . 
am  aware  no  indication  whatever  of  coal  has  yet  been  found  in  tin 
strata  of  either  of  those  groups«nor  in  any  strata  older  than  those  of  th< 
Laramie  Group,  east  of  the  Rocky  Mountains  in  Colorado.  All  th< 
Mesozoic  strata  known  in  this  region  are  well  exposed  in  this  immediate 
neighborhood,  and  they  have  been  carefully  explored  for  coal  withou 
success.  Again,  some  small  masses  of  compact  calcareous  rock  wrere  oh 
tained  from  Mr.  Geo.  L.  Taylor  of  Denver,  Colo.,  labeled,  "  From  nea 
Colorado  Springs,  Col."  These  were  filled  with  shells  almost  certainly 
identical  with  the  Cyrena  f  holmcsi  of  Meek,  and  imbedded  among  then 
1  found  a  fragment  of  a  gasteropod  having  the  characteristics  of  LunatU 
so  far  as  they  could  be  ascertained.  This  is  the  history  of  the  perplexing 
discovery  at  Ralston  Creek  at  the  time  of  my  visit  there  in  1877. 

Being  in  possession  of  the  foregoing  paleontoiogical  facts  I  could  no* 
accept  the  reference  to  Laramie  or  later  age  of  the  strata  containing 
Cyrena  t  holmcsi,  and  I  made  as  careful  an  examination  as  possible  o 
that  neighborhood  with  a  view  to  a  proper  understanding  of  the  trui 
condition  of  the  strata  there,  and  with  the  following  result: 

*  So  far  as  I  am  aware,  Mr.  Holmes  never  published  his  observations  in  this  district 
and  the  view  he  then  held  is  inferred  from  the  statement  made  by  Mr.  Meek  in  con 
nection  with  his  description  of  Cyrena  t  holmcsi  (loc.  cit.). 
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As  is  shown  in  the  numerous  sections  which  accompany  Dr.  Hayden's 
reports  upon  this  region,  all  the  Mesozoic  strata  are  upturned  against 
the  flanks  of  the  liocky  Mountains ;  the  whole  series,  including  the 
Laramie  Group,  thence  extending  out  almost  horizontally  upon  the 
plains. 

The  Laramie  strata  were  originally  flexed  with  the  others,  but  being 
softer  they  have  mostly,  but  not  in  all  cases,  been  removed  by  denudation 
from  the  immediate  line  of  flexure,  so  that  we  oftener  than  otherwise 
see  these  strata  in  a  nearly  level  position,  while  the  others  close  by  are 
flexed.  But  they  are  plainly  seen  to  rest  upon  the  strata  of  the  Fox 
Hills  Group,  and  no  distinct  stratigraphy cal  plane  of  demarkation  has 
yet  been  detected  between  them. 

The  outflow  of  the  trap  which  now  caps  the  two  Table  Mountains  in 
the  immediate  vicinity  of  Golden  City,  the  northern  side  of  the  northern 
one  of  which  is  near  to  the  locality  under  discussion,  took  place  at  a 
comparatively  late  date,  and  its  outburst  must  have  necessarily  ruptured 
and,  at  least  locally,  disturbed  the  strata  at  and  around  the  place  of 
exit.  The  little  group  of  hills  immediately  upon  the  north  side  of  Ralston 
Creek,  and  at  the  southern  base  of  one  of  which  is  the  coal-shaft  with  its 
fossiliferous  layer  of  sandy  shale,  here  considered,  are  composed  entirely 
of  trap  similar  to  that  which  caps  the  adjacent  Table  Mountain. 

A  careful  examination  of  these  hills  convinces  me  that  they  occupy 
the  site  of  the  rent  through  which  a  large  part  if  not  all  the  melted  trap 
came,  which  doubtless  once  covered  a  large  portion  of  this  district  ad- 
jacent to  the  foot-hills,  but  of  which  only  comparatively  small  portions 
have  escaped  destructive  erosion.  These  small  portions  now  cap  the 
two  Table  Mountains  and  form  the  small  group  of  hills  here  referred  to. 
This  outburst  took  place  directly  in  line  of  the  upturned  edges  of  the 
Cretaceous  strata  against  the  flanks  of  the  Rocky  Mountains,  the  posi- 
tion and  extent  of  which  have  already  been  explained.  This  dynamic 
movement,  however,  did  not  materially  affect  the  strata  of  either  the 
Bed  Beds  or  the  Dakota  Group,  as  is  shown  by  the  present  direct  con- 
tinuity of  the  crests  of  their  hogbacks.  The  strata  of  the  Colorado 
Group  are  too  soft  to  produce  a  hogback,  and  they  are  so  covered 
by  debris  that  we  cannot  know  to  what  extent  they  may  have  been  dis- 
turbed by  the  outburst.  The  hogback  of  the  Fox  Hills  Group  has  been 
distnrl>ed  and  interrupted.  A  portion  of  it  standing  conspicuously  in 
the  valley  at  a  point  not  far  to  the  south  westward  from  the  coal-shaft  in 
question  has  its  strata  nearly  vertical,  instead  of  standing  at  the  much 
less  angle  of  elevation  shown  by  the  other  hogbacks,  when,  if  undis- 
turbed, since  the  mountain  uplift  tl*ey  should  be  the  steeper,  because 
they  are  nearer  to  the  foot-hills.  The  trend  of  this  short  hogback  of 
Pox  Hills  strata  is  also  so  deflected  that  if  a  hue  representing  its  axis 
were  continued  in  the  curve  it  indicates  in  a  northward  and  northeast- 
ward direction  it  would  lie  approximately  tangent  to  the  southeastern 
base  of  the  group  of  trap  hills  here  referred  to,  near  the  point  where  the 
coal-shaft  has  been  sunk. 

I  offer  the  following  explanation  of  these  phenomena:  The  trap  rent 
was  a  xery  large  one,  not  in  the  form  of  a  dike,  but  circumscribed,  irreg- 
ular, and  several  hundred  yards  across.  It  came  in  the  line  of  flexure 
of  the  Cretaceous  strata  where  they  are  upturned  against  the  flank  of 
the  mountains,  probably  breaking  through  those  of  the  Colorado  Group, 
bnt  evidently  lifting,  displacing,  and  overturning  at  least  a  portion  of 
the  Fox  Hills  strata,  together  with  a  portion  of  the  then  and  there  super- 
imposed Laramie  strata.  This  is  believed  to  be  the  exact  condition  of 
those  adjacent  to  the  trap  hills,  through  which  the  coal-shaft  has  \)e&a 
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sunk.  That  is,  the  strata  at  that  particular  point  have  been  entirety 
reversed  by  the  uplifting  force  of  the  outflowing  trap ;  so  that  the  shaft 
was  begun  in  strata  of  the  Fox  Hills  Group  and  continued  downward 
until  those  of  the  Laramie,  including  the  coal,  were  reached  in  reversed 
order. 

This  bed  of  coal  is  believed  to  be  the  same  that  is  now  worked  in  the 
Laramie  strata  of  Table  Mountain  near  Golden  City,  its  change  of  thick- 
ness and  quality  within  that  distance  not  being  unusual  with  the  coal- 
beds  of  the  Laramie  Group. 

This  explanation  makes  it  evident  that  Cyrena  f  holmesi  Meek  is  a 
Cretaceous  instead  of,  as  Meek  supposed,  a  Tertiary  fossil,  even  without 
the  conclusive  testimony  of  the  associated  Scaphite. 

Besides  this,  by  carefully  cutting  away  the  embedding  shale  from  an 
authentic  specimen  of  that  species,  which  I  obtained  from  the  same  layer 
that  furnished  the  type  specimens,  I  discovered  that  it  has  not  the  hinge 
characteristics  of  Cyrena^  but  has  those  of  Mactra,  or  at  least  of  a  section 
of  that  genus;  thus  confirming  the  marine  character  of  the  stratum  con* 
taining  it,  winch  was  indicated  by  the  associated  Scaphite,  These  facts 
alone  would  seem  to  be  sufficiently  conclusive,  but  within  the  last  few 
months  Mr.  Lakes  has  sent  to  the  office  of  the  Survey  some  specimens  of 
the  Cyrena  f  holmesi  of  Meek,  collected  by  him  from  the  Fox  Hills  strata 
on  Bear  Creek,  near  Morrison,  about  twelve  miles  southward  from  the 
place  where  that  species  was  originally  discovered.  The  shells  sent  by 
Mr.  Lakes  were  imbedded  in  a  small  mass  of  stone,  and  imbedded  in  the 
same  mass  I  also  found  a  fragment  of  a  Scaphite,  evidently  of  the  same 
species  as  that  which  was  found  in  the  layer  that  furnished  the  type 
specimens  of  Cyrena  f  holmesi,  on  Ralston  Creek.  It  also  contained  a 
fragment  of  a  Baculite.  These  facts  are  conclusive  as  to  the  Cretaceous 
age  of  Mr.  Lakes's  fossils,  even  without  the  field-label,  which  was  "  Bear 
Creek,  750  feet  below  the  coal-bed."  The  coal-bed  referred  to  is  that  of 
the  Laramie  Group  and  which  is  not  far  from  its  base. 

The  questions  of  interest  involved  in  the  discussion  of  the  phenomena 
observed  in  connection  with  the  fossils  of  the  coal-shaft  on  Ralston  Creek 
are  in  part  purely  geological  and  in  part  paleontological,  and  some  of 
them  are  so  important  that  the  subject  has  here  received  more  attention 
than  would  otherwise  have  been  given  to  it. 

The  location  of  the  great  trap  vent  upon  the  line  of  flexure  of  the 
strata,  which  are  upturned  against  the  flank  of  the  Rocky  Mountains, 
would  seem  to  indicate  that  the  outburst  came  there  because  of  the 
weakening  of  the  strata  bjT  having  been  flexed,  thus  lessening  the  re- 
sistance to  upward  pressure.  But  while  the  strata  are  continuously 
Hexed  along  the  base  of  the  mountains,  the  vent  is  circumscribed,  and  is 
not  in  the  form  of  a  dike,  nor  a  lengthened  sheet  along  the  line  of  flex- 
ure. Besides  this,  the  dike  at  Valmont,  fifteen  miles  to  the  northward, 
is  not  upon,  but  several  miles  eastward  of,  the  line  of  flexure,  and  at  right 
angles  to  it.  It  is  doubtless  true  that  the  inclined  posture  of  the  strata, 
when  the  trap  burst  through,  facilitated  the  overturning  of  those  that 
were  upon  the  outer  side  of  the  vent;  those  between  the  vent  and  the 
granite  mass  of  the  mountains  offering  greater  resistance  to  the  pressure 
were  comparatively  undisturbed. 

It  is  also  desirable  to  elucidate  every  question  which  bears  upon  the 
order  of  succession  of  the  brackish-  and  fresh- water  deposits  upon  those 
of  marine  origin,  and  the  consequent  order  of  succession  of  invertebrate 
types.  Coal-making  conditions  are  known  to  have  existed  at  times  in 
both  the  Colorado  and  Fox  Hills  Cretaceous  epochs,  in  what  are  now 
the  regions  west  of  the  Rocky  Mountains,  but  they  are  believed  not  tfl 


1    CRETACEOUS  FOSSILS  OF  MORRISON  AND  GOLDEN  CITY.     197 

have  existed  during  either  of  those  epochs  within  what  are  now  the  limits 
of  Colorado,  east  of  those  mountains.  The  foregoing  explanation  of  the 
phenomena  observed  on  Ralston  Creek  removes  the  doubt  upon  this 
point  that  was  at  one  time  felt  in  consequence  of  finding  Cretaceous  fossils 
above  a  bed  of  coal  there.  At  all  the  localities  which  I  have  visited  in 
Eastern  Colorado  the  strata  of  the  Colorado,  Fox  Hills,  and  Laramie 
Groups  all  indicate,  great  uniformity  of  condition  of  deposition  through- 
out each  epoch  respecti  vely,  to  which  rule  the  formerly-supj>osed  presence 
of  a  bed  of  coal  in  the  Fox  Hills  strata  at  lialston  Creek  would,  if  true, 
have  been  an  exception.  A  comparison  of  these  indications  of  former 
physical  conditions  in  regions  that  ar.e  now  respectively  east  and  west  of 
the  Rocky  Mountains,  will  be  made  on  subsequent  pages,  but  it  should 
be  always  borne  in  mind  that  this  great  physical  continental  feature  did 
not  then  exist. 

The  following  list  of  fossils  obtained  from  Cretaceous  strata  near  the 
base  of  the  Rocky  Mountains,  between  Bear  and  Ralston  Creeks,  a  dis- 
tance of  about  twelve  miles  and  including  the  vicinity  of  Golden  City, 
has  been  collected  in  part  by  Mr.  A.  Lakes  and  Capt.  E.  L.  Berthoud, 
but  I  also  visited  all  the  localities  in  person.    The  strata  of  the  Red 
Beds,  the  Jurassic  and  Dakota  Groups  of  this  district  have  been  long 
and  carefully  searched  for  invertebrate  fossils  by  both  these  gentlemen, 
but  without  success,  except  the  discovery  of  a  single  shell  which  is  re- 
ported by  Mr.  Lakes,  presently  to  be  mentioned. 

UST  OP  CRETACEOUS  FOSSILS  FROM  THE  VICINITY  OF  GOLDEN  CITY 

AND  MORRISON,   COLO. 

Fox  Hills  Qroup. 

1.  Pterin  Ungviformis  Evans  &  Shumard.    Bear  Creek,  near  Morrison. 
-.  Pteria  (Pseudoptera)  fibrosa  Meek  &  Hayden.    Bear  Creek,  near 
Morrison. 

3.  Inoceramus  oblongm  Meek.    Bear  Creek,  near  Morrison. 

4.  Xucufn  planimarginata  Meek  &  Hayden.    Near  Golden  City. 

5.  Xucula  eancellata  Meek  &  Hayden.    Near  Golden  City. 

6.  Cardium  sjwciosum  Meek  &  Hayden.    Bear  Creek,  near  Morrison. 

7.  Tcllina  scitnla  Meek  &  Hayden.    Bear  Creek,  near  Morrison. 

8.  Mactra  holmesi  Meek  sp.    Bear  and  Ralston  Creeks. 

0.  Pachymyat  herseyi  White.    Bear  Creek,  near  Morrison. 

10.  DentaUum  gracile  Hall  &  Meek.    Bear  Creek,  near  Morrison. 

11.  Lunatia  subcrassa  Meek  &  Hayden.    Bear  ('reek,  near  Morrison. 

12.  BacvUtes  ovatm  Say.    Bear  Creek,  near  Morrison. 

13.  Scaphites  nodosus  Owen.    Bear  Creek,  near  Morrison. 

14.  Scaphites  mandanensis  Morton  sp.?    Bear  and  Ralston  Creeks. 
13.  Placenticeras  placenta  var.    Bear  Creek,  near  Morrison. 

Colorado  Group. 

16.  Qxtrea  congesta  Conrad.    Bear  Creek,  near  Morrison. 

17.  Inocevamus  deformis  Meek.    Bear  Creek,  near  Morrison. 

18.  iHoceramus  problematicus  Schlotheim.    Bear  Creek,  near  Morrison. 

KOTES   ON   THE  FOSSILS  FROM   THE   VICINITY  OF   GOLDEN   CITY   AND 

MORRISON. 

The  fossils  obtained  from  the  strata  of  the  Fox  Hills  Group  at  Bear 
Creek  were  found  at  two  horizons  or  in  two  layers j  one  about  two  hun- 
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dred  feet  below  the  bed  of  coal  there,  and  the  other  about  seven  hundred 
and  fifty  feet  below  it.  The  coal  is  embraced  within  the  strata  of  the 
Larainic  Group,  and  is  apparently  not  much  more  than  one  hundred  feet 
above  its  base,  but  no  plane  of  demarkation  between  the  two  groups 
has  yet  been  satisfactorily  recognized.  Nos.  C,  7,  9,  and  10  of  the  fore- 
going list  were  obtained  from  the  upper  fossiliferous  horizon  on  Bear 
Creek,  and  they  are  also  all  characteristic  of  the  uppermost  strata  of 
the  Fox  Hills  Group  as  seen  in  the  valley  of  the  Cache  &  la  Poudre  and 
at  the  mouth  of  the  Saint  Vrains,  and  the  upper  Bear  Creek  horizon  is 
therefore  no  doubt  equivalent  with  those  strata.  The  species  represented 
by  the  four  foregoing  numbers  are  discussed  in  the  notes  following  the 
lists  of  fossils  collected  in  the  district  of  the  Cache  &  la  Poudre  and 
Saint  Vrains.  The  two  species  of  Xvcula  represented  by  Nos.  4  and  5 
of  the  list  were  obtained  from  near  Golden  City  by  Captain  Berthoud. 
They  also  exist  in  the  uppermost  fossiliferous  strata  of  the  Fox  Hills 
Group  in  the  valley  of  the  Cache  a  la  Poudre,  but  in  the  Upper  Missouri 
Biver  region  No.  5  at  least  ranges  as  low  as  the  upper  part  of  the  Fort 
Pierre  Group.  All  the  remaining  species  of  the  list  that  were  found 
in  the  Fox  Hills  strata  of  Bear  Creek  are  from  750  feet  below  the  coal. 
The  existence  and  association  of  the  Cyrena  f  holmesi  of  Meek  (=  Afactra 
holmexi  White)  and  Seaphitex  mandancuxixf  at  both  the  Ralston  Creek 
and  Bear  Creek  localities  has  already  been  stated  aud  commented  on. 

The  three  species  obtained  from  the  Colorado  Group  at  Bear  Creek 
are  from  the  upper  portion,  doubtless  representing  in  part  the  Niobrara 
Group  or  Cretaceous  No.  3  of  the  l'p]>er  Missouri  section.  The  speci- 
mens of  Ontrea  vongeata  were  found  adhering  to  the  shells  of  Inoceramm 
deform  is.  The  former  is  an  abundant  and  widely-distributed  species,  but 
the  latter  has  never,  to  my  knowledge,  l>een  found  in  the  Upper  Mis- 
souri Biver  region,  although  it  is  common  in  the  latitude  of  Colorado 
aud  southward.  iHovcmmnH  problematicun,  No.  18  of  the  list,  does  not 
appear  to  range  above  the  horizon  at  which  it  is  found  in  the  valley  of 
Bear  Creek,  east  of  the  Boeky  Mountains  in  Colorado,  but  in  South- 
western Wyoming  forms  that  are  undistiuguishable  froni  this  species 
are  found  in  strata  of  the  Fox  Hills  Group. 

The  discovery  by  Mr.  Lakes  of  a  fossil  shell  in  the  strata  of  the  Dakota 
Group  has  been  already  referred  to.  The  following  is  his  account  of  it 
in  a  personal  letter  to  me  under  date  of  June*  21,  1878 :  '•  To-day  in  ex- 
ploring some  rocks  of  the  Dakota  Group,  1  found  in  some  finely  lami- 
nated drab  shales  about  1(H)  feet  below  the  usual  ridge  of  sandstone  which 
so  characteristically  caps  the  Dakota  hogback,  the  shell  which  I  for- 
ward to  you  by  to-day's  mail.  The  shell  was  found  in  undoubted  Dakota 
rocks,  a  little  north  of  the  river  Saint  Vrams.*  This  is  quite  an  unex- 
l>ected  discovery,  and  the  s]>ecimen  is  the  first  InoceramuH  that  has,  so 
far  as  1  am  aware,  been  found  in  strata  of  the  Dakota  Group.  From 
the  above  remarks  of  Mr.  hakes,  and  a  pencil-sketch  which  accompanied 
them,  it  seems  probable  that  the  shell  in  question  really  came  from  the 
upi>er  layers  of  the  Atlantosaurian  beds  of  Professor  Marsh.  It  has 
been  much  compressed,  and  is  too  iin]>erfect  for  specific  identification, 
and  is  i>erhaps  identical  with  /.  uHtbonatus  Meek  &  llayden,  a  Fort  Ben- 
ton Group  sjHH*ies,  but  it  has  in  its  compressed  condition  much  the 
aspect  of  J.  raiuurnti  Meek  &  llayden,  from  the  Fort  Pierre  Group.  It 
is  of  a  decidedly  Cretactnms,  and  not  Jurassic  ty]>e,  which  fact  has  an 
interesting  relation  to  the  age  of  the  Atlantosaurian  beds  of  Professor 
Marsh,  if  the  s]>ecimcn  really  came  from  them. 

;  The  deposition  of  sediment  which  formed  these  beds  seems  to  have 
oontinued  without  interruption  or  material  change  of  character  to 
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the  formation  of  those  layers  in  which  Mr.  Lakes  found  the  Inoceramm 
here  referred  to ;  and  the  Atlantosaurian  beds  seein  also  to  be  a  part  of 
a  continuous  dei>osition  of  sediment  from  those  of  undisputed  Jurassic 
age  beneath.  This  subject  will  be  again  referred  to  on  subsequent 
pages,  but  our  present  knowledge  is  hardly  sufficient  to  warrant  any 
conclusive  generalizations  upon  it. 

From  Ralston  Creek  I  proceeded  northward  along  the  base  of  the  foot- 
hills, by  way  of  Marshall's  coal  mines  to  the  valley  of  the  South  Boulder. 
Going  thence  eastwardly,  I  found  in  the  slope  of  the  hills  some  two 
or  three  miles  eastward,  from  Marshall's  mines  at  about  50  feet  above  the 
horizon  of  the  coal  some  imperfect  specimens  of  oyster-shells.  They 
were,  however,  perfect  enough  to  allow  their  identification  with  O.  glabra 
which  I  had  found  so  abundant  at  several  localities  of  Laramie  strata, 
as  already  recorded. 

Continuing  eastward  to  the  village  of  Erie,  on  Coal  Creek,  I  found,  just 
south  of  the  village  and  of  the  coal  mines  which  are  worked  then?,  some 
considerable  exposures  of  Fox  Hills  strata  that  have  evidently  been 
brought  up  by  a  fault.    I  could  not  ascertain  the  extent  of  this  fault 
because  of  the  presence  of  the  abundant  debris  of  the  plains,  but  it  seems 
to  Ik?  a  short  one  and  to  have  its  northern  end  at  the  south  side  of  the 
village,  and  to  extend  southward  only  betweeu  one  and  two  miles.  The 
throw  of  the  fault  is  a  slight  one  compared  with  many  of  those  which  we 
find  west  of  the  mountains,  as  the  fossils  indicate  a  horizon  near  the  up- 
per part  of  the  Fox  Hills  Group,  aud  the  layers  containing  them  are 
011  a  level  with  the  coal,  which  is  not  far  from  the  base  of  the  Laramie 
Group.    The  fault  is  thus  seen  to  involve  the  upper  strata  of  the  Fox 
Hills  Group  and  the  lower  strata  of  the  Laramie,  and  the  throw  proba- 
bly does  not  exceed  500  feet.    The  fossils  referred  to  are  in  the  form  of 
easts  in  sandstone,  and  consist  almost  wholly  of  Vcniella  hum  His  Meek 
&  Haydeu. 

1  traversed  in  different  directions  a  large  part  of  the  district  between 
South  Platte  and  Boulder  Rivers,  hoping  to  liud  other  exposures  of  the 
fossiliferous  horizons  of  Laramie  strata,  but  without  success.    These 
examinations  ended  my  palcontological  Held- work  east  of  the  mountains 
for  this  season,  and  I  returned  to  the  foot-hills  at  Boulder  City  to  prepare 
for  crossing  the  Rocky  Mountains  by  way  of  Boulder  Pass.    Many  inter- 
esting and  important  paleontological  questions  pertaining  to  this  eastern 
frgion  still  remain  unsettled,  the  investigation  of  which  I  hope  to  resume 
Jit  another  time.    I  have  also  passed  over  many  important  features  of 
structural  geology  without  comment  because  they  have  already  been  so 
fully  reported  upon  by  Dr.  Haydeii  and  the  late  Mr.  Marvine. 

The  following  brief  summary  of  the  observations  made  east  of  the 
mountains  is  presented  here  for  the  purpose  of  facilitating  the  discussion 
that  on  subsequent  pages  will  follow  the  record  of  the  field-work  for  the 
whole  season. 

Every  practicable  opportunity  was  improved  to  note  the  character  of 
the  strata  at  the  junction  of  the  well-recognized  groups  respectively, 
and  also  to  seek  for  the  precise  point  or  plane  where  the  characteristic 
fossils  of  the  one  cease,  and  those  of  the  other  begin,  to  appear.  Also, 
as  far  as  possible,  the  vertical  range  of  each  species  collected  was 
observed  and  compared  with  the  vertical  range  of  the  same  and  asso- 
ciated species  elsewhere,  especially  with  those  from  the  typical  localities 
of  the  Upper  Missouri  River  region. 

As  to  the  limits  of  the  formations  or  groups  which  I  have  examined, 
although  each  one  as  a  whole  is  sufficiently  distinct  and  characteristic 
lithologically,  and  also  paleontologically  when  fossils  occur  in  them,  the 
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precise  boundaries  of  all  of  them,  from  the  base  of  the  Bed  Beds  to  the 
top  of  the  Monument  Creek  Group,  were  found  to  be  obscure,  even  where 
they  could  be  best  observed.  It  is  true  that  the  opportunities  for  such  ob- 
servation are  limited  by  prevailing  dibri*,  but  in  no  place  where  opportu- 
nity has  offered  have  I  been  able  to  select  any  stratum  or  any  line  or  plane 
of  deinarkation  between  any  two  strata,  and  say  with  confidence  that  it 
constitutes  the  precise  boundary  between  any  two  of  these  groups  or  for- 
mations. Besides  this,  the  horizons  whicli  are  indicated  by  the  pres- 
ence, or  known  vertical  limits  of  range,  of  certain  species  of  fossils  are 
all  parallel  with  the  assumed  planes  of  demarkation  between  the  groups, 
and  consequently  with  each  other.  Thus,  for  example,  a  well-character- 
ized fossiliferous  horizon  occurs  near  the  top  of  the  Fox  Hills  Group  and 
another  near  the  base  of  the  Laramie  Group,  both  being  constant 
throughout  a  large  part  of  this  region.  They  are  comparatively  near 
together,  no  distinct  plane  of  demarkation  existing  between  the  two,  as 
before  stated,  and  yet  no  two  fossiliferous  horizons  in  any  series  more 
plainly  belong  to  different  groups.  In  the  present  state  of  our  knowledge 
edge  it  is  perhaps  too  much  to  say  positively  that  sedimentation  was  con- 
tinuous and  uninterrupted  over  the  area  that  now  constitutes  the  region  I 
have  examined,  from  the  beginning  of  the  epoch  of  the  Bed  Beds  to  the  close 
of  the  Laramie  period,  and,  perhaps,  also,  to  the  close  of  the  Monument 
Creek  e]>och,  but  such  now  seems  to  have  been  the  case.  That  oscilla- 
tions of  land-level  took  place  within  that  time,  which  shifted  the  eastern, 
and  doubtless  other  shore-lines  of  then  existing  seas,  is  certain,  as  will 
be  hereafter  shown,  but  such  oscillations  do  not  seem  to  have  interrupted 
or  materially  affected  the  continuity  of  sedimentation  in  the  area  that  now 
constitutes  the  portion  of  Colorado  which  lies  east  of  the  Rocky  Moun  tains, 
important  physical  changes  of  course  took  place  elsewhere,  which  had 
their  effect  in  producing  the  changes  of  the  fauna?  of  the  passing  epochs 
which  are  represented  by  the  groups  in  question,  and  in  deliniiig  those 
epochs  themselves,  but  that  subject  will  be  briefly  discussed  on  following 
pages.  The  observations  which  I  made  there  indicate  that  all  the  move- 
ments which  resulted  in  the  elevation  of  the  Rocky  Mountain  range 
certainly  took  place  after  the  close  of  the  Laramie  period,  and  at  least  in 
large  part  after  the  close  of  the  epoch  of  the  Monument  Creek  Group.* 
The  faults  and  trap  outflows,  however,  that  have  just  been  noticed,  took 
place  at  a  much  later  epoch,  probably  as  late  as  the  Pliocene  Tertiary, 
and  were*  probably  contemporaneous  with  a  large  part  of  those  that  are 
found  on  the  west  side  of  the  Rocky  Mountains. 

Before  taking  leave  of  the  east  side  it  is  proper  to  refer  to  certain  drift 
phenomena  which  I  observed  along  the  eastern  base  of  the  mountains, 
because  I  shall  also  have  occasion  to  refer  to  this  subject  briefly  when 
treating  of  regions  farther  westward. 

Near  the  base  of  the  mountains,  and  sometimes  reaching  several  miles 
out  ui)on  the  plains,  are  beds  of  drift,  composed  of  gravel,  usually  coarse, 
and  small  bowlders.    Almost  without  exception,  this  material  is  com- 

*  As  to  whether  the  Monument  Creek  Group  is  really  conformable  upon  the  Laramie, 
I  can  only  say  that  it  appeared  to  be  so  where  I  examined  it.  It  is  probably  a  consid- 
erably later  deposit  than  the  Laramie. 

There  is,  as  reported  by  the  late  Mr.  Marviue,  a  limited  unconformity  of  the  Laramie 
strata  upon  those  of  the  Fox  Hills  Group  in  Middle  Park ;  but  that  is  believed  to  have 
been  caused  by  comparatively  slight  movements  that  took  place  previous  to  those  of 
the  Rocky  Mountain  uplift  proper.  Very  extensive  displacements,  however,  are 
known  to  have  taken  place  at  or  near  the  close  of  the  Laramie  period  in  the  region 
that  now  constitutes  the  western  portion  of  Green  River  Basin,  as  will  be  shown  on 
following  pages;  but  even  those  movements  are  believed  not  to  have  interrupted  con- 
tinuous sedimentation  in  comparatively  large  areas. 
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posed  of  fragments  of  granitic  and  metamorphic  rocks  like  those  com- 
posing the  immediately  adjacent  mountains.  These  beds  have  been 
much  removed  by  later  erosion,  the  approximately  level  portion,  not 
eroded,  being  from  200  to  300  feet  above  the  neighboring  streams. 
Sometimes  they  break  off  by  terrace  slopes  that  are  apparently  not 
caused  by  erosion.  The  higher  surfaces  of  the  deposit  have  a  slight  uni- 
form slope  toward  the  plains.  It  is  difficult  to  estimate  the  thickness  of 
the  deposit  even  approximately,  and  it  is  also  difficult  to  ascertain 
whether  the  stratified  rocks  upon  which  it  was  deposited  were  first  lev- 
eled off  to  receive  the  deposit,  or  whether  the  leveling  was  only  of  its 
own  upper  surface.  Its  appearance  suggests  that  it  may  have  been  de- 
posited by  a  formerly  existing  ice-sheet  moving  off  from  the  immediately 
adjacent  mountains,  but  there  are  some  facts  connected  with  it  that  are 
difficult  to  explain  in  connection  with  that  suggestion.  High  hogbacks 
of  Mesozoic  rocks  stand  between  those  nearlv  level  reaches  of  drift  and 
the  granite  rocks  that  furnished  the  material  of  which  it  is  composed. 
If  the  surface  of  the  drift  was  really  leveled  off  by  an  outwardly  moving 
ice-sheet,  it  is  difficult  to  understand  why  the  hogbacks  were  not  also 
reduced  to  the  same  plane.  But  they  stand  there,  immediately  adjacent, 
several  hundred  feet  above  the  surface  of  the  drift,  and  also  above  many 
of  the  adjacent  granite  foot-hills,  and,  so  far  as  I  could  discover,  they 
diow  no  signs  of  former  glacial  action  upon  them. 

Again,  the  source  of  the  material  of  which  the  drift  is  composed  is 
only  from  two  to  ten  miles  away,  and  yet  its  gravel  and  bowlders  are  as 
perfect  and  smoothly  rounded  as  the  water-worn  pebbles  of  a  sea-shore. 
They  evidently  have  a  history  beyond  that  of  mere  detachment  from 
their  original  ledges  and  a  few  miles  of  glacial  transportation.  But  this 
subject  will  be  again  referred  to  on  subsequent  pages,  though  perhaps 
not  elucidated. 

Passing  through  the  foot-hills  near  Boulder  City,  consisting  mainly  of 
the  great  hogbacks  of  the  lied  Beds  and  Dakota  Group,  we  left  all  the 
sedimentary  rocks  of  the  east  side  and  traveled  upon  the  great  granite 
nucleus  of  the  liocky  Mountains  until  we  had  crossed  the  Front,  or  prin- 
cipal range.  Crossing  this  by  way  of  Boulder  Pass,  we  reached  the 
large,  elevated  infra-mountain  region  known  as  Middle  Park.  Our 
journey  led  us  into  the  park  by  way  of  the  headwaters  of  Frazier  River, 
where  we  came  upon  the  tirst  stratified  rocks  after  leaving  the  east  side, 
which  were  the  u  Lake  Beds"  of  Dr.  Lfayden's  reports. 

The  geological  structure  of  the  park  having  been  so  ably  reported 
upon  by  the  late  Mr.  Marviue,  my  attention  was  more  especially  directed 
to  the  characteristics  of  the  Laramie  strata  and  the  Lake  Beds,  with  the 
hoiK*  of  learning  something  of  their  palcoutological  history.  The  latter 
dejwjsit  is  very  extensively  developed  in  the  park  and  occupies  a  large 
part  of  its  surface.  It  rests  unconfonnabiy  upon  all  the  other  rocks, 
from  the  granite  to  the  Laramie  strata  inclusive. 

The  strata  (for  it  is  distinctly  stratified)  generally  presents  a  nearly 
level  aspect,  but  the  original  upper  surface  of  the  deposit  has  been 
everywhere  removed  by  erosion ;  so  that  of  an  original  thickness  of  a 
thousand  feet  or  more,  scarcely  more  than  one-third  of  that  thickness  is 
now  found  at  any  one point.  While  the  strata  of  this  deposit  have  no- 
where been  so  much  displaced  as  all  the  other  stratified  rocks  of  the 
park  have  been,  they  have,  however,  been  in  many  places  tilted  at  angles 
varying  from  one  to  fifteen  degrees.  This  deposit  was  carefully  searched 
lor  fossils  at  all  the  points  which  I  visited,  but  without  success  except  at 
one  point  on  Ranch  Creek,  a  tributary  of  Frazier  River.  Here  I  found 
two  imperfect  specimens  of  a  species  apparently  belonging  to  the  genus 


202      REPORT  UNITED  STATES  GEOLOGICAL  SUBVEY. 

Helix;  and  imbedded  in  the  same  mass  a  small  metacarpal  or  metatar- 
sal bone,  about  one  centimeter  long,  and  apparently  belonging  to  a  small 
rodent.  These  give  no  indication  of  the  age  of  the  deposit,  because 
they  belong  to  common  living  types,  and  because  fossil  forms  of  living 
invertebrate  types  are  abundant  in  strata  as  old  as  those  of  the  Laramie 
Group.  We  must,  therefore,  rely  upon  other  phenomena  to  indicate  the 
age  of  this  deposit.  The  following  is  a  summary  of  the  conditions  and 
indicated  circumstances  bearing  upon  this  point: 

The  Lake  Beds  are  known  to  be  considerably  more  recent  than  the 
Laramie  Group,  because  the  former  rests  conformably  upon  the  flexed 
and  much-eroded  strata  of  the  latter.  The  deposit  is  a  circumscribed 
one,  evidently  of  fresh-water  origin,  occupies  only  the  lower  surfaces  of 
the  park,  and  has  plainly  derived  its  material  from  the  immediately 
adjacent  and  surrounding  hills,  but  doubtless  before  either  the  deposit 
or  the  hills  were  elevated  to  their  present  height  above  the  level  of  the 
sea.  On  the  other  hand  it  is  known  to  be  quite  ancient  as  compared 
with  the  present  time,  because  it  has  suffered  extensive  erosion,  evi- 
dently amounting  to  more  than  half  its  original  bulk.  It  bears  the 
evidence  of  drift-leveling  similar  to  that  which  has  been  already  noticed 
as  occurring  at  the  eastern  base  of  the  mountains,  and  is  consequently 
older  than  the  epoch  of  that  drift :  and  its  strata  have  been  considerably 
flexed  in  some  places,  showing  that  mountain  elevation  was  continued, 
after  its  deposition.  This  deposit  is  regarded  as  of  the  same  or  about 
the  sauie  age  as  the  one  found  west  of  the  mountains  which  has  been 
called  the  Brown's  Park  Group  by  Professor  Powell,  and  Uinta  Group 
by  Mr.  King.  A  comparison  of  the  two  was  made  in  my  report  of  last 
year,  and  reference  to  the  subject  will  necessarily  be  made  on  following 
pages. 

The  drift  phenomena  observed  in  Middle  Park  consist  of  scattered 
gravel  and  bowlders  upon  quite  extensive,  nearly  level,  or  gently  slop- 
ing surfaces  of  diffeient  heights,  which  often  assume  the  character  of 
terraces.  The  gravel  and  bowlders  are  sometimes  scantily  and  some- 
times profusely  spread,  and  the  material  of  which  they  are  composed 
has  evidently  been  derived  from  the  immediately  adjacent  mountains  and 
hills.  The  pebbles  and  small  bowlders  have  been  as  smoothly  rounded, 
evidently  water  worn,  as  those  which  have  already  been  referred  to  as 
existing  at  the  eastern  base  of  the  mountains.  The  leveling  of  the  sur- 
faces upon  which  this  material  rests  may  have  been  produced  by  the  same 
forces  which  scattered  it,  but  the  evidence  on  this  point  is  not  conclu- 
sive. The  various  aspects  in  which  one  may  view  these  surfaces  in 
different  portions  of  the  park  suggest  the  idea  that  they  may  repre- 
sent different  base-planes  of  erosion  wliich  were  successively  reached 
during  the  process  of  erosive  excavation  of  the  deposits  which  formerly 
more  completely  than  now  filled  the  park.  This  terracing  of  the  depos- 
its of  the  park  is  known  to  be  of  comparatively  recent  date,  because  they 
occur  upon  the  older  and  later  deposits  alike,  and  even  the  higher  or 
older  terraces  or  levels  are,  in  many  cases,  upon  the  Lake  Beds,  which 
are  much  the  latest  of  the  formations. 

In  Egeria  Park,  which  lies  west  of  Middle  Park  and  of  the  Park  Range 
of  mountains,  these  drift  terraces  or  levels  are  very  extensive,  and  con- 
stitute even  more  conspicuous  features  of  that  district  than  they  do  in 
Middle  Park,  but  they  are  there  mainly  or  wholly  carved  out  of  the  Cre- 
taceous deposits,  there  being  no  later  deposits  within  its  limits. 

The  strata  of  the  Laramie  Group  are  abundantly  developed  in  Middle 
Park,  so  far  as  aggregate  thickness  is  concerned,  which  is  fidly  double 
that  of  the  strata  of  the  same  period  in  the  region  which  I  examined 
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adjacent  to  the  eastern  base  of  the  mountains.  They  occupy  a  large 
area  in  the  mountain  region  between  the  Front  and  Park  Eanges,  extend- 
ing from  near  the  southern  portion  of  Middle  Park  to  the  southern  por- 
tion of  North  Park,  and  including  the  bill  region  between  both.  It  has 
been  searched  for  fossils  by  every  geological  party  that  has  visited  it, 
but,  so  tar  as  Middle  Park  is  concerned,  without  success  except  as  to 
fossil  plants. 

Among  the  collections  of  the  survey  are  some  fossils  obtained  by  the 
late  Mr.  Marvine,  from  strata  that  have  been  referred  to  the  Laramie 
Group,  in  Xorth  Park,  accompanied  by  the  following  label :  u  North 
Park,  SW.  corner,  8  miles  from  Muddy  divide."  "Muddy  divide"  is 
doubtless  the  locality  which  is  designated  as  "  Muddy  Pass  "  on  the  maps 
of  the  Atlas  of  Colorado,  lately  published  by  the  survey.  The  fossils  re- 
ferred to  consist  of  two,  or  perhaps  three,  species  of  gasteropods,  wrhich 
are  in  a  partially  crushed  and  imperfect  condition  of  preservation,  being 
in  the  form  of  casts  in  soft  sandstone.  One  is  a  Viviparus,  the  specimens 
of  which  are  remarkably  like  some  of  those  of  Y.  vcyomingemis  Meek, 
which  I  have  collected  from  the  Bridger  Group,  in  a  similar  state  of 
preservation ;  but  there  is  notliiug  in  the  observable  characters  of  these 
specimens  that  would  forbid  a  reference  of  them  to  V.  Beynoldsianw 
Meek  &  Hayden,  from  the  Fort  Union  Group  of  the  Upper  Missouri 
River  region.  The  correctness  of  the  latter  reference,  rather  than  the 
former,  is  suggested  by  the  fact  of  the  known  identity  of  the  Fort  Union 
beds  with  the  Laramie  Group  j  and  also  the  further  fact  that  V.  Wyo- 
mmgensi*  has  not  been  recognized  in  any  other  strata  than  those  of  the 
Bridger  Group,  not  even  those  of  either  the  Green  Eiver  or  Wasatch 
Group. 

Of  the  other  species,  one  is  referred  to  Campeloma,  and  is  probably 
identical  with  ft  multistriata  Meek  &  Ilaydeu,  from  the  Fort  Union 
beds,  and  also  found  by  myself  in  the  Laramie  strata  of  Crow  Greek 
Valley. 

The  other  form  is  somewhat  more  elongate  than  the  last,  and  has  a  slight 
angularity  at  the  outer  side  of  its  body  volution.  It  perhaps  belongs  to  the 
genus  GoniobaitiSj  but  neither  its  generic  or  specific  characteristics  could 
be  clearly  distinguished.  These  are  all  the  invertebrate  fossils  that  are 
known  to  have  been  collected  from  any  of  the  strata  of  this  large  iutra- 
mountain  area  that  have  been  referred  to  the  Laramie  period.  Of  them- 
selves they  are  not  sufficient  to  determine  the  age  of  the  strata  contain- 
ing them,  or  their  equivalency  or  otherwise  with  those  of  the  Laraniie 
Group.  The  strata  of  all  the  other  areas  which  in  this  report  are  re- 
ferral to  the  Laramie  period  are,  as  I  shall  show,  so  referred  because  of 
the  specific  identity  of  a  greater  or  less  number  of  species  of  inverte- 
brate fossils  found  in  the  strata  of  the  different  areas  or  regions  respect- 
ively. This  paleontological  evidence  is  in  all  cases  corroborated  by  the 
stratigraphical  relations  of  the  Laramie  strata  with  those  of  the  Fox 
Hills  Group  beneath,  and  also?  in  some  cases,  with  other  groups  above. 
In  the  case  of  the  strata  of  Middle  Park  of  assumed  Laramie  age,  we 
are  reduced  to  the  latter  kind  of  evidence  alone,  if  we  except  that  which 
may  be  derived  from  the  fossil  plants  and  the  few  fossil  shells  before 
mentioned. 

While  we  seem  warranted  in  assuming  that  the  strata  in  question,  of 

the  Middle  Park  region,  are  really  equivalent  with  the  Laramie  Group 

of  the  Upper  Missouri,  the  great  Green  Eiver  Basin,  and  of  the  plains 

at  the  eastern  base  of  the  Rocky  Mountains,  the  following  comparisons 

are  of  interest. 

The  strata  in  question  have  an  aggregate  thickness  in  Middle  Park 
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folly  double  that  of  those  in  the  plains  at  the  eastern  base  of  the  Front 
Range,  bat  not  greater  than  that  at  the  western  base  of  the  Park  Range. 
The  Middle  Park  strata  contain  no  fossils  that  are  certainly  identical 
in  species  with  any  of  the  numerous  forms  found  on  each  side  of  that 
region  at  the  eastern  and  western  bases,  respectively,  of  the  Rocky 
Mountains ;  and  they  contain,  so  far  as  known,  only  those  imperfectly 
known  species  before  referred  to  that  are  possibly  identical  with  forms 
in  the  Fort  Union  beds  of  the  Upper  Missouri. 

So  far  as  I  am  aware,  no  coal  has  been  found  in  the  Laramie  beds  of 
Middle  Park,  while  it  is  more  or  less  abundant  in  all  the  other  known 
regions  of  that  group. 

In  connection  with  this  latter  fact  it  may  be  mentioned  that  Mr.  Mar- 
vine  found  a  bed  of  coal  in  the  Fox  Hills  strata  of  Middle  Park,  and  it 
is  well  known  to  exist  in  strata  of  that  age  west  of  the  mountains, 
but  none  has  ever  been  found  in  strata  of  the  same  age  east  of  the 
mountains  in  Colorado,  so  far  as  I  am  aware. 

Leaving  Middle  Park  I  crossed  the  Park  Range  to  the  headwaters  of 
Yampa  River,  by  way  of  Egeria  Park. 

Owing  to  want  of  time,  comparatively  little  was  done  in  the  examina- 
tion of  the  Cretaceous  Groups  of  Middle  Park,  except  to  identify  them 
as  unmistakably  equivalent  with  the  groups  of  that  period  as  recognized 
elsewhere  in  Colorado,  both  east  and  west  of  the  Rocky  Mountains.  In 
my  generalizations,  I  shall  therefore  make  use  of  the  observations  that 
have  been  made  by  Ilayden,  Powell,  and  Marvine  in  this  district.  I 
found  limited  exposures  of  these' groups  in  connection  with  the  Laramie 
Group  in  the  vicinity  of  Hot  Sulphur  Springs  in  the  middle  portion  of  the 
park,  and,  also  farther  westward.  Passing  down  the  valley  of  Grand 
River,  only  the  Lake  Beds  were  observed  within  immediate  viewfrom  my 
line  of  travel,  until  we  reached  the  valley  of  Muddy 'River,  a  northern 
tributary  of  the  Grand,  that  has  its  course  along  the  western  portion  of 
the  park.  Here  the  strata  of  the  three  Cretaceous  Groups  are  exposed 
along  the  valley  of  the  Muddy  and  also  flanking  the  neighboring  eastern 
baste  of  the  granite  nucleus  of  the  Park  Range,  the  Red  Beds  only  inter- 
vening. Crossing  their  outcrops,  I  passed  over  the  Park  Range  into 
Egeria  Park,  where  I  found,  at  the  western  base  of  the  range,  as  at  its 
eastern  base,  the  Red  Beds  resting  upon  the  granite,  and  these  in  turn 
overlaid  by  the  Dakota  and  Colorado  Groups. 

The  strata  of  the  latter  groups  occupy  nearly  the  whole  of  Egeria 
Park  as  well  as  an  adjacent  part  of  the  valley  of  the  Yampa,  but  they 
are  here  and  there  capped  with  basalt,  consisting  of  shreds  of  the  great 
sheet  that  once  doubtless  covered  the  whole  region  of  the  headwaters  of 
the  Yampa  and  White  Rivers.  The  strata  of  the  Colorado  Group  in 
the  park  and  adjacent  neighborhood  consist  largely  of  light-colored 
sandstones,  often  only  slightly  compacted.  In  some  parts,  however,  the 
group  here  consists  of  the  characteristic  bluish  sandy  shales. 

After  passing  a  few  miles  down  the  valley  of  the  Yampa,  we  crossed 
over  in  a  northwesterly  direction,  to  Terrible  and  Sage  Creeks.  In  the 
valley  of  the  last-named  creek,  near  the  crossing  of  the  wagon  road,  I 
found  an  exposure  of  Cretaceous  strata.  Judging  from  their  lithological 
aspect  1  was  at  first  disposed  to  regard  them  as  belonging  to  the  Colo- 
rado Group,  but  the  position  of  the  outcrop,  not  more  than  200  feet  l>e- 
neath  the  base  of  the  Laramie  Group,  the  strata  of  which  are  seen  in 
the  adjacent  hills,  forbade  such  a  reference.  The  exposure  consists  of 
about  thirty  feet  in  thickness  of  light-bluish,  grayish,  and  dark  carbon- 
aceous shales,  with  occasional  compact  concretions  of  calcareous  and 
argillaceous  rock.  In  these  concretions  I  obtained  the  fossils  of  the  fol- 
lowing list,  most  of  which  are  of  well-known  species. 
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LIST  OF  CRETACEOUS  FOSSILS  COLLECTED  ON  SAGE  CREEK,  AN  UPPER 

TRIBUTARY  OF  YAMPA  RIVER,  COLORADO. 

1.  Caryopliyllia  cgeria  White. 

2.  Lingula  nitida  Meek  &  Hayden. 

3.  Pterin  Unguiformis  Evans  &  Slmmard. 

4.  Inoceramus  barabini  Morton. 

5.  Inoceram*is  pertenuis  Meek  &  Hayden  f 
C.  Xucula  planimarginata  Meek  &  Hayden. 

7.  Thetis  t  circularift  Meek  &  Ilayden. 

8.  Teredo f  (borings  in  fossil  wood). 

9.  Anisomyon  centrale  Meek. 

10.  Baculitcs  ovatus  Say. 

11.  Scaphitcs  nodosus  Owen. 

NOTES  ON  THE  CRETACEOUS  FOSSILS  OF  SAGE  CREEK. 

The  fossils  of  this  list,  unless  otherwise  stated,  are  described  and  fig- 
ured in  vol.  ix,  United  States  Geological  Survey  of  the  Territories. 

1.  Caryopliyllia,  cgeria  White. 

This  species  was  newly  discovered  with  the  fossils  of  the  foregoing 
list,  and  is  described  and  figured  in  another  part  of  this  volume,  to- 
gether with  the  only  other  known  species  of  this  genus  that  has  yet  been 
discovered  in  American  Cretaceous  strata.  The  latter  was  discovered 
by  Professor  St.  John,  in  strata  of  the  Fox  Hills  Group,  at  Cimarron,  N. 
Hex.,  and  iq  similar  argillaceous  strata.  This  circumstance  seems  to 
he  worthy  of  note,  in  view  of  the  fact  that  the  usual  habitat  of  living 
corals  is  in  the  purest  waters ;  and  the  comparatively  pure  calcareous 
strata  that  inclose  most  fossil  corals  indicate  that  similar  conditions  have 
always  been  essential  to  their  abundant  growth.  Coming,  as  this  species 
does,  from  near  the  top  of  the  series  of  Fox  Hills  strata,  it  adds  to  other 
evidence  that  true  marine  conditions  were  continued  up  to  the  close  of 
that  epoch. 

2.  Lingula  nitida  Meek  &  Hayden. 

A  single  example  only  of  this  species  was  found.  Only  one  other 
species  of  the  genus  has  been  recognized  in  the  Cretaceous  rocks  of  the 
West,  both  having  been  first  discovered  in  the  Upper  Missouri  Eiver 
region,  and  both  are  rare,  but  widely  distributed. 

3.  Pteria  Unguiformis  Evans  &  Shumard. 

On  a  previous  page  of  this  report,  this  species  has  been  noticed  at 
some  length.  It  is  widely  distributed,  and  ranges  through  both  the 
Fort  Pierre  and  Fox  Hills  Groups,  in  the  Upper  Missouri  Eiver  region. 

4.  Inoceramus  barabini  Morton. 

Scarcely  any  Cretaceous  species  has  a  wider  range  in  Western  ETorth 
America  than  this.  Its  vertical  range  is  also  through  the  Fort  Pierre 
and  Fox  Hills  Groups  of  the  Upper  Missouri  Eiver  region,  and  Mr. 
Meek  has  described  a  variety  of  it  from  the  uppermost  strata  of  the  Fox 
Hills  Group,  at  the  mouth  of  Judith  Eiver. 

5.  Inoceramus  pertenuis  Meek  &  Hayden. 

A  couple  of  imperfect  examples  of  Inoceramus  were  found  among  the 
other  fossils  that  seem  to  belong  to  this  species,  although  it  is  possible 
they  may  belong  to  the  L  vanuxemi  of  Meek  &  Hayden.  The  last-named 
species  has  been  found  only  in  the  Fort  Pierre  Group  of  the  Upper  Mia- 
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80uri  River  region,  and  it  also  ranges  low  in  the  strata  of  the  Fox  Hills 
Group  of  Eastern  Colorado.  In  view  of  the  high  jwsition of  these  fossils, 
it  seems  probable  that  the  examples  in  question  belong  rather  to  J.  per- 
tenuis  than  to  I.  vanuxcmi. 

6.  Nucula  planimarginata  Meek  &  Hayden. 

Several  examples  of  this  species  were  found  here,  all  imperfect,  but 
all  showing  characteristic  features.  It  is  always  found  to  range  high  in 
the  Fox  Hills  strata  of  Colorado. 

7.  Thetis  t  circular  is  Meek  &  Ilayden. 

Two  or  three  imperfect  examples  were  found,  which  seem,  from  their 
external  characteristics,  to  belong  to  this  species,  although  they  are  all 
smaller  than  the  type  specimens.  The  latter  also  have  been  found  only 
in  the  Fort  Pierre  Group  of  the  Upper  Missouri  Itiver  region,  while 
those  in  question  hold  a  much  higher  position. 

8.  Teredo f 

These  examples  consist  only  of  some  borings  in  pieces  of  fossil  wood 
which  have  become  filled  with  stony  material ;  but  they  seem  without 
doubt  to  have  been  made  by  a  species  of  Teredo  or  an  allied  mollusk. 

9.  Anisomyon  centrale  Meek. 

A  single  example  only  of  Anisomyon  was  found  with  the  other  fossils 
of  this  collection.  It  doubtless  belongs  to  this  species,  although  it  shows 
a  greater  than  the  usual  number  of  the  irregular  radiating  grooves 
which  characterize  most  of  these  tonus.  Figures  of  Meek's  types  of  tliis 
si>ecies  are  given  in  another  part  of  this  volume. 

10.  Baeulites  oratus  Say. 

In  the  notes  upon  this  species  on  a  previous  page  it  was  stated  that 
its  vertical  range  was  not  known  to  extend,  either  in  the  upper  Mis- 
souri River  region  or  in  Eastern  Colorado,  to  the  uppermost  strata  of  the 
Fox  Hills  Group.  At  I  he  locality  in  question,  however,  as  well  as  at 
another  locality  also  west  of  the  mountains,  in  the  valley  of  White  Kiver, 
presently  to  be  mentioned,  it  ranges  not  only  into  the  uppermost  strata 
of  the  Fox  Hills  Group,  but  it  is  there  associated  with  species  that 
especially  characterize  the  uppermost  strata  of  that  group  elsewhere. 

11.  Scuphites  nodosus  Owen. 

Four  or  five  examples  of  this  species  were  obtained  at  the  locality  here 
discussed,  one  of  which  possesses  all  the  characteristics  of  the  variety  to 
which  Mr.  Meek  gave  the  name  of  plenus.  The  others  are  by  natural 
growth  so  much  compressed  laterally  that  they  might  be.  readily  mis- 
taken for  a  separate  species.  They  apj>ear,  however,  to  possess  the  es- 
sential characteristics  of  the  form  to  which  Mr.  Meek  gave  the  varietal 
name  of  quadraiifjuhiris,  except  that  they  want  the  llattened  periphery, 
bordered  bv  numerous  small  nodes,  which  characterizes  his  tvpe  of  that 
varietv. 

While  discussing  the  fossils  of  the  Fox  Ilills  Group,  which  were  col- 
lected east  of  the  mountains  in  Colorado,  it  was  shown  that  certain  of 
the  species  characterize  certain  horizons  in  the  great  group.  For  ex- 
ample, certain  sj>ecies  that  are  found  only  in  the  Fort  Pierre  Group  of 
the  Upper  Missouri  Kiver  region,  are  found  only  at  a  correspondingly 
low  horizon  in  the  consolidated  Fox  Hills  Group  as  it  is  developed  in 
Eastern  Colorado.  Also,  that  the  sjiecies  which  characterize  the  upper- 
most Fox  Hills  strata  in  one  of  those  regions  are,  as  a  rule,  equally 
characteristic  of  corresponding  strata  in  the  other.    While  these  facts 
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are  very  valuable  for  general  application,  the  known  great  vertical  range 
of  some  of  the  species  makes  it  impracticable  to  place  implicit  reliance 
upon  any  single  species  as  indicating  a  definite  limited  horizon  within 
the  gronp.  The  following  comparisons  and  references  will  show  how  far 
the  paleontological  indications  agree  with  the  known  stratigraphical 
position  of  the  fossils  in  question.  According  to  our  present  knowledge 
of  the  range  of  the  species  of  the  Fox  Hills  Group,  the  presence  of 
tkaphites  nodosus  among  these  fossils  indicates  for  them  a  low  horizon  in 
the  Fox  Hills  Group,  as  does  also  Thetis?  circularise  if  that  species  has 
heen  correctly  identified. 

On  the  other  hand,  all  the  others  may  be  regarded  as  ranging  through 
the  whole  upper  half  of  the  Fox  Hills  Group  in  Colorado,  and  some  of 
them  below  it,  including  liaculites  ovatus,  which,  as  before  stated,  ranges 
higher  upon  the  west  side  of  the  Rocky  Mountains  than  it  is  known  to 
do  upon  the  east  side.    Besides  this,  lnoeeramits  pertenuis,  which  is 
doubtfully  identified  here,  is  a  species  hitherto  known  only  in  the  upper- 
most strata  of  the  Fox  Hills  Group  in  the  Upper  Missouri  River  region; 
and  a  variety  of  J.  barabini  also  exists  in  the  same  strata.    Summing 
up  the  whole  paleontological  evidence  then,  it  is  seen  that  while  it  is 
suggestive  of  a  lower  horizon,  there  is  nothing  to  prove  that  the  strata 
containing  these  fossils  may  not  really  belong,  as  they  appear  to  do,  to 
the  uppermost  portion  of  the  Fox  Hills  Group.    Therefore  we  need  not 
assume  that  the  strata  of  the  last  named  group  were  in  any  degree  re- 
moved by  erosion  in  this  neighborhood  before  the  deposition  of  the 
Laramie  strata.    Careful  examination  at  the  junction  of  the  two  groups 
in  the  neighboring  hillsides  also  failed  to  discover  any  plane  of  demark- 
ation  between  them.    This  fact  has  the  same  general  application  in  tliis 
region  west  of  the  mountains  that  it  was  found  to  have  at  their  eastern 
base. 

No  other  fossiliferous  horizons  were  found  in  this  neighborhood,  either 
in  the  Fox  Hills  or  Laramie  Groups.    My  journey  led  me  down  the  val- 
ley of  the  Yampa,  during  which  1  passed  much  of  the  way  over  Laramie 
strata,  as  determined  by  their  stratigraphical  position  and  character- 
istics, as  far  down  as  opposite  the  confluence  of  Williams  River  before 
I  found  any  fossils  to  confirm  those  previous  conclusions.    From  th is  point 
to  one  about  seven  miles  below,  in  the  north  valley  side  of  the  Yampa, 
I  found  somewhat  frequent  exposures  of  fossiliferous  layers,  the  prin- 
cipal of  which  was  found  in  Canon  Park,  a  portion  of  Yampa  Valley. 
The  fossils  collected  here  will  be  treated  as  from  one  locality,  because 
they  are  practically  upon  one  horizon  and  essentially  the  same  species 
of  fossils  occur  at  each  locality,  except  two  or  three  limited  ones,  where 
no  others  besides  the  Ostrca  were  found. 

LIST    OF    LARAMIE    FOSSILS   COLLECTED  IN  YAMPA  VALLEY,  NEAR 

CA^ON  PARK,  NORTHWESTERN  COLORADO. 

1.  Ostrca  glabra  Meek  &  Hayden. 

2.  Anomia  micranema  Meek. 

3.  Anomia  gryphorhynchus  Meek. 

4.  Yol&ella  (Brachydontcs)  rcgularis  White. 

5.  Corbiculn  occidentalis  Meek  &  Hayden. 

6.  Carbicula  (Leptesthcs)  fracta  Meek. 

7.  Corbula  subtrigonalh  Meek  &  Hayden. 

8.  Xeritina  volriUneata  White. 

9.  Mclania  tcyomingensis  Meek. 
10.  Viviparus  plicapressus  White. 

IL  Campdoma  multistriata  Meek  &  Hayden. 
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NOTES  ON  THE  LARAMTE  FOSSILS  OF  TAMPA  VALLEY. 

The  fossils  of  this  list  occupy  a  distinct  horizon  of  limited  vertical  ex- 
tent and  probably  not #  more  than  four  or  Ave  hundred  feet  below  the 
top  of  the  Laramie  Group.  The  Ostrea,  however,  appears  to  have  a 
greater  vertical  range  than  the  other  fossils  of  the  list  do,  as  I  found  a 
few  examples  of  it  in  different  places,  from  one  to  two  hundred  feet  be- 
low the  horizon  of  the  other  species.  All  the  species  appear  to  be  inti- 
mately associated  together,  except  that  the  gasteropoda  appear  to  be 
mainly  or  wholly  confined  to  a  single  layer,  but  that  layer  has  other 
layers  containing  the  other  fossils,  both  above  and  below  it. 

1.  Ostrea  glabra  Meek  &  Hayden. 

Most  of  the  specimens  of  this  species  which  were  obtained  in  Yampa 
Valley  are  comparatively  large,  massive  shells,  being  fully  adult.  They 
are  in  all  respects  like  those  which  have  been  obtained  from  the  same  hori- 
zon at  Point  of  Hocks,  something  more  than  100  miles  to  the  northwest- 
ward, and  which  were  described  by  Meek  as  0.  wyomingensis.  It  has  been 
shown  on  a  previous  page  that  in  the  Laramie  strata  of  Eastern  Colo- 
rado intermediate  fonps  are  found  associated  with  typical  forms  of  O. 
flabra  and  0.  wyomingensis  that  connect  these  two  types  unmistakably, 
therefore  retain  the  name  0.  glabra  as  having  priority  of  date,  although 
it  is  seldom  that  any  specimens  are  found  in  the  Laramie  strata  west  of 
the  Rocky  Mountains  that  closely  resemble  the  types  of  0.  glabra  which 
were  selected  for  illustration  by  Meek  and  Hayden.  This  species  is  ex- 
tremely variable,  even  for  one  of  the  genus  Osfrea,  and  there  is  much 
reason  to  believe  that  not  only  0.  glabra  Meek  &  Hayden,  0.  subtrigo- 
nalis  Evans  &  Shumard,  0.  wyomingensis  Meek,  as  already  suggested, 
but  0.  arcuatilis  Meek  and  0.  inseeura  White  also  belong  to  one  and  the 
same  species.  But  this  subject  will  be  further  referred  to  in  connection 
with  a  discussion  of  the  collections  made  in  the  valley  of  Bitter  Greek* 

2.  Anomia  micronema  Meek. 

The  specimens  of  this  species  which  were  obtained  in  Yampa  Valley 
have  a  smaller  average  size  than  those  which  were  obtained  from  the 
Laramie  strata  east  of  the  Rocky  Mountaius,  and  smaller  also  than  those 
found  at  Rock  Springs  in  the  valley  of  Bitter  Creek,  which  occur  there 
at  a  somewhat  lower  horizon  in  the  Laramie  series;  out  they  are  doubt- 
less specifically  identical  at  all  these  localities.  See  further  remarks 
under  the  head  of  notes  on  the  Laramie  fossils  of  Crow  Creek  on  a  pre- 
vious page. 

3.  Anomia  grypliorhynchvs  Meek. 

Two  or  three  examples  only  of  this  species  were  found  in  the  Yampa 
Valley.  It  is  a  rare  species  at  all  places  except  the  original  locality  in 
Bitter  (/reek  Valley.  See  further  remarks  under  the  head  of  notes  on 
the  Laramie  fossils  of  Crow  Creek  and  Bitter  Creek  Valleys. 

4.  Yolsella  (Brackydontes)  regularis  White. 

A  couple  of  fragments  only  of  this  species  were  obtained  in  Yampa 
Valley,  where  they  were  found  mingled  with  the  shells  of  Ostrea  and 
Corbicula.  The  type  specimens  were  found  in  the  valley  of  Crow  Creek, 
under  which  head  the  species  is  more  fully  noticed ;  but  it  has  been  recog- 
nized at  several  places  west  of  the  Rocky  Mountains  in  Colorado  and 
Wyoming. 

5.  Corbicula  octidentalis  Meek  &  Hayden. 

This  species  wras  originally  described  by  Meek  &  Hayden  from 
"  idith  River  Group  in  the  Upper  Missouri  River  region,  and  it  is 


kr 


who.]  LARAMIE   FOSSILS   OF  YAMPA  VALLEY.  209 

described  and  illustrated  in  vol.  ix  of  the  United  States  Geological  Sur- 
vey of  the  Territories.  It  is  quite  abundant  at  some  places  in  the  valleys 
of  the  Yanipa  and  Bitter  Creek,  in  the  upper  portion  of  the  Laramie  G  roup ; 
but  although  the  genus  is  so  well  represented  east  of  the  mountains  in  Col- 
orado, this  species  is  not  known  there.  I  have  at  present  no  doubt  of  the 
identity  of  these  Northwestern  Colorado  and  Southern  Wyoming  forms 
with  the  typical  forms  of  the  species.  There  is  a  possibility  that  this 
species  is  also  identical  with  G.  cytherifornm  Meek  &  llayden,  originally 
obtained  from  the  same  group  and  region;  but  as  the  differences  between 
the  two  forms  there,  as  represented  by  Meek,  are  repeated  in  the  valley 
of  Bitter  Creek,  as  will  be  shown  on  a  subsequent  page,  I  prefer  at  pres- 
ent to  regard  them  as  separate  species.  C.  occidentalu  is  a  somewhat 
variable  species,  and  the  shell  described  by  Mr.  Meek  in  the  An.  Rep. 
U.  S.  Geol.  and  Geog.  Surv.  Terr,  for  1872,  p.  513,  as  C.  BannisteH,  is 
no  donbt  specifically  identical  with  it.  This  view  is  confirmed  by  find- 
ing forms  that  are  not  distinguishable  from  the  type  specimen  of  the 
latter  tbrm  among  those  that  are  not  distinguishable  from  C.  occidentalism 
and  also  with  associated  forms  that  connect  the  two.  This  subject  will 
be  further  discussed  under  the  head  of  notes  on  the  Laramie  ibssils  of 
the  Bitter  Creek  Valley. 

6.  Corbicula  (Leptesthes)  fracta  Meek. 

A  few  imperfect  but  unmistakable  examples  of  this  species  were  found 
at  the  locality  in  question.  The  species  has  been  discussed  under  the 
head  of  notes  on  the  Laramie  fossils  of  Crow  Creek  Valley,  and  it  will 
be  further  noticed  in  connection  with  the  Laramie  fossils  of  Bitter  Creek 
Valley. 

7.  Corbula  subtrigonalis  Meek  &  Hay  den. 

This  is  one  of  the  most  widely  distributed  species  of  the  Laramie 
Group,  and  it  has  also  a  considerable  vertical  range.  It  was  found  as- 
sociated with  the  two  foregoing  species  in  Yainpa  Valley.  Under  the 
head  of  notes  on  the  Laramie  fossils  of  Crow  Creek  Valley,  its  charac- 
teristics, distribution,  and  synonymy  are  brielly  discussed.  It  is  known 
to  occur  at  two  separate  horizons  in  the  valley  of  Bitter  Creek,  and  will 
1*  further  discussed  in  connection  with  the  fossils  of  that  district. 

&  Xeritina  volvilineata  White. 

This  species  has  hitherto  been  found  only  west  of  the  Rocky  Moun- 
tains, the  only  other  locality  being  near  Black  Buttes  station  in  the  val- 
frv  of  Bitter  Creek,  where  the  species  was  origin  ally  discovered.  The 
horizon  at  both  localities  is  practically  the  same  and  near  the  top  of  the 
Laramie  Group.  Most  of  the  specimens  found  in  Yampa  Valley  are 
(<>usi(lerably  larger  than  the  types,  but  they  are  without  doubt  specifi- 
cally identical.  The  species  was  first  described  in  Powell's  Report  on 
the  Geology  of  the  Uinta  Mountains,  p.  131. 

&•  Melania  icyomingemis  Meek. 

A  few  imperfect  examples  oidy  of  this  species  were  obtained  in  Yampa 
\alky.  Its  horizon  here  is  practically  the  same  as  at  Black  Buttes  Sta- 
ti°&in  Bitter  Creek  Valley,  where  it  was  first  discovered,  namely,  near 
the  top  of  the  group.  Its  great  geographical  distribution  and  vertical 
range  have  already  been  referred  to,  and  will  be  still  further  discussed 
on  subsequent  pages. 

™*  Tiriparus  plicapressus  White. 

"J^is  species,  like  its  associate,  Xcritina  volvilineata,  has  vet  been  found 
^y  at  Black  Buttes  Station  in  Bitter  Creek  Valley,  and  in  the  valley 
U  os 
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cf  the  Tampa,  the  horizon  being  practically  the  same  at  both  localities. 
It  was  first  described  in  Powell's  Report  on  the  Geology  of  the  Uinta 
Mountains,  p.  133. 

11.  Campeloma  vetula  Meek  &  Ilayden. 

A  couple  of  imperfect  specimens  only  of  this  species  were  discovered 
in  the  valley  of  the  Tampa,  but  they  are  doubtless  identical  with  those 
at  Black  Buttes  Station,  which  I  have  identified  with  this  species.  It  was 
•originally  discovered  in  the  Judith  River  beds  of  the  Upper  Missouri 
River  region,  and  is  described  and  figured  in  vol.  ix  of  the  United 
States  Geological  Survey  of  the  Territories. 

As  has  before  been  stated,  with  the  exception  of  the  greater  range  of 
the  Ostrea-,  the  Laramie  fossils  found  in  the  valley  of  the  Tampa  have 
there  a  very  limited  vertical  range,  probably  not  exceeding  ten  or  fifteen 
feet.  It  was  also  stated  that  this  horizon  is  within  four  or  five  hundred 
feet  of  the  top  of  the  Laramie  Grtkip.  As  shown  by  its  fossils  and  po- 
sition it  is  plainly  equivalent  with  the  principal  fossiliferous  horizon  at 
Black  Buttes,  IlaHvillc,  and  Point  of  Rocks  Stations  iu  the  valley  of  Bit- 
ter Greek,  about  100  miles  to  the  northwestward  of  the  Tampa  Valley 
locality  ;  which  horizon  is  also  known  to  be  comparatively  near  the  top 
•of  the  Laramie  Group  in  that  region. 

With  a  view  to  learning  all  that  can  be  known  concerning  the  junction 
of  this  group  with  the  Wasatch  Group  above  it,  I  spent  two  days  in  the 
vicinity  of  the  north  side  of  Tampa  Valley,  searching  for  a  plane  of 
demarkation  between  the  two  groups,  but  wholly  without  success.  As 
a  rule,  one  is  usually  able  to  recognize  their  respective  identity  with- 
out difficulty,  by  general  litkologieal  characteristics;  and  the  fossils  of 
each,  when  found,  leave  no  doubt  as  to  which  of  the  two  groups  the 
strata  containing  them  belong.  The  differences  of  litkologieal  charac- 
ter, however,  are  so  little  anywhere  within  a  limited  vertical  range  as  to 
otter  no  suggestion  of  a  boundary  plane  between  formations  where  I 
•examined  them  in  this  region ;  and,  so  far  as  I  could  discover,  all  the 
strata-  between  those  which  contain  characteristic  Laramie  fossils  and 
those  that  contain  characteristic  Wasatch  fossils  are  strictly  conforma- 
ble. It  is  in  view  of  these  facts  that  I  reached  the  conclusion  that  what- 
ever of  catastrohpal  or  secular  changes  may  have  taken  place  elsewhere 
to  interrupt  sedimentation  and  mark  a  boundary  between  the  strata  of 
the  Laramie  and  those  of  the  Wasatch  Group  or  their  equivalents  (and 
such  are  known  to  have  taken  place),  in  this  region  at  least,  sedimenta- 
tion was  continuous  from  the  one  epoch  to  the  other.  This  fact,  if  it  be 
snch,  has  a  most  important  hearing  ui>on  the  geological  history  of  the 
JSorth  American  continent,  and  which  will  be  discussed  on  following 
J>ages. 

The  region  of  the  valleys  of  the  Tampa  and  White  Rivers  is  an  im- 
portant one  as  regards  the  development  of  the  Laramie  and  Fox  Hills 
Groups  west  of  the  Rocky  Mountains,  and  for  an  account  of  its  geologi- 
cal structure  I  refer  to  my  report  for  1S70,  together  with  maps  published 
by  this  survey,  and  to  King's  geological  ma])  of  the  Green  River  Basin, 
published  in  advance  of  his  report. 

Proceeding  down  tin*  valley  of  Tampa  River  to  the  vicinity  of  Tampa 
Mountain,  L  made  some  examinations  of  the  Fox  Hills  strata,  and  ob- 
servations concerning  their  connection  with  the  Laramie  Group.  The 
only  invertebrate  fossils  1  found  in  the  neighborhood  of  that  mountain 
were  some  fragments  of  Inovvramus  barabini  Morton,  J.  ranuxemi  Meek 
&  11  ay  den,  and  Jktvulitcs  ovatuit  Say.  They  were  found  in  the  neighbor- 
hood of  the  south  end  of  the  mountain  in  upturned  strata  of  the  Fox 
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Hills  Group,  estimated  to  be  about  twelve  hundred  feet  above  its  base. 
In  the  overlying  strata  of  the  Laramie  Group  near  by  I  found  an  abuu- 
dance  of  fragments  of  plants,  but  they  were  too  imperfect  for  specific 
identification. 

Crossing  the  axial  flexure  southeastwardly,  in  the  direction  of  White 
Eiver  Indian  Agency,  I  next  examined  the  Laramie  strata  among  the 
Danforth  Hills.    As  shown  in  my  report  for  last  year,  the  strata  of  the 
Laramie  Group  have  in  this  region  an  aggregate  thickness  of  3,500  feet; 
and  I  am  now  inclined  to  regard  its  thickness  as  above  rather  than  below 
that  estimate.    This  is  somewhat  remarkable  when  we  remember  the 
limited  thickness  of  the  group  east  of  the  Rocky  Mountains,  but  the 
thickness  of  the  western  Laramie  strata  is  nowhere  known  to  be  greater 
than  that  of  those  which  are  referred  to  the  Laramie  Group  in  Middle 
Park.    I  obtained  invertebrate  fossils  from  two  separate  horizons  of  the 
Laramie  Group  in  the  Danforth  Hills,  one  of  which  is  near  the  top,  and 
exactly  equivalent  with  the  fossiliferous  horizon  in  the  valley  of  the 
Yampa,  some  twenty  miles  to  the  northward ;  and  the  other  is  200  to 
400  feet  above  its  base ;  the  two  horizons  being  about  3,000  feet  apart. 
The  upper  horizon  I  found  exposed  in  the  gentle  synclinal  at  the  eastern 
end  of  the  Danforth  Hills,  about  twelve  miles  due  north  from  the  White 
Eiver  Indian  Agency,  ana  the  lower  one  about  four  miles  farther  west- 
ward.   The  only  species  found  at  the  upper  horizon  in  the  Danforth 
Hills  is  Ostrea  glabra^  the  species  which  is  so  abundant  at  the  same 
horizon  in  Yampa  Valley  and  elsewhere ;  but  those  of  the  lower  horizon 
are  more  numerous  and  very  instructive,  as  the  following  list  will  show : 

UST  OP   THE    LARAMTR   FOSSILS   FOUND   IN   THE   DANFORTH   HILLS, 

NORTHWESTERN  COLORADO. 

1.  Anomia  micronema  Meek. 

2.  VoUella  (Brachydontes)  rcgularis  White. 

3.  YoUella  (Brachydontes)  laticostata  White, 

4.  Xuculana  inclara  White. 

5.  Corbicula  cytheriformis  Meek  &  Hayden. 
&  Corbicula 1 

7.  Corbicula  (Leptesthes)  fracta  Meek. 

&  Corbula  undifera  Meek. 

9.  Melania  wyomingemis  Meek. 

10.  Odontobasis  f  formosa  White. 

11.  Cytherinaf 

12.  Teliost  fish-scales. 

NOTES  ON  THE  LARAMIE  FOSSILS  OF  DANFORTH  HILLS. 

L  Anomia  micronema  Meek. 

The  examples  of  this  species  are  small,  as  they  are  in  the  valley  of  the 
Tampa.  They  are  preserved  in  the  form  of  casts  in  the  compact  reddish 
shale  that  contains  all  the  fossils  of  this  locality,  and  show  the  numerous 
radiating  lines  which  characterize  the  species  very  distinctly.  The  dis- 
tinctness and  arrangement  of  these  lines  in  some  of 'the  examples  strongly 
recall  the  appearance  of  Orthis  or  Hemipronites  when  preserved  under 
similar  conditions  in  paleozoic  rocks.  The  occurrence  of  this  s])ecies 
here?  as  well  as  at  the  other  localities  already  mentioned,  shows  that  its 
-vertical  range  is  practically  through  the  whole  great  thickness  of  the 
Xoramie  Group. 
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dred  feet  below  the  bed  of  coal  there,  and  the  other  about  seven  hundred 
and  fifty  feet  below  it.  The  coal  is  embraced  within  the  strata  of  the 
Laramie  Group,  and  is  apparently  not  much  more  than  one  hundred  feet 
above  its  base,  but  no  plane  of  demarkation  between  the  two  groups 
has  yet  been  satisfactorily  recognized.  !Nos.  6,  7.  9,  and  10  of  the  fore- 
going list  were  obtained  from  the  upper  fossiliferous  horizon  on  Bear 
Creek,  and  they  are  also  all  characteristic  of  the  uppermost  strata  of 
the  Fox  Hills  Group  as  seen  in  the  valley  of  the  Cache  &  la  Poudre  and 
at  the  mouth  of  the  Saint  Yrains,  and  the  upper  Bear  Creek  horizon  is 
therefore  no  doubt  equivalent  with  those  strata.  The  species  represented 
by  the  four  foregoing  numbers  are  discussed  in  the  notes  following  the 
lists  of  fossils  collected  in  the  district  of  the  Cache  &  la  Poudre  and 
Saint  Vrains.  The  two  species  of  Nttcula  represented  by  Eos.  4  and  5 
of  the  list  were  obtained  from  near  Golden  City  by  Captain  Berthoud. 
They  also  exist  in  the  uppermost  fossiliferous  strata  of  the  Fox  Hills 
Group  in  the  valley  of  the  Cache  &  la  Poudre,  but  in  the  Upper  Missouri 
River  region  No.  5  at  least  ranges  as  low  as  the  upper  part  of  the  Fort 
Pierre  Group.  All  the  remaining  species  of  the  list  that  were  found 
in  the  Fox  Hills  strata  of  Bear  Creek  are  from  750  feet  below  the  coal. 
The  existence  and  association  of  the  Cyrena  t  liolmesi  of  Meek  (=  Mactra 
holmesi  White)  and  Scaphites  mandanensisf  at  both  the  Ralston  Creek 
and  Bear  Creek  localities  has  already  been  stated  and  commented  on. 

The  three  species  obtained  from,  the  Colorado  Group  at  Bear  Creek 
are  from  the  upper  portion,  doubtless  representing  in  part  the  Niobrara 
Group  or  Cretaceous  No.  3  of  the  Upper  Missouri  section.  The  speci- 
mens of  08trea  congesta  were  found  adhering  to  the  shells  of  Inoceramus 
deformis.  The  former  is  an  abundant  and  widely-distributed  species,  but 
the  latter  has  never,  to  my  knowledge,  l>een  found  in  the  Upper  Mis- 
souri River  region,  although  it  is  common  in  the  latitude  of  Colorado 
and  southward.  Inoceramus  problematicus,  No.  18  of  the  list,  does  not 
appear  to  range  above  the  horizon  at  which  it  is  found  in  the  valley  of 
Bear  Creek,  east  of  the  Rocky  Mountains  in  Colorado,  but  in  South- 
western Wyoming  forms  that  are  undistinguishablc  from  this  species 
are  found  in  strata  of  the  Fox  Hills  Group. 

The  discovery  by  Mr.  Lakes  of  a  fossil  shell  in  the  strata  of  the  Dakota 
Group  has  been  already  referred  to.  The  following  is  his  account  of  it 
in  a  personal  letter  to  me  under  date  of  June  21, 1878 :  u  To-day  in  ex- 
ploring some  rocks  of  the  Dakota  Group,  I  found  in  some  finely  lami- 
nated drab  shales  about  100  feet  below  the  usual  ridge  of  sandstone  which 
so  characteristically  caps  the  Dakota  hogback,  the  shell  which  I  for- 
ward to  you  by  to-day's  mail.  The  shell  was  found  in  undoubted  Dakota 
rocks,  a  little  north  of  the  river  Saint  Vrains."  This  is  quite  an  unex- 
]>ected  discovery,  and  the  specimen  is  the  first  Inoceramus  that  has,  so 
far  as  I  am  aware,  been  found  in  strata  of  the  Dakota  Group.  From 
the  above  remarks  of  Mr.  Lakes,  and  a  pencil-sketch  which  accompanied 
them,  it  seems  probable  that  the  shell  in  question  really  came  froin  the 
upper  layers  of  the  Atlantosaurian  beds  of  Professor  Marsh.  It  has 
been  much  compressed,  and  is  too  imperfect  for  specific  identification, 
and  is  perhaps  identical  with  I.  umbonatus  Meek  &  Ilayden,  a  Fort  Ren- 
ton  Group  species,  but  it  has  in  its  compressed  condition  much  the 
aspect  of  I  vamuoni  Meek  &  Ilayden,  from  the  Fort  Pierre  Group.  It 
is  of  a  decidedly  Cretaceous,  and  not  Jurassic  type,  which  fact  has  an 
interesting  relation  to  the  age  of  the  Atlantosaurian  beds  of  Professor 
Marsh,  if  the  specimen  really  came  from  them. 

The  de]>osition  of  sediment  which  formed  these  beds  seems  to  have 
been  continued  without  interruption  or  material  change  of  character  to 
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the  formation  of  those  layers  in  which  Mr.  Lakes  found  the  Inoceramus 
here  referred  to ;  and  the  Atlantosaurian  beds  seem  also  to  be  a  part  of 
a  continuous  deposition  of  sediment  from  those  of  undisputed  Jurassic 
age  beneath.  This  subject  will  be  again  referred  to  on  subsequent 
Images,  but  our  present  knowledge  is  hardly  sufficient  to  warrant  any 
conclusive  generalizations  upon  it. 

From  Ralston  Creek  I  proceeded  northward  along  the  base  of  the  foot- 
hills, by  way  of  Marshall's  coal  mines  to  the  valley  of  the  South  Boulder. 
Going  thence  eastwardly,  I  found  in  the  slope  of  the  hills  some  two 
or  three  miles  eastward  from  Marshall's  mines  at  about  50  feet  above  the 
horizon  of  the  coal  some  imperfect  specimens  of  oyster-shells.  They 
were,  however,  perfect  enough  to  allow  their  identification  with  O.  glabra 
which  I  had  found  so  abundant  at  several  localities  of  Laramie  strata, 
as  already  recorded. 

Continuing  eastward  to  the  village  of  Erie,  on  Coal  Creek,  I  found,  just 
south  of  the  village  and  of  the  coal  mines  which  are  worked  there,  some 
considerable  exposures  of  Fox  llills  strata  that  have  evidently  been 
brought  up  by  a  fault.  I  could  not  ascertain  the  extent  of  this  fault 
because  of  the  presence  of  the  abundant  debris  of  the  plains,  but  it  seems 
to  lie  a  short  one  and  to  have  its  northern  end  at  the  south  side  of  the 
village,  and  to  extend  southward  only  between  one  and  two  miles.  The 
throw  of  the  fault  is  a  slight  one  compared  with  many  of  those  which  we 
find  we«t  of  the  mountains,  as  the  fossils  indicate  a  horizon  near  the  up- 
per ]>art  of  the  Fox  Hills  Group,  and  the  layers  containing  them  are 
on  a  level  with  the  coal,  which  is  not  far  from  the  base  of  the  Laramie 
Group.  The  fault  is  thus  seen  to  involve  the  upper  strata  of  the  Fox 
Hills  Group  and  the  lower  strata  of  the  Laramie,  and  the  throw  proba- 
bly does  not  exceed  500  feet.  The  fossils  referred  to  are  in  the  forin  of 
casts  in  sandstone,  and  consist  almost  wholly  of  Veniella  humilU  Meek 
&  Hayden. 

I  traversed  in  different  directions  a  large  part  of  the  district  between 
South  Platte  and  Boulder  Rivers,  hoping  to  find  other  exposures  of  the 
fossiliferous  horizons  of  Laramie  strata,  but  without  success.  These 
examinations  ended  my  paleontological  field- work  east  of  the  mountains 
for  this  season,  and  I  returned  to  the  foot-hills  at  Boulder  City  to  prepare 
for  crossing  the  Rocky  Mountains  by  way  of  Boulder  Pass.  Many  inter- 
esting and  iin]M)rtaut  paleontological  questions  pertaining  to  this  eastern 
region  still  remain  unsettled,  the  investigation  of  which  I  hope  to  resume 
at  another  time.  I  have  also  passed  over  many  important  features  of 
structural  geology  without  comment  because  they  have  already  been  so 
fully  reported  upon  by  Dr.  Ilayden  and  the  late  Mr.  Marvine. 

The  following  brief  summary  of  the  observations  made  east  of  the 
mountains  is  presented  here  for  the  purpose  of  facilitating  the  discussion 
that  on  subsequent  pages  will  follow  the  record  of  the  field-work  for  the 
whole  season. 

Every  practicable  opportunity  was  improved  to  note  the  character  of 
the  strata  at  the  junction  of  the  well-recognized  groups  respectively, 
aud  also  to  seek  for  the  precise  point  or  plane  where  the  characteristic 
fossils  of  the  one  cease,  and  those  of  the  other  begin,  to  appear.  Also, 
as  far  as  possible,  the  vertical  range  of  each  species  collected  was 
observed  and  compared  with  the  vertical  range  of  the  same  and  asso- 
ciated species  elsewhere,  especially  with  those  from  the  typical  localities 
of  the  Upper  Missouri  River  region. 

As  to  the  limits  of  the  formations  or  groups  which  I  have  examined, 
although  each  one  as  a  whole  is  sufficiently  distinct  and  characteristic 
lithologically,  and  also  paleontologically  when  fossils  occur  in  them,  the 
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precise  boundaries  of  all  of  them,  from  the  base  of  the  Bed  Beds  to  the 
top  of  the  Monument  Creek  Group,  were  found  to  be  obscure,  even  where 
they  could  be  best  observed.  It  is  true  that  the  opportunities  for  such  ob- 
servation are  limited  by  prevailing  dibrh,  but  in  no  place  where  opportu- 
nity has  offered  have  I  been  able  to  select  any  stratum  or  any  line  or  plane 
of  deinarkation  between  any  two  strata,  and  say  with  confidence  that  it 
constitutes  the  precise  boundary  between  any  two  of  these  groups  or  for- 
mations. Besides  this,  the  horizons  which  are  indicated  by  the  pres- 
ence, or  known  vertical  limits  of  range,  of  certain  species  of  fossils  are 
all  parallel  with  the  assumed  planes  of  demarkation  between  the  groups, 
and  consequently  with  each  other.  Thus,  for  example,  a  well-character- 
ized fossiliferous  horizon  occurs  near  the  top  of  the  Fox  Hills  Group  and 
another  near  the  base  of  the  Laramie  Group,  both  being  constant 
throughout  a  large  part  of  this  region.  They  are  comparatively  near 
together,  no  distinct  plane  of  demarkation  existing  between  the  twb,  as 
before  stated,  and  yet  no  two  fossiliferous  horizons  in  any  series  more 
plainly  belong  to  different  groups.  In  the  present  state  of  our  knowledge 
edge  it  is  perhaps  too  much  to  say  positively  that  sedimentation  was  con- 
tinuous and  uninterrupted  over  the  area  that  now  constitutes  the  region  I 
have  examined,  from  the  beginning  of  the  epoch  of  the  Bed  Beds  to  theclose 
of  the  Laramie  period,  and,  perhaps,  also,  to  the  close  of  the  Monument 
Creek  epoch,  but  such  now  seems  to  have  been  the  case.  That  oscilla- 
tions of  land-level  took  place  within  that  time,  which  shifted  the  eastern, 
and  doubtless  other  shore-lines  of  then  existing  seas,  is  certain,  as  will 
be  hereafter  shown,  but  such  oscillations  do  not  seem  to  have  interrupted 
or  materially  affected  the  continuity  of  sedimentation  in  the  area  that  now 
constitutes  the  portion  of  Colorado  which  lies  east  of  the  Bocky  Mountains, 
important  physical  changes  of  course  took  place  elsewhere,  which  had 
their  effect  in  producing  the  changes  of  the  faunae  of  the  passing  epochs 
which  are  represented  by  the  groups  in  question,  and  in  defining  those 
epochs  themselves,  but  that  subject  will  be  briefly  discussed  on  following 
pages.  The  observations  which  I  made  there  indicate  that  all  the  move- 
ments which  resulted  in  the  elevation  of  the  ltocky  Mountain  range 
certainly  took  place  after  the  close  of  the  Laramie  period,  and  at  least  in 
large  part  after  the  close  of  the  epoch  of  the  Monument  Creek  Group.* 
The  faults  and  trap  outflows,  however,  that  have  just  been  noticed,  took 
place  at  a  much  later  epoch,  probably  as  late  as  the  Pliocene  Tertiary, 
and  were  probably  contemporaneous  with  a  large  part  of  those  that  are 
found  on  the  west  side  of  the  Rocky  Mountains. 

Before  taking  leave  of  the  east  side  it  is  proper  to  refer  to  certain  drift 
phenomena  which  I  observed  along  the  eastern  base  of  the  mountains, 
because  I  shall  also  have  occasion  to  refer  to  this  subject  briefly  when 
treating  of  regions  farther  westward. 

Near  the  base  of  the  mountains,  and  sometimes  reaching  several  miles 
out  upon  the  plains,  are  beds  of  drift,  composed  of  gravel,  usually  coarse, 
and  small  bowlders.    Almost  without  exception,  this  material  is  com- 

*  As  to  whether  the  Monument  Creek  Gronp  is  really  conformable  upon  the  Laramie, 
I  can  only  say  that  it  appeared  to  be  so  where  I  examined  it.  It  is  probably  a  consid- 
erably later  deposit  than  the  Laramie. 

There  is,  as  reported  by  the  late  Mr.  Marvinc,  a  limited  unconformity  of  the  Laramie 
strata  upon  those  of  the  Fox  Hills  Group  in  Middle  Park ;  but  that  is  believed  to  have 
been  caused  by  comparatively  slight  movements  that  took  pla<;e  previous  to  those  of 
the  Kocky  Mountain  uplift  proper.  Very  extensive  displacements,  however,  are 
known  to  have  taken  place  at  or  near  the  close  of  the  Laramie  period  in  the  region 
that  now  constitutes  the  western  portion  of  Green  River  Basin,  as  will  be  shown  on 
following  pages;  but  even  those  movements  are  believed  not  to  have  interrupted  con- 
tinuous sedimentation  in  comparatively  large  areas. 
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posed  of  fragments  of  granitic  and  metainorpkic  rocks  like  those  com- 
posing the  immediately  adjacent  mountains.  These  Weds  have  been 
much  removed  by  later  erosion,  the  approximately  level  portion,  not 
eroded,  being  from  200  to  300  feet  above  the  neighboring  streams. 
Sometimes  they  break  oif  by  terrace  slopes  that  are  apparently  not 
caused  by  erosion.  The  higher  surfaces  of  the  deposit  have  a  slight  uni- 
form slope  toward  the  plains.  It  is  difficult  to  estimate  the  thickness  of 
tbe  deposit  even  approximately,  and  it  is  also  difficult  to  ascertain 
whether  the  stratified  rocks  upon  winch  it  was  deposited  were  first  lev- 
eled oil"  to  receive  the  deposit,  or  whether  the  leveling  was  only  of  its 
own  upper  surface.  Its  appearance  suggests  that  it  may  have  been  de- 
posited by  a  formerly  existing  ice-sheet  moving  off  from  the  immediately 
adjacent  mountains,  but  there  are  some  facts  connected  with  it  that  are 
difficult  to  explain  in  connection  with  that  suggestion.  High  hogbacks 
of  Mcsozoic  rocks  stand  between  those  nearly  level  reaches  of  drift  and 
the  granite  rocks  that  furnished  the  material  of  which  it  is  composed. 
If  the  surface  of  the  drift  was  really  leveled  off  by  an  outwardly  moving 
ice-sheet,  it  is  difficult  to  understand  why  the  hogbacks  were  not  also 
reduced  to  the  same  plane.  But  they  stand  there,  immediately  adjacent, 
several  hundred  feet  above  the  surface  of  the  drift,  and  also  above  many 
of  the  adjacent  granite  foot-hills,  and,  so  far  as  I  could  discover,  they 
show  no  signs  of  former  glacial  action  upon  them. 

Again,  the  source  of  the  material  of  which  the  drift  is  composed  is 
only  from  two  to  ten  miles  away,  and  yet  its  gravel  and  bowlders  are  as 
perfect  and  smoothly  rounded  a*s  the  water- worn  pebbles  of  a  sea-shore. 
They  evidently  have  a  history  beyond  that  of  mere  detachment  from 
their  original  ledges  and  a  few  miles  of  glacial  transportation.  But  this 
subject  will  lie  again  referred  to  on  subsequent  pages,  though  perhaps 
not  elucidated. 

Passing  through  the  foot-hills  near  Boulder  City,  consisting  mainly  of 
tin*  great  hogbacks  of  the  Bed  Beds  and  Dakota  Group,  we  left  all  the 
sedimentary  rocks  of  the  east  side  and  traveled  upon  the  great  granite 
nucleus  of  the  Bocky  Mountains  until  we  had  crossed  the  Front,  or  prin- 
cipal range.  Crossing  this  by  way  of  Boulder  Pass,  we  reached  the 
large,  elevated  intra-mountain  region  known  as  Middle  Park.  Our 
journey  led  us  into  the  park  by  way  of  the  headwaters  of  Prazier  River, 
where  we  came  upon  the  lirst  stratified  rocks  after  leaving  the  east  side, 
which  were  the  "  Lake  Beds"  of  Dr.  Ilayden's  reports. 

The  geological  structure  of  the  park  having  been  so  ably  reported 
upon  by  tin?  late  Mr.  Marvinc,  my  attention  was  more  especially  directed 
to  the  characteristics  of  the  Laramie  strata  and  the  Lake  Beds,  with  the 
lioj>e  of  learning  something  of  their  paleontological  history.  The  latter 
deposit  is  very  extensively  developed  in  the  park  and  occupies  a  large 
part  of  its  surface.  It  rests  unconformably  upon  all  the  other  rocks, 
from  the  granite  to  the  Laramie  strata  inclusive. 

The  strata  (for  it  is  distinctly  stratiiied)  generally  presents  a  nearly 
level  aspect,  but  the  original  upper  surface  of  the  deposit  has  been 
everywhere  removed  by  erosion ;  so  that  of  an  original  thickness  of  a 
thousand  feet  or  more,  scarcely  more  than  one-third  of  that  tlriekness  is 
now  found  at  any  one  ]K>int.  While  the  strata  of  this  deposit  have  no- 
where been  so  much  displaced  as  all  the  other  stratified  rocks  of  the 
park  liave  been,  they  have,  however,  been  in  many  places  tilted  at  angles 
varying  from  one  to  fifteen  degrees.  This  deposit  was  carefully  searched 
for  VoSsils  at  all  the  points  which  I  visited,  but  without  success  except  at 
one  point  on  Kauch  Creek,  a  tributary  of  Prazier  Kiver.  Here  1  found 
two  imperfect  specimens  of  a  species  apparently  belonging  to  the  genus 
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folly  double  that  of  those  in  the  plains  at  the  eastern  base  of  the  Front 
Range,  but  not  greater  than  that  at  the  western  base  of  the  Park  Range. 
The  Middle  Park  strata  contain  no  fossils  that  are  certainly  identical 
in  species  with  any  of  the  numerous  forms  found  on  each  side  of  that 
region  at  the  eastern  and  western  bases,  respectively,  of  the  Rocky 
Mountains ;  and  they  contain,  so  far  as  known,  only  those  imperfectly 
known  species  before  referred  to  that  are  possibly  identical  with  forms 
in  the  Fort  Union  beds  of  the  Upper  Missouri. 

So  far  as  I  am  aware,  no  coal  has  been  found  in  the  Laramie  beds  of 
Middle  Park,  while  it  is  more  or  less  abundant  in  all  the  other  known 
regions  of  that  group. 

In  connection  with  this  latter  fact  it  may  be  mentioned  that  Mr.  Mar- 
vine  found  a  bed  of  coal"  in  the  Fox  Hills  strata  of  Middle  Park,  and  it 
is  well  known  to  exist  in  strata  of  that  age  west  of  the  mountains, 
but  none  has  ever  been  found  in  strata  of  the  same  age  east  of  the 
mountains  in  Colorado,  so  far  as  I  am  aware. 

Leaving  Middle  Park  I  crossed  the  Park  Range  to  the  headwaters  of 
Yampa  River,  by  way  of  Egeria  Park. 

Owing  to  want  of  time,  comparatively  little  was  done  in  the  examina- 
tion of  the  Cretaceous  Groups  of  Middle  Park,  except  to  identify  them 
as  unmistakably  equivalent  with  the  groups  of  that  period  as  recognized 
elsewhere  in  Colorado,  both  east  and  west  of  the  Rocky  Mountains.  In 
my  generalizations,  I  shall  therefore  make  use  of  the  observations  that 
have  been  made  by  Hayden,  Powell,  and  Marvine  in  this  district.  I 
found  limited  exposures  of  these' groups  in  connection  with  the  Laramie 
Group  in  the  vicinity  of  Hot  Sulphur  Springs  in  the  middle  portion  of  the 
park,  and,  also  farther  westward.  Passing  down  the  valley  of  Grand 
River,  only  the  Lake  Beds  were  observed  within  immediate  view  from  my 
line  of  travel,  until  we  reached  the  valley  of  Muddy 'River,  a  northern 
tributary  of  the  Grand,  that  has  its  course  along  the  western  portion  of 
the  park.  Here  the  strata  of  the  three  Cretaceous  Groups  are  exposed 
along  the  valley  of  the  Muddy  and  also  flanking  the  neighboring  eastern 
baste  of  the  granite  nucleus  of  the  Park  Range,  the  Red  Reds  only  inter- 
vening. Crossing  their  outcrops,  I  passed  over  the  Park  Range  into 
Egeria  Park,  where  I  found,  at  the  western  base  of  the  range,  as  at  its 
eastern  base,  the  Red  Beds  resting  upon  the  granite,  and  these  in  turn 
overlaid  by  the  Dakota  and  Colorado  Groups. 

The  strata  of  the  latter  groups  occupy  nearly  the  whole  of  Egeria 
Park  as  well  as  an  adjacent  part  of  the  valley  of  the  Yampa,  but  they 
are  here  and  there  capped  with  basalt,  consisting  of  shreds  of  the  great 
sheet  that  once  doubtless  covered  the  whole  region  of  the  headwaters  of 
the  Yampa  and  White  Rivers.  The  strata  of  the  Colorado  Group  iu 
the  park  and  adjacent  neighborhood  consist  largely  of  light-colored 
sandstones,  often  only  slightly  compacted.  In  some  parts,  however,  the 
group  here  consists  of  the  characteristic  bluish  sandy  shales. 

After  passing  a  few  miles  down  the  valley  of  the  Yampa,  we  crossed 
over  in  a  northwesterly  direction,  to  Terrible  and  Sage  Creeks.  In  the 
valley  of  the  last-named  creek,  near  the  crossing  of  the  wagon  road,  I 
found  an  exposure  of  Cretaceous  strata.  Judging  from  their  lithological 
aspect  1  was  at  first  disposed  to  regard  them  as  belonging  to  the  Colo- 
rado Group,  but  the  position  of  the  outcrop,  not  more  than  200  feet  be- 
neath the  base  of  the  Laramie  Group,  the  strata  of  which  are  seen  in 
the  adjacent  hills,  forbade  such  a  reference.  The  exposure  consists  of 
about  thirty  feet  in  thickness  of  light-bluish,  grayish,  and  dark  carbon- 
aceous shales,  with  occasional  compact  concretions  of  calcareous  and 
argillaceous  rock.  In  these  concretions  I  obtained  the  fossils  of  the  fol- 
lowing list,  most  of  which  are  of  well-known  species. 
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LIST  OF  CRETACEOUS  FOSSILS  COLLECTED  ON  SAGE  CREEK,  AN  UPPER 

TRIBUTARY  OF  YAMPA  RIVER,  COLORADO. 

1.  CaryopJiyllia  cgeria  White. 

2.  Lingula  nitida  Meek  &  Hayden. 

3.  Pteria  Ungitiformis  Evans  &  Shnmard. 

4.  Inoccramus  barabini  Morton. 

5.  Inoceram*is  perienuis  Meek  &  Hayden  f 

6.  Xucula  planimarginata  Meek  &  Hayden. 

7.  Thetis  t  circulars  Meek  &  Hayden. 

8.  Teredo 1  (borings  in  fossil  wood). 

9.  Anisomyon  centrale  Meek. 

10.  Baculites  ovatus  Say. 

11.  Scaphites  nodosw  Owen. 

NOTES  ON  THE  CRETACEOUS  FOSSILS  OF  SAGE  CREEK. 

The  fossils  of  this  list,  unless  otherwise  stated,  are  described  and  fig- 
ured in  vol.  ix,  United  States  Geological  Survey  of  the  Territories. 

1.  Caryophyllia  cgeria  White. 

This  species  was  newly  discovered  with  the  fossils  of  the  foregoing 
list,  and  is  described  and  figured  in  another  part  of  this  volume,  to- 
gether with  the  only  other  known  species  of  this  genus  that  has  yet  been 
discovered  in  American  Cretaceous  strata.  The  latter  was  discovered 
by  Professor  St.  John,  in  strata  of  the  Fox  Hills  Group,  at  Cimarron,  iST. 
Mex.,  and  in  similar  argillaceous  strata.  This  circumstance  seems  to 
be  worthy  of  note,  in  view  of  the  fact  that  the  usual  habitat  of  living 
corals  is  in  the  purest  waters ;  and  the  comparatively  pure  calcareous 
strata  that  inclose  most  fossil  corals  indicate  that  similar  conditions  have 
always  been  essential  to  their  abundant  growth.  Coming,  as  this  species 
does,  from  near  the  top  of  the  series  of  Fox  Hills  strata,  it  adds  to  other 
evidence  that  true  marine  conditions  were  continued  up  to  the  close  of 
that  epoch. 

2.  Lingula  nitida  Meek  &  Hayden. 

A  single  example  only  of  this  species  was  found.  Only  one  other 
species  of  the  genus  has  been  recognized  in  the  Cretaceous  rocks  of  the 
West,  both  having  been  first  discovered  in  the  Upper  Missouri  Eiver 
region,  and  both  are  rare,  but  widely  distributed. 

3.  Pteria  linguiformte  Evans  &  Shumard. 

On  a  previous  page  of  this  report,  this  species  has  been  noticed  at 
some  length.  It  is  widely  distributed,  and  ranges  through  both  the 
Fort  Pierre  and  Fox  Hills  Groups,  in  the  Upper  Missouri  Eiver  region. 

4.  Inoceramus  barabini  Morton. 

Scarcely  any  Cretaceous  species  has  a  wider  range  in  Western  North 
America  than  this.  Its  vertical  range  is  also  through  the  Fort  Pierre 
and  Fox  Hills  Groups  of  the  Upper  Missouri  Eiver  region,  and  Mr. 
Meek  has  described  a  variety  of  it  from  the  uppermost  strata  of  the  Fox 
Hills  Group,  at  the  mouth  of  Judith  Eiver. 

5.  Inoceramus  pcrtenuis  Meek  &  Hayden. 

A  couple  of  imperfect  examples  of  Inoceramus  were  found  among  the 
other  fossils  that  seem  to  belong  to  this  species,  although  it  is  possible 
they  may  belong  to  the  J.  vanuxemi  of  Meek  &  Hayden.  The  last-named 
8pecies  has  been  found  only  in  the  Fort  Pierre  Grou p  of  the  Upper  Mis- 


206      EEPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

souri  River  region,  and  it  also  ranges  low  in  the  strata  of  the  Fox  Hills 
Group  of  Eastern  Colorado.  In  view  of  the  high  position  of  these  fossils, 
it  seems  probable  that  the  examples  in  question  belong  rather  to  I.  per- 
tenuis  than  to  I.  vanuxemi. 

6.  Nucula  planimarginata  Meek  &  Hayden. 

Several  examples  of  this  species  were  found  here,  all  imperfect,  but 
all  showing  characteristic  features.  It  is  always  found  to  range  high  in 
the  Fox  Hills  strata  of  Colorado. 

7.  Thetis  t  circulars  Meek  &  Hayden. 

Two  or  three  imperfect  examples  were  found;  which  seem,  from  their 
external  characteristics,  to  belong  to  this  species,  although  they  arc  all 
smaller  than  the  type  specimens.  The  latter  also  have  been  found  only 
in  the  Fort  Pierre  Group  of  the  Upper  Missouri  River  regiou,  wliile 
those  in  question  hold  a  much  higher  position. 

8.  Teredo 1 

These  examples  consist  only  of  some  borings  in  pieces  of  fossil  wood 
which  have  become  filled  with  stony  material ;  but  they  seem  without 
doubt  to  have  been  made  by  a  species  of  Teredo  or  an  allied  niollusk. 

9.  Anisomyon  centrals  Meek. 

A  single  example  only  of  Anisomyon  was  found  with  the  other  fossils 
of  this  collection.  It  doubtless  belongs  to  this  species,  although  it  shows 
a  greater  than  the  usual  number  of  the  irregular  radiating  grooves 
which  characterize  most  of  these  forms.  Figures  of  Meek's  types  of  this 
species  are  given  in  another  part  of  this  volume. 

10.  Baculites  ovatus  Say. 

In  the  notes  upon  this  species  on  a  previous  page  it  was  stated  that 
its  vertical  range  was  not  known  to  extend,  either  in  the  upper  Mis- 
souri Kiver  region  or  in  Eastern  Colorado,  to  the  uppermost  strata  of  the 
Fox  Hills  Group.  At  the  locality  in  question,  however,  as  well  as  at 
another  locality  also  west  of  the  mountains,  in  the  valley  of  White  Kiver, 
presently  to  be  mentioned,  it  ranges  not  only  into  the  uppermost  strata 
of  Jjhc  Fox  Hills  Group,  but  it  is  there  associated  with  species  that 
specially  characterize  the  uppermost  strata  of  that  group  elsewhere. 

!£.  Bcaphites  nodosus  Owen. 

Stair  or  five  examples  of  this  species  were  obtained  at  the  locality  here 
discussed,  one  of  which  possesses  all  the  cbaraeteristics  of  the  variety  to 
which  Mr.  Meek  gave  the  name  of  plenm.  The  others  are  by  natural 
growth  so  much  compressed  laterally  that  they  might  be  readily  mis- 
taken for  a  separate  species.  They  appear,  however,  to  possess  the  es- 
sential characteristics  of  the  form  to  which  Mr.  Meek  gave  the  varietal 
name  of  quadrangularis,  except  that  they  want  the  flattened  periphery, 
bordered  by  numerous  small  nodes,  which  characterizes  his  type  of  that 
variety. 

While  discussing  the  fossils  of  the  Fox  Hills  Group,  which  were  col- 
lected east  of  the  mountains  in  Colorado,  it  was  shown  that  certain  of 
the  species  characterize  certain  horizons  in  the  great  group.  For  ex- 
ample, certain  species  that  are  found  only  in  the  Fort  Pierre  Group  of 
the  Upper  Missouri  Eiver  region,  are  found  only  at  a  correspondingly 
low  horizon  in  the  consolidated  Fox  Hills  Group  as  it  is  developed  in 
Eastern  Colorado.  Also,  that  the  species  which  characterize  the  upper- 
most Fox  Hills  strata  in  one  of  those  regions  are,  as  a  rule,  equally 
characteristic  of  corresponding  strata  in  the  other.    While  these  facts 
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described  and  illustrated  in  vol.  ix  of  the  United  States  Geological  Sur- 
vey of  the  Territories.  It  is  quite  abundant  at  some  places  in  the  valleys 
of  the  Yampa  and  Bitter  Creek,  in  the  upper  portion  of  the  Laramie  Group ; 
but  although  the  genus  is  so  well  represented  east  of  the  mountains  in  Col- 
orado, this  species  is  not  known  there.  I  have  at  present  no  doubt  of  the 
identity  of  these  Northwestern  Colorado  and  Southern  Wyoming  forms 
with  the  typical  forms  of  the  species.  There  is  a  possibility  that  this 
species  is  also  identical  with  0.  cytheriformis  Meek  &  Haydcn,  originally 
obtained  from  the  same  group  and  region ;  but  as  the  differences  between 
the  two  forms  there,  as  represented  by  Meek,  are  repeated  in  the  valley 
of  Bitter  Creek,  as  will  be  shown  on  a  subsequent  page,  I  prefer  at  pres- 
ent to  regard  them  as  separate  species.  C.  occidentalis  is  a  somewhat 
variable  species,  and  the  shell  described  by  Mr.  Meek  in  the  An.  Eep. 
U.  8.  Geol.  and  Geog.  Surv.  Terr,  for  1872,  p.  513,  as  C.  Bannisteriy  is 
no  doubt  specifically  identical  with  it.  This  view  is  confirmed  by  find- 
ing forms  that  are  not  distinguishable  from  the  type  specimen  of  the 
latter  form  among  those  that  are  not  distinguishable  from  C.  occidentalis, 
and  also  with  associated  forms  that  connect  the  two.  This  subject  will 
be  further  discussed  under  the  head  of  notes  on  the  Laramie  fossils  of 
the  Bitter  Creek  Valley. 

6.  Corbictda  (Leptc8the8)fracta  Meek. 

A  few  imperfect  but  unmistakable  examples  of  this  species  were  found 
at  the  locality  in  question.  The  species  has  been  discussed  under  the 
head  of  notes  on  the  Laramie  fossils  of  Crow  Creek  Valley,  and  it  will 
be  further  noticed  in  connection  with  the  Laramie  fossils  of  Bitter  Creek 
Valley. 

7.  Corbula  subtriganalw  Meek  &  Ilayden. 

This  is  one  of  the  most  widely  distributed  species  of  the  Laramie 
Group,  and  it  has  also  a  considerable  vertical  range.  It  was  found  as- 
sociated with  the  two  foregoing  species  in  Yampa  Valley.  Under  the 
head  of  notes  on  the  Laramie  fossils  of  Crow  Creek  Valley,  its  charac- 
teristics, distribution,  and  synonymy  are  briefly  discussed.  It  is  known 
to  occur  at  two  separate  horizons  in  the  valley  of  Bitter  Creek,  and  will 
be  further  discussed  in  connection  with  the  fossils  of  that  district. 

8.  Xeritina  volvilineata  White. 

This  species  has  hitherto  been  found  only  west  of  the  Rocky  Moun- 
tains, the  only  other  locality  being  near  Black  Buttes  station  in  the  val- 
ley of  Bitter  Creek,  where  the  species  was  originally  discovered.  The 
horizon  at  both  localities  is  practically  the  same  and  near  the  top  of  the 
Laramie  Group.  Most  of  the  specimens  found  iu  Yampa  Valley  are 
considerably  larger  than  the  types,  but  they  are  without  doubt  specifi- 
cally identical.  The  species  was  first  described  in  Powell's  lieport  on 
the  Geology  of  the  Uinta  Mountains,  p.  131. 

I).  ATelania  wyomingeims  Meek. 

A  few  imperfect  examples  only  of  this  species  were  obtained  in  Yampa 
Valley. '  Its  horizon  here  is  practically  the  same  as  at  Black  Buttes  Sta- 
tion in  Bitter  Creek  Valley,  where  it  was  first  discovered,  namely,  near 
the  top  of  the  group.  Its  great  geographical  distribution  and  vertical 
runge  have  already  been  referred  to,  and  will  be  still  further  discussed 
on  subsequent  pages. 

10.  Yiriparus  plicapre88us  White. 

This  species,  like  its  associate,  Xcritina  volvilineato,  has  yet  been  found 
only  at  Black  Buttes  Station  in  Bitter  Creek  Valley,  and  in  the  valley 

14  GS 
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NOTES  ON  THE  LARAMTK  FOSSILS  OF  YAMPA  VALLEY. 

The  fossils  of  this  list  occupy  a  distinct  horizon  of  limited  vertical  ex- 
tent and  probably  not  #more  than  four  or  five  hundred  feet  below  the 
top  of  the  Laramie  Group.  The  Ostrea,  however,  appears  to  have  a 
greater  vertical  range  than  the  other  fossils  of  the  list  do,  as  I  found  a 
few  examples  of  it  in  different  places,  from  one  to  two  hundred  feet  be- 
low the  horizon  of  the  other  species.  All  the  species  appear  to  be  inti- 
mately associated  together,  except  that  the  gasteropoda  appear  to  be 
mainly  or  wholly  confined  to  a  single  layer,  but  that  layer  has  other 
layers  containing  the  other  fossils,  both  above  and  below  it. 

1.  Ostrea  glabra  Meek  &  Hayden. 

Most  of  the  specimens  of  this  species  which  were  obtained  in  Tampa 
Valley  are  comparatively  large,  massive  shells,  being  fully  adult.  They 
are  in  all  respects  like  those  which  have  been  obtained  from  the  same  hori- 
zon at  Point  of  Rocks,  something  more  than  100  miles  to  the  northwest- 
ward, and  which  were  described  by  Meek  as  0.  icyomingemis.  It  has  been 
shown  on  a  previous  page  that  in  the  Laramie  strata  of  Eastern  Colo- 
rado intermediate  fonps  are  found  associated  with  typical  forms  of  0. 
flabra  and  0.  wyomingensk  that  connect  these  two  types  unmistakably, 
therefore  retain  the  name  0.  glabra  as  having  priority  of  date,  although 
it  is  seldom  that  any  specimens  are  found  in  the  Laramie  strata  west  of 
the  Rocky  Mountains  that  closely  resemble  the  types  of  0.  glabra  which 
were  selected  for  illustration  by  Meek  and  Hayden.  This  species  is  ex- 
tremely variable,  even  for  one  of  the  genus  Ostrea,  and  there  is  much 
reason  to  believe  that  not  only  0.  glabra  Meek  &  Hayden,  0.  subtrigo- 
nalis  Evans  &  Shumard,  0.  wyamingemis  Meek,  as  already  suggested, 
but  0.  arcuatilis  Meek  and  0.  insecura  White  also  belong  to  one  and  the 
same  species.  But  this  subject  will  be  further  referred  to  in  connection 
with  a  discussion  of  the  collections  made  in  the  valley  of  Bitter  Greek. 

2.  Anornia  micronema  Meek. 

The  specimens  of  this  species  which  were  obtained  in  Tampa  Valley 
have  a  smaller  average  size  than  those  which  were  obtained  from  the 
Laramie  strata  east  of  the  Rocky  Mountains,  and  smaller  also  than  those 
found  at  Rock  Springs  in  the  valley  of  Bitter  Creek,  which  occur  there 
at  a  somewhat  lower  horizon  in  the  Laramie  series;  but  they  are  doubt- 
less specifically  identical  at  all  these  localities.  See  further  remarks 
under  the  head  of  notes  on  the  Laramie  fossils  of  Crow  Creek  on  a  pre- 
vious page. 

3.  Aiwmia  gryphorhynchw  Meek. 

Two  or  three  examines  only  of  this  species  were  found  in  the  Yampa 
Valley.  It  is  a  rare  species  at  all  places  except  the  original  locality  in 
Bitter  Creek  Valley.  See  further  remarks  under  the  head  of  notes  on 
the  Laramie  fossils  of  Crow  Creek  and  Bitter  Creek  Valleys. 

4.  VoUella  (Brachydontes)  regularis  White. 

A  couple  of  fragments  only  of  this  species  were  obtained  in  Yampa 
Valley,  when*  they  were  fouud  miugled  with  the  shells  of  Ostrea  and 
Corbicula.  The  type  specimens  were  found  in  the  valley  of  Crow  Creek, 
under  which  head  the  species  is  more  fully  noticed;  but  it  has  been  recog- 
nized at  several  places  west  of  the  Rocky  Mountains  in  Colorado  and 
Wyoming. 

5.  Corbicula  oceidentalis  Meek  &  Hayden. 

This  species  was  originally  described  by  Meek  &  Hayden  from  the 
Judith  River  Group  in  the  Upper  Missouri  River  region,  and  it  is  also 
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Hills  Group,  estimated  to  be  about  twelve  hundred  feet  above  its  base. 
In  the  overlying  strata  of  the  Laramie  Group  near  by  I  found  an  abun- 
dance of  fragments  of  plants,  but  they  were  too  imperfect  for  specific 
identification. 

Grossing  the  axial  flexure  southeastwardly,  in  the  direction  of  White 
River  Indian  Agency,  I  next  examined  the  Laramie  strata  among  the 
Danforth  Hills.  As  shown  in  my  report  for  last  year,  the  strata  of  the 
Laramie  Group  have  in  this  region  an  aggregate  thickness  of  3,500  feet; 
and  I  am  now  inclined  to  regard  its  thickness  as  above  rather  than  below 
that  estimate.  This  is  somewhat  remarkable  when  we  remember  the 
limited  thickness  of  the  group  east  of  the  Rocky  Mountains,  but  the 
thickness  of  the  western  Laramie  strata  is  nowhere  known  to  be  greater 
than  that  of  those  which  are  referred  to  the  Laramie  Group  in  Middle 
Park.  I  obtained  invertebrate  fossils  from  two  separate  horizons  of  the 
Laramie  Group  in  the  Danforth  Kills,  one  of  which  is  near  the  top,  and 
exactly  equivalent  with  the  fossiliferous  horizon  in  the  valley  of  the 
Tampa,  some  twenty  miles  to  the  northward ;  and  the  other  is  200  to 
400  feet  above  its  base ;  the  two  horizons  being  about  3,000  feet  apart. 
The  upper  horizon  I  found  exposed  in  the  gentle  synclinal  at  the  eastern 
end  of  the  Danforth  Hills,  about  twelve  miles  due  north  froin  the  White 
River  Indian  Agency,  and  the  lower  one  about  four  miles  farther  west- 
ward. The  only  species  found  at  the  upper  horizon  in  the  Danforth 
Hills  is  Ostrea  glabra,  the  species  which  is  so  abundant  at  the  same 
horizon  in  Yampa  Valley  and  elsewhere  j  but  those  of  the  lower  horizon 
are  more  numerous  and  very  instructive,  as  the  following  list  will  show : 

LIST    OP    THE    LARAMIE   FOSSILS   FOUND   IN   THE   DANFORTH   HILLS, 

NORTHWESTERN  COLORADO. 

1.  Anomia  micronema  Meek. 

2.  Volsella  (Brachyd&ntts)  regularis  White. 

3.  Volsella  (Brachydontes)  laticostata  White. 

4.  Nuculana  inclara  White. 

5.  Corbicula  cytheriformis  Meek  &  Ilayden. 
0.  Corbicula ? 

7.  Corbicula  (Leptesthes)  fracta  Meek. 

8.  Corbula  undifera  Meek. 

0.  Melanin  wy&mingensis  Meek. 
10.  Odontobasis  f  formosa  White. 
1L  Cytherinat 
12.  Teliost  fish-scales. 

NOTES  ON  THE  LARAMIE  FOSSILS  OF  DANFORTH  HILLS. 

L  Anomia  micronema  Meek. 

The  examples  of  this  species  are  small,  as  they  are  in  the  valley  of  the 
Yampa.  They  are  preserved  in  the  form  of  casts  in  the  compact  reddish 
shale  that  contains  all  the  fossils  of  this  locality,  and  show  the  numerous 
radiating  lines  which  characterize  the  species  very  distinctly.  The  dis- 
tinctness and  arrangement  of  these  lines  in  some  of  the  examples  strongly 
recall  the  appearance  of  Orthis  or  Hemipronites  when  preserved  under 
similar  conditions  in  paleozoic  rocks.  The  occurrence  of  this  species 
.  herej  as  well  as  at  the  other  localities  already  mentioned,  shows  that  its 
vertical  range  is  practically  through  the  whole  great  thickness  of  the 
Laramie  Group. 
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of  the  Tampa,  the  horizon  being  practically  the  same  at  both  localities. 
It  was  first  described  in  Powell's  Keport  on  the  Geology  of  the  Uinta 
Mountains,  p.  133. 

11.  Campeloma  vetula  Meek  &  Hayden. 

A  couple  of  imperfect  specimens  only  of  this  species  were  discovered 
in  the  valley  of  the  Tampa,  but  they  are  doubtless  identical  with  those 
at  Black  Buttes  Station,  wliich  I  have  identified  with  this  species.  It  was 
originally  discovered  in  the  Judith  River  beds  of  the  Upper  Missouri 
Kiver  region,  and  is  described  and  figured  in  vol.  ix  of  the  United 
States  Geological  Survey  of  the  Territories. 

As  has  before  been  stated,  with  the  exception  of  the  greater  range  of 
the  Ostrea,  the  Laramie  fossils  found  in  the  valley  of  the  Tampa  have 
there  a  very  limited  vertical  range,  probably  not  exceeding  ten  or  fifteen 
feet.  It  wras  also  stated  that  this  horizon  is  within  four  or  five  hundred 
feet  of  the  top  of  the  Laramie  Gifmp.  As  shown  by  its  fossils  and  po- 
sition it  is  plainly  equivalent  with  the  principal  fossiliferous  horizon  at 
Black  Buttes,  Ilallville,  and  Point  of  Koeks  Stations  in  the  valley  of  Bit- 
ter Creek,  about  100  miles  to  the  northwestward  of  the  Tampa  Valley 
locality ;  which  horizon  is  also  known  to  be  comparatively  near  the  top 
of  the  Laramie  Group  in  that  region. 

With  a  view  to  learning  all  that  can  be  known  concerning  the  junction 
of  this  group  with  the  Wasatch  Group  above  it,  I  spent  two  days  in  the 
vicinity  of  the  north  side  of  Tainpa  Valley,  searching  for  a  plane  of 
demarcation  between  the  two  groups,  but  wholly  without  success.  As 
a  rule,  one  is  usually  able  to  recognize  their  respective  identity  with- 
out difficulty,  by  general  lithological  characteristics :  and  the  fossils  of 
each,  when  found,  leave  no  doubt  as  to  wliich  of  the  two  groups  the 
strata  containing  them  belong.  The  differences  of  lithological  charac- 
ter, however,  are  so  little  anywhere  within  a  limited  vertical  range  as  to 
offer  no  suggestion  of  a  boundary  plane  between  formations  where  I 
•examined  them  in  this  region ;  and,  so  far  as  1  could  discover,  all  the 
strata  between  those  which  contain  characteristic  Laramie  fossils  and 
those  that  contain  characteristic  Wasatch  fossils  are  strictly  conforma- 
ble. It  is  in  view  of  these  facts  that  I  reached  the  conclusion  that  what- 
ever of  catastrohpal  or  secular  changes  may  have  taken  place  elsewhere 
to  interrupt  sedimentation  and  mark  a  boundary  between  the  strata  of 
the  Laramie  and  those  of  the  Wasatch  Group  or  their  equivalents  (and 
such  are  known  to  have  taken  place),  in  this  region  at  least,  sedimenta- 
tion was  continuous  from  the  one  epoch  to  the  other.  This  fact,  if  it  be 
such,  has  a  most  important  bearing  upon  the  geological  liistory  of  the 
Uorth  American  continent,  and  wliich  will  be  discussed  on  following 

jwiges. 

The  region  of  the  valleys  of  the  Tampa  and  White  Kivers  is  an  im- 
portant one  as  regards  the  development  of  the  Laramie  and  Fox  Hills 
Groups  west  of  the  Rocky  Mountains,  and  for  an  account  of  its  geologi- 
cal structure  I  refer  to  my  report  for  1870,  together  with  maps  published 
by  this  survey,  and  to  King's  geological  map  of  the  Green  Kiver  Basin, 
published  in  advance  of  his  report. 

Proceeding  down  the  valley  of  Tampa  River  to  the  vicinity  of  Tampa 
Mountain,  1  made  some  examinations  of  the  Fox  Hills  strata,  and  ob- 
servations concerning  their  connection  with  the  Laramie  Group.  The 
only  invertebrate,  fossils  1  found  in  the  neighborhood  of  that  mountain 
were  some  fragments  of  Inoceramm  bambini  Morton,  /.  vanuxemi  Meek 
&  Hayden,  and  Baculitcs  ovatus  Say.  They  were  found  in  the  neighbor- 
hood of  the  south  end  of  the  mountain  in  upturned  strata  of  the  Fox 
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Hills  Group,  estimated  to  be  about  twelve  hundred  feet  above  its  base. 
In  the  overlying  strata  of  the  Laramie  Group  near  by  I  found  an  abun- 
dance of  fragments  of  plants,  but  they  were  too  imperfect  for  specific 
identification. 

Grossing  the  axial  flexure  southeastwardly,  in  the  direction  of  White 
River  Indian  Agency,  I  next  examined  the  Laramie  strata  among  the 
Danforth  Hills.  As  shown  in  my  report  for  last  year,  the  strata  of  the 
Laramie  Group  have  in  this  region  an  aggregate  thickness  of  3,500  feet  j 
and  I  am  now  inclined  to  regard  its  thickness  as  above  rather  than  below 
that  estimate.  This  is  somewhat  remarkable  when  we  remember  the 
limited  thickness  of  the  group  east  of  the  Rocky  Mountains,  but  the 
thickness  of  the  western  Laramie  strata  is  nowhere  known  to  be  greater 
than  that  of  those  which  are  referred  to  the  Laramie  Group  in  Middle 
Park.  I  obtained  invertebrate  fossils  from  two  separate  horizons  of  the 
Laramie  Group  in  the  Danforth  Hills,  one  of  which  is  near  the  top,  and 
exactly  equivalent  with  the  fossiliferous  horizon  in  the  valley  of  the 
Yampa,  some  twenty  miles  to  the  northward ;  and  the  other  is  200  to 
400  feet  above  its  base ;  the  two  horizons  being  about  3,000  feet  apart. 
The  upper  horizon  I  found  exposed  in  the  gentle  synclinal  at  the  eastern 
end  of  the  Danforth  Hills,  about  twelve  miles  due  north  from  the  White 
River  Indian  Agency,  and  the  lower  one  about  four  miles  farther  west- 
ward. The  only  species  found  at  the  upper  horizon  in  the  Danforth 
Hills  is  Ostrea  glabra,  the  species  which  is  so  abundant  at  the  same 
horizon  in  Yampa  Valley  and  elsewhere ;  but  those  of  the  lower  horizon 
are  more  numerous  and  very  instructive,  as  the  following  list  will  show : 

UST    OF    THE    LARAMIE   FOSSILS   FOUND   IN   THE   DANFORTH   HILLS, 

NORTHWESTERN  COLORADO. 

1.  Anomia  micronema  Meek. 

2.  YoUella  (Brachydontes)  regularis  White. 

3.  Volsella  (Brachydontes)  Xaticostata  White. 

4.  Xuculana  inclara  White. 

5.  Corbicula  cytheri/omm  Meek  &  Hayden. 
0.  Corbicula 1 

7.  Corbicula  (Leptcsthes)  fracta  Meek. 

8.  Corbula  undifera  Meek. 

9.  Melania  wyomingemk  Meek. 
10.  Odontobasisf  formosa  White. 
1L  Cythcrinaf 

12.  Teliost  fish-scales. 

NOTES  ON  THE  LARAMIE  FOSSILS  OF  DANFORTH  HILLS. 

1.  Anomia  micronema  Meek. 

The  examples  of  this  species  are  small,  as  they  are  in  the  valley  of  the 
Yampa.  They  are  preserved  in  the  form  of  casts  in  the  compact  reddish 
shale  that  contains  all  the  fossils  of  this  locality,  and  show  the  numerous 
radiating  lines  which  characterize  the  species  very  distinctly.  The  dis- 
tinctness and  arrangement  of  these  lines  in  some  of  the  examples  strongly 
recall  the  appearance  of  Or  this  or  Hemipronites  when  preserved  under 
similar  conditions  in  paleozoic  rocks.  The  occurrence  of  this  species 
.  here;  as  well  as  at  the  other  localities  already  mentioned,  shows  that  its 
vertical  range  is  practically  through  the  whole  great  thickness  of  the 
Laramie  Group. 
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2.  Yolsella  (Brachydontes)  regularis  White. 

Only  fragments  of  this  species  were  found  at  this  locality,  but  they 
seem  certainly  to  be  specifically  identical  with  the  type  specimens  from 
the  valley  of  Crow  Creek,  east  of  the  Rocky  Mountains,  and  also  with 
those  that  have  been  identified  with  them  elsewhere  west  of  the  mount- 
ains. It  is  described  in  the  Bulletin  of  the  United  States  Geological 
and  Geographical  Survey  of  the  Territories,  vol.  iv,  p.  707. 

3.  Yolsella  (Bradiydontes)  laticostafa  White. 

This  species  has  been  recognized  at  no  other  locality.  It  is  described 
in  the  same  article  with  the  preceding  species. 

4.  Nuculana  inclara  White. 

Peculiar  interest  is  attached  to  this  species,  not  only  because  it  is  the 
first  one  of  the  genus  and  family  to  which  it  belongs  that  has  been  dis- 
covered in  the  strata  of  the  Laramie  Group,  but  because  the  whole 
family  is  regarded  as  a  purely  marine  one ;  while  all  the  other  species 
yet  discovered  in  this  group,  with  perhaps  the  exception  of  Odontobasis, 
are  regarded  as  of  either  brackish  or  fresh  water  origin.  Only  two  ex- 
amples were  found,  but  the  condition  of  their  preservation  is  such  that 
their  generic  identity  is  not  doubted.  It  is  described  in  the  Bulletin 
of  the  United  States  Geological  and  Geographical  Survey  of  the  Terri- 
tories, vol.  iv,  p.  708,  and  it  has  been  discovered  at  no  other  locality. 
Its  own  characters,  and  being  also  associated  with  No.  10  of  this  list 
(which  is  probably  another  marine  form)  near  the  base  of  the  Laramie 
Group,  seem  to  suggest  that  marine  saltness  of  the  waters  was  preserved 
hi  some  places  for  some  time  after  the  peculiar  conditions  of  the  Laramie 
period  were  introduced.  This  suggestion  is  somewhat  strengthened  by 
the  fact  that  Odontobasi*  buceinoides  White  holds  in  the  valley  of  Bitter 
Creek  a  position  considerably  below  the  principal  fossiliferous  horizon 
there,  in  wliich  both  fresh  and  brackish  water  forms  are  found,  but  none 
whose  living  congeners  are  exclusively  marine.  It  is  a  singular  fact, 
however,  that  in  both  these  layers  containing  marine  types  specimens  of 
Mclan  la  were  found ;  but  this  subject  will  be  discussed  at  some  length  on 
subsequent  pages. 

5.  Corbieula  cytheriformis  Meek  &  Hayden. 

The  specimens  which  I  have  referred  to  this  species  are  imperfect,  and 
hi  the  form  of  casts  in  the  compact  reddish  shales  which  contain  all  the 
fossils  of  this  locality.  A  couple  of  the  examples  found  here  indicate  a 
larger  size  than  any  of  those  which  have  been  identified  with  this  species 
from  Bitter  Creek  Valley,  but  not  larger  than  the  types  of  Meek  &  Hay- 
den. These  were  discovered  by  Dr.  Ilayden  in  the  Judith  River  beds 
of  the  Upper  Missouri  River  region,  and  are  figured  and  described  in 
vol.  ix  of  the  United  States  Geological  Survey  of  the  Territories. 

0.  Corbieula ? 

These  shales  contain  casts  of  another  species  of  Corbieula  which  seems 
to  be  different  from  any  described  form,  but  because  those  examples  are 
yet  known  only  in  the  form  of  casts,  and  are  probably  not  fully  adult, 
they  are  not  specifically  named.  They  resemble  young  examples  of  C. 
plamvmbona  Meek. 

7.  Corbieula  (Leptesthes )  fracta  Meek. 

Casts  of  tliis  species  were  also  found  here,  which  are  interesting  as 
showing  that  it  began  its  existence  early  in  the  Laramie  period.  Here- 
tofore it  has  been  found  only  in  the  upper  portion  of  the  Laramie  Group, 
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west  of  the  Rocky  Mountains ;  but  its  position  cast  of  the  mountains 
is  apparently  near  the  base  of  the  group. 

8.  Corbula  undifera  Meek. 

This  species  was  described  by  Meek  in  the  Annual  Report  of  the 
United  States  Geological  and  Geographical  Survey  of  the  Territories 
for  1872,  p.  513,  from  the  Laramie  strata  at  Rock  Springs  in  the  valley 
of  Bitter  Greek.  In  Powell's  Report  on  the  Geology  of  the  Uinta  Mount- 
ains, p.  120, 1  described  another  form  under  the  name  of  C.  subundifera 
from  a  higher  horizon  of  the  Laramie  strata  of  the  same  valley,  which  1 
now  regard  as  only  a  variety  of  Mr.  Meek's  species.  The  original  variety 
lias  been  found  only  at  Rock  Springs  and  at  the  Danforth  Hills  locality. 
The  variety  subundifera  was  originally  found  at  Point  of  Rocks  in 
Bitter  Creek  Valley,  and  I  have  also  recognized  it  among  some  fossils 
brought  from  Upper  Kanab,  Southern  Utah,  by  Professor  Powell.  The 
two  varieties  thus  seem  to  be  quite  constant. 

9.  Melania  wyomingensis  Meek. 

The  wide  geographical  distribution  of  this  species,  as  well  as  its  char- 
acteristics, has  already  been  commented  on  under  the  head  of  notes  on 
the  Laramie  fossils  of  Crow  Creek  Valley.  Its  occurrence  here  not  only 
adds  to  our  knowledge  of  its  distribution,  but  also  to  that  of  its  vertical 
range  in  the  Laramie  Group.  Its  position  at  the  original  locality  in 
Bitter  Creek  Valley,  and  also  at  that  of  Yampa  Valley,  is  near  tin*  top 
of  the  group.  At  the  Danforth  Hills  locality  its  position  is  near  the 
base  of  the  group,  showing  the  known  vertical  range  of  the  species  to 
be  about  3,000  feet.  It  is  a  noticeable  fact  that  all  the  associates  of  this 
species  at  the  Danforth  Hills  locality  are  brackish-water,  or  perhaps  in 
part  marine  species,  none  being  purely  or  exclusively  of  fresh-water  habi- 
tat- It  is  also  a  singular  fact  that  while  other  fresh-water  forms  are  some- 
times associated  with  it,  some  of  its  associates  at  all  the  localities  where  it 
has  been  discovered  are  brackish -water  forms,  or  those  that  may  have 
inhabited  both  fresh  and  brackish  waters.  The  characteristics  of  the, 
shell  are  such  as  to  scarcely  admit  of  a  doubt  that  it  is  either  a  true 
Melania  or  a  very  closely  allied  ibrm. 

10.  Odontobasis  f  formosa. 

Only  a  single  example  of  this  species  was  discovered.  It  is  imperfect, 
and  perhaps  does  not  belong  to  that  genus,  to  which  it  is  referred  pro- 
visionally. It  is  published  in  the  Bulletin  of  the  United  States  Geolog- 
ical Survey,  vol.  iv,  p.  718,  and  also  in  this  volume,  with  a  figure. 

11.  Cytherina? 

In  the  fine-grained  indurated  reddish  shales  of  this  locality  are  nu- 
merous casts  of  an  Ostracoid  crustacean  which  I  refer  provisionally  to 
Cytherina.  These  are  the  first  examples  of  that  order  of  crustaceans, 
so  far  as  I  am  aware,  that  have  been  discovered  in  strata  of  the  Laramie 
Group. 

12.  Fish  remains. 

A  few  cycloid  scales  were  also  found  in  these  shales,  which,  except  a 
few  similar  examples  found  in  Bear  Kiver  Valley,  are  the  only  fish  re- 
mains discovered  by  myself  in  Laramie  strata  ;  but  there  seems  to  be  no 
reason  why  fishes  may  not  have  existed  abundantly  during  that  period. 

The  absence  or  the  Ostrea  here  is  noticeable,  and  is  probably  due  to 
the  uneongeniality  of  habitat  that  was  produced  by  the  fine  sediment 
which  now  constitutes  the  shales.  O.  glabra  was  found  further  down  the 
valley  of  White  River  in  strata  fully  as  near  the  base  of  the  group  as 
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these  shales  are,  and  that  species  is  therefore  known  to  have  as  great  a 
vertical  range  as  any  of  the  other  species  of  the  group. 

The  Laramie  Group  of  this  district  is  made  up  of  sandstones  and 
sandy  shales,  with  occasional  layers  of  clayey  shales,  which  toward  the 
baseare  reddish  in  color,  indurated,  fine-grained,  and  fissile.  There  are 
also  several  beds  of  coal  or  lignite  in  the  group  as  developed  in  this  re- 
gion, one  being  near  the  horizon  of  the  fossils  of  the  foregoing  list  and 
another  near  that  of  the  fossils  collected  from  the  upper  strata  of  the 
group  in  Yampa  Valley.  Besides  this,  comminuted  fragments  of  plants 
are  very  common  in  almost  all  the  strata  from  base  to  top  of  the  group, 
and  in  some  of  the  layers  they  are  very  abundant. 

In  the  Danforth  Hills,  and  also  extending  far  down  White  River  Val- 
ley, and  over  to  Yampa  Valley,  the  strata  of  nearly  the  whole  group 
have  a  decided  reddish  aspect,  which  often  appears  as  if  produced  by 
heat.  The  fossils  of  the  foregoing  list  were  all  collected  from  the  reddish 
fissile  shales  before  mentioned,  about  fifteen  miles  northwestward  from 
White  River  Indian  Agency,  mostly  about  400  feet  above  the  base  of  the 
group,  and  I  found  fragments  of  a  part  of  the  same  species  three  miles  to 
the  southward  of  that  locality,  some  300  feet  lower  in  the  series,  or  within 
100  feet  of  the  base.  About  200  feet  beneath  these  lowest  Laramie  fossils 
I  obtained  some  characteristic  fossils  of  the  Fox  Hills  Group,  which  will 
be  discussed  on  following  pages.  The  plane  of  division  between  these 
two  groups  is  of  course  between  these  two  tbssiliferous  layers,  which  are 
only  200  feet  apart.  Kb  unconformity  of  any  of  these  strata  could  be 
detected,  nor  is  there  any  abrupt  change  from  the  lower  to  the  higher 
group ;  yet  viewing  the  strata  as  they  are  abundantly  exposed  in  the 
hillsides  of  the  district,  one  has  little  difficulty  in  tracing  a  sufficiently 
distinct  line  of  division  by  the  aspect  of  the  strata.  This  difference  of 
aspect  is  due  mainly  to  the  greater  thinness  of  the  layers  that  compose 
the  strata  which  are  referred  to  the  Laramie  Group,  and  also  to  a  per- 
ceptible difference  of  color. 

The  remaining  investigations  of  the  Laramie  Group  for  this  season, 
(except  those  of  the  peculiarly  developed  portion  of  the  group  at  the 
western  part  of  Green  River  Basin)  were  made  near  its  close  in  the  valley 
of  Bitter  Creek,  in  Southern  Wyoming,  from  100  to  125  miles  north- 
westwardly from  the  Yampa  and  While  River  localities.  As  the  fauna* 
of  the  two  districts  are  intimately  related,  1  shall  depart  from  the  course 
of  my  journey  to  discuss,  in  immediate  connection  with  the  foregoing, 
the  Laramie  Group  and  its  fossils  as  developed  in  the  valley  of  Bitter 
(reek,  and  then  return  to  the  Fox  IJills  Group,  in  the  valley  of  White 
River,  and  follow  the  line  of  my  journey  to  its  close. 

In  the  valley  of  Bitter  Creek,  a  tributary  of  Green  River,  the  whole 
series  of  Laramie  strata  is  twice  exposed,  once  on  each  side  of  a  broad 
anticlinal  flexure,  called  by  Professor  Powell  the  Aspen  Mountain  LTp- 
lift.  Fossils  were  obtained  from  them  on  both  sides  of  the  fold,  but  they 
all  come  apparently  from  the  upper  half  of  the  series,  although  they  occur 
at  several  distinct  fossiiiferous  horizons.  My  examinations  began  in  the 
valley  of  Bitter  Creek,  just  west  of  the  village  of  Rock  Springs,  where 
the  uppermost  strata  of  the  group  occur,  the  dip  being  to  the  westward. 
1  made  careful  examination  here,  as  well  as  formerly  in  Yampa  Valley, 
for  a  plane  of  demarkation  between  the  Laramie  and  Wasatch  Groups, 
but  without  success.  1  rode  back  and  forth,  on  the  western  side  of  the 
valley,  over  the  upturned  edges  of  the  strata  between  two  fossiiiferous 
horizons  containing  characteristic  fossils  of  each  group  respectively,  and 
I  could  nowhere  find  a  plane  of  demarkation  or  any  particular  layers 
suggestive  of  a  plane  of  separation  between  the  two  groups. 

« 
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The  uppermost  fossiliferous  layer  of  the  Laramie  Group,  doubtless 
equivalent  with  the  fossiliferous  horizon  both  at  Point  of  liocks  Station 
and  in  Yampa  Valley,  was  found  in  the  hill  just  west  of  the  village  of 
Rock  Springs,  where  I  obtained  only  one  species,  Ostrea  glabra  Meek  & 
Hayden.  The  fossils  of  the  following  list  were  obtained  at  other  and 
lower  horizons  in  the  group  just  east  of  the  village : 

LIST  OF  T,ATtAMna  FOSSILS  COLLECTED  AT  ROCK  SPRINGS,  WYOMING. 

1.  0$trea  glabra  Meek  &  Hayden. 

2.  Anomia  micronema  Meek. 

3.  Volsella  (Brachydontes)  regularis  White. 

4.  Corbula  undi/era  Meek. 

5.  Melania  insculpta  Meek. 

No  other  fossils  were  obtained  from  the  Larairiic  strata  on  the  west 
side  of  the  Aspen  Mountain  Uplift,  but  important  collections  were  made 
from  them  at  three  localities  upon  the  east  side.  The  first  of  these  local- 
ities is  about  two  miles  below  or  west  of  Point  of  Rocks  Station,  where 
the  following  fossils  were  obtained : 

LIST  OF  LARAMIE  FOSSILS  FROM  BITTER  CREEK  VALLEY,  TWO  MILES 
WEST  OF  POINT  OF  ROCKS  STATION,  WYOMING. 

1.  Ottrea  glabra  Meek  &  Hayden  f 

2.  Anomia  gryphorhynchus  Meek. 

3.  Corbicula  cytheriformis  Meek  &  Hayden. 

4.  Corbula  subtrigonalk  Meek  &  Hayden  (=C.  tropidophora  Meek). 

5.  Melania  insculpta  Meek. 

6.  Odontobasw  buccinoides  White. 

The  exposure  here  is  only  a  very  limited  one  of  a  single  stratum  of  fos^ 
siliferous  rock,  being  the  same  as  that  from  which  Mr.  Meek  collected  his 
type  specimens  of  Anomia  gryphorhynchw.  The  position  of  this  fossilif- 
erous horizon  in  the  Laramie  series  is  probably  about  the  same  as  that 
just  east  of  the  village  of  Rock  Springs,  although  most  of  the  fossils  are 
of  different  species. 

The  fossiliferous  horizon  at  Point  of  Rocks  station,  two  miles  farther 
np  the  creek,  holds  a  position  several  hunched  feet  above  the  one  in  ques- 
tion. Just  how  much  higher  in  the  series  it  belongs  could  not  be  ac- 
curately known,  because  there  is  an  unconformity  of  the  strata  between 
the  two  horizons.  This  unconformity  is  evidently  of  limited  extent  in 
this  district  and  has  probably  not  greatly  aiiected  the  aggregate  thick- 
ness of  the  whole  group.  I  could  find  no  trace  of  it  in  the  Laramie  strata 
of  the  valleys  of  Yampa  and  White  Rivers,  but  Professor  Powell  has  re- 
ported it  to  exist  elsewhere,  and  upon  it  he  made  the  division  between  his 
Point  of  Rocks  and  Bitter  Creek  groups.  I  adopted  his  views  in  this  re- 
spect in  my  report  upon  his  collections,  in  the  third  chapter  of  his  Report 
on  the  Geology  of  the  Uinta  Mountains ;  and  also  in  my  Paleontological 
Papers  Nos.  2,  3,  and  5  in  the  Bulletin  of  the  United  States  Geological 
and  Geographical  Survey  of  the  Territories.  Subsequent  investigations, 
however,  show  that  the  paleontological  characteristics  of  the  strata 
above  and  below  this  unconformity  are  too  nearly  identical  to  admit  of 
their  separation  as  belonging  to  separate  epochs,  even  if  that  uncon- 
formity were  general  instead  of  local. 

The  fossiliferous  horizon  at  Point  of  Rocks  station  is  the  uppermost 
one  of  the  group  that  is  yet  known,  and  is  essentially  the  same  as  that 
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at  Black  Buttes  station,  twelve  miles  farther  up  the  creek,  and  also  the 
same  as  that  in  the  valley  of  the  Yampa.  At  Point  of  Kocks  it  com- 
prises two  layers  containing  the  fossils,  separated  by  50  feet  of  6trata 
in  which  none  were  found.  Only  Corbula  snbvndifera  White  and  Cam- 
peloma  vetula  Meek  &  Hayden  were  found  in  the  lower  layer,  and  the 
remainder  of  the  following  list  were  obtained  from  the  upper  layer. 

LIST  OF  LARAMIE  FOSSILS  COLLECTED  AT  POINT  OF  BOCKS  STATION, 

WYOMING. 

1.  Membranipora  f 

2.  Ostrea  glabra  Meek  &  Hayden. 

3.  Corbicida  occidentalis  Meek  &  Hayden. 

4.  Corbula  subundifera  White. 

5.  Campeloma  vetula  Meek  &  Hayden. 

The  layers  that  have  furnished  the  important  collections  of  plant  re- 
mains at  Point  of  Rocks  station,  which  have  been  described  by  Mr.  Les- 
quereux,  were  found  to  be  lower  in  the  Laramie  series  than  those  which 
furnished  the  fossils  of  the  foregoing  list,  and  they  are  also  below  the 
unconformity  that  has  been  referred  to.  Proceeding  up  the  valley  of 
Bitter  Creek  the  horizon  of  the  invertebrate  fossils  was  once  dr  twice 
detected  by  some  scattered  fragments  of  oyster-shells,  but  no  impor- 
tant collections  were  made  until  I  reached  Black  Buttes  station,  some 
twelve  miles  to  the  southeastward.  I  stopped  on  the  way  at  the  Hall- 
ville  mines  where  Mr.  Meek  had  formerly  obtained  some  Laramie  fos- 
sils, but  as  the  mines  had  been  abandoned  I  was  unable  to  make  any 
collections.  The  strata  of  the  Black  Buttes  locality  were  found  to 
contain  fossils  for  a  considerable  distance  both  above  and  below  the  rail- 
road station  and  upon  both  sides  of  the  creek,  the  principal  locality  be- 
ing about  a  mile  south  of  the  station. 

LIST  OF  THE    LARAMIE  FOSSILS    COLLECTED  AT  BLACK  BUTTES  STA- 
TION, WYOMING. 

1.  Anomia  micronema  Meek. 

2.  Anomia  gryphorhynchus  Meek. 

3.  Ostrea  glabra  Meek  &  Hayden. 

4.  Unio  eouesi  White. 

5.  Unio propheticu8  White. 
0.  Unio  aldrichi  White. 

7.  Unio  proavitus  White. 

8.  Unio  holmesianus  White. 

9.  Unio  endlichi  White. 

10.  Unio  cryptorhynchus  White. 

11.  Unio  bravhyopwthus  White. 

12.  Unio  goniambonatus  White. 

13.  Unio  dance  Meek  &  Hayden. 

14.  Corbicida  occidentalis  Meek  &  Hayden. 

15.  Corbicida  (LeptesthesJ  fracta  Meek. 

16.  Corbula  mbtrigonalis  Meek  &  Hayden. 

1 7.  JSTeritina  volvilineata  White. 

IS.  Xeritina  (  VelatellaJ  baptista  White. 

10.  Goniobasis  gracilicnta  Meek  &  Hayden. 

20.  Cassiopclla  turricula  White. 

21.  Mclania  icyomingemis  Meek. 

22.  Yiviparm  plicapressus  White. 
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23.  Tulotoma  thompsoni  White. 

24.  CampeUma  vetula  Meek  &  Hayden. 

25.  Campdoma  muUilineata  Meek  &  Hayden  t 

NOTES  ON  THE  LARAMIE  FOSSILS  OF  BITTER  CREEK  VALLEY. 

As  the  fossils  of  the  different  localities  in  Bitter  Creek  Valley  are  so 
closely  related  they  will  all  be  discussed  in  zoological  order  in  the  follow- 
ing notes  instead  of  treating  those  of  each  locality  separately. 

1.  Mcmbraniporaf 

Upon  many  of  the  shells  of  Ostrea  glabra  Meek  &  Hayden  f =0.  ucyo- 
mingensis  Meek),  winch  were  obtained  at  Point  of  Rocks,  there  are  small 
jiatclies  of  an  incrusting  Polyzoan.  None  of  them  are  quite  perfectly 
preserved,  but  they  are  evidently  the  calcareous  cell-bases  of  a  species 
of  Membranipora  or  of  a  closely  allied  genus.  I  have  detected  similar 
objects  at  no  other  locality  of  Laramie  fossils  except  in  the  valley  of 
Bear  River,  but  there  seems  to  be  no  good  reason  why  they  may  not 
have  existed  with  any  of  the  many  brackish-water  species  of  that  period. 
They  are  interesting  as  indicating  the  continuance  of  a  considerable 
degree  of  saltncss  of  the  waters  until  near  or  quite  the  close  of  the  Lara- 
mie period. 

2.  Anomia  microncma  Meek. 

This  species  has  already  been  discussed  upon  previous  pages  as  to  its 
geographical  distribution  and  vertical  range  in  the  La-ramie  Group.  A 
tew  small  examples  of  it  were  found  at  the  Black  Buttes  locality,  and 
it  was  also  found  quite  abundantly  at  the  Bock  Springs  locality,  but 
nowhere  else  in  Bitter  Creek  Valley.  At  both  those  localities  it  was 
found  in  a  separate  layer  associated  only  with  Ostrea  glabra.  At  the 
Rock  Springs  locality  the  examples  are  of  good  size,  and  many  of  thein 
have  a  greater  than  the  average  convexity  of  form. 

At  none  of  the  numerous  localities  where  this  species  has  been  found, 
from  the  one  reported  by  Dr.  Hayden,  two  hundred  miles  east  of  Denver, 
to  those  of  Bitter  Creek  Valley,  none  but  upper  valves  have  been  discov- 
ered. It  is  very  difficult  to  even  suggest  an  explanation  of  this  remarka- 
ble fact,  which  has  before  been  referred  to. 

3.  Anomia  gryphorhynchus  Meek. 

The  locality  two  miles  below  Point  of  Kocks  is  the  only  one  that  has 
furnished  many  examines  of  this  species,  although  it  has  been  clearly 
recognized  at  the  Crow  Creek  locality  east  of  the  Rocky  Mountains,  and 
also  at  the  Black  Buttes  and  Yampa  Valley  localities.  This  shows  a 
wide  geograplueal  distribution  and  a  considerable  vertical  range  of  the 
species.  As  in  the  case  of  A.  micronema,  none  but  irpper  valves  of  this 
species  have  been  found. 

4.  Ostrea  glabra  Meek  &  Hayden. 

This  species  has  already  been  discussed  at  length  on  former  pages,  and 
reasons  given  for  referring  these  western  forms  to  O.  glabra  Meek  <&  Hay- 
den ralher  than  to  regard  them  as  a  separate  species  under  the  name  of 
O.  wyomingensis  Meek,  the  types  of  which  were  found  at  Point  of  Bocks. 
If  it  were  not  for  the  lately  obtained  proof  that  the  Judith  River,  Fort 
Union,  Colorado  Lignite  and  Bitter  Creek  series  all  belong  to  one  and 
the  same  period,  and  the  discovery  of  intermediate  forms  connecting 
these  two  formerly  recognized  species  of  Ostrea,  it  is  not  probable  that  I 
should  have  ever  suspected  them  to  be  distinct.    The  lack  of  intermediate 
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forms  west  of  the  mountains  like  those  which  were  found  in  Eastern 
Colorado  is  suggestive  that  there  may  after  all  be  really  two  species, 
especially  so  since  only  thin,  small  examples  are  found  at  the  locality 
two  miles  west  of  Point  of  Bocks.  In  Professor  Powell's  Eeport  on  the 
Geology  of  the  Uinta  Mountains  I  gave  the  name  of  0.  insecuris  to  these 
last-mentioned  examples,  but  comparison  of  my  types  directly  with  those 
of  0.  glabra  shows  too  little  difference  to  be  satisfactorily  regarded  as 
specific.  Comparison  of  large  collections  made  at  the  typical  localities, 
Point  of  Rocks  and  Black  Buttes  Station,  with  the  types  themselves, 
leaves  no  doubt  in  my  mind  that  0.  wyomingensis  Meek  and  0.  arctuUilis 
Meek  are  specifically  identical.  It  will  of  course  be  understood  that  I 
regard  such  forms  as  the  types  of  0.  glabra  Meek  &  Hayden,  0.  subtri- 
gonalis  Evans  &  Shumard,  and  0.  insecuris  White  as  young  examples  of 
the  species,  and  0.  u>yomingensis  Meek  as  adult  forms  of  the  same.  By 
these  and  other  remarks  on  previous  pages  it  will  be  seen  that  at  present 
I  recognize  only  one  species  of  Ostrea  in  all  the  Laramie  Group,  unless 
the  obscure  one  that  is  found  in  Bear  Biver  Valley,  yet  to  be  noticed, 
shall  prove  to  be  distinct  from  .0.  glabra. 

5.  Yolsella  (Brachydontcs)  regularis  White. 

A  few  large  but  imperfect  examples  of  this  species  were  found  just 
east  of  Bock  Springs,  which  is  the  only  locality  in  Bitter  Creek  Valley, 
at  which  it  was  discovered.  See  further  remarks  under  the  head  of  notes 
on  the  Laramie  fossils  of  Crow  Creek  Valley. 

C.  Unio  couesi  White. 

This  is  one  of  nine  or  ten  species  of  Unio  that  have  been  found  asso- 
ciated in  one  and  the  same  layer  at  Black  Buttes  Station,  and  also  asso- 
ciated with  Corbicula  (LeptcstJies)  fracta,  Neritina  volvilineatay  Neritina 
(Velatella)  baptista  and  Melania  wyomingemis.  Kone  of  these  species  of 
unio  have  been  discovered  at  any  other  locality  west  of  the  Kocky  Mount- 
ains, but  two  of  them,  U.  cryptorhynchus  White  and  U.  dance  Meek  & 
Hayden,  have  been  somewhat  satisfactorily  identified  with  the  typical 
forms  from  the  Upper  Missouri  River  region.  This  is  the  largest  species 
of  the  genus  that  has  yet  been  found  fossil  in  any  strata  of  the  West-.  It 
was  originally  described  by  me  under  the  name  of  U.  petrinus  in  Powell's 
Report  on  the  Geology  of  the  Uinta  Mountains,  p.  125,  together  with 
Kos.  7  and  8  following.  That  name  being  preoccupied,  it  was  changed 
to  U.  couesi)  in  Bull  U.  S.  Geol.  and  Geog.  Sur.  Terr.,  vol.  iii,  p.  605. 

7.  Unio  propheticus 'White.       )  g     rcmarks  under  y    c 

8.  unto  brachwpisthus  \\  hite.  I 

9.  Unio  proav  it  us  White. 

This  species,  together  with  Nos.  10  and  11  following,  are  described  in 
Bull.  U.  S.  Geol.  Sur.  Terr.  vol.  iii,  pp.  603  and  604. 

10.  Unio  hoi  mesi  anus  White.  )  G  _  „^„      * A  „  x-    P 

n !     T-  -        -if  i  •  wi  •*  \  See  remarks  under  .No.  6. 

11.  I  mo  endlwh  i  \A  lute.         ) 

12.  Unio  aldrichi  White- 
Tins  species,  together  with  Xo.  13  following,  are  described  in  Bull.  U. 

S.  Geol.  Sur.  Ter.  vol.  iv,  pp.  700  and  710. 

13.  Un  io  goniam bonatus  White. 
See  remarks  under  Xo.  6. 

1-1.   Unio  cryptorhynchus  White. 

Some  imperfect  examples  found  associated  with  the  foregoing  species 
appear  to  be  specifically  identical  with  the  types  of  U.  cryptorhynchus 
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which  were  collected  by  Prof.  E.  D.  Cope  from  the  Judith  River  beds  of 
the  Upper  Missouri  River  region.  It  is  described  in  Bull.  U.  S.  Geol. 
and  Geog.  Sur.  Terr.  vol.  iii,  p.  600. 

15.  Unio  dance  Meek  &  Hay  den  I 

Several  well-preserved  examples  were  obtained  with  the  other  species 
of  Unio  at  Black  Buttes  Station  that  have  much  the  form  of  the  living 
species  U.  rectus.  They  appear,  however,  to  be  too  nearly  related  to,  if  not 
specifically  identical  with,  U.  datuc  Meek  and  llay den  to  warrant  any  other 
reference  at  present. 

1C.  Corbicula  occidentolis  Meek  &  Ilavden. 

The  possible  identity  of  this  species  with  the  following  has  already 
been  referred  to,  but  the  two  forms  although  closely  related  are  (when 
studied  by  numerous  specimens  of  each  form  from  Bitter  Creek  Valley) 
quite  readily  distinguishable.  The  two  forms  are  also  from  two  separate 
horizons,  CC  accidentalUt  being  found  only  in  that  of  Point  of  Rocks  and 
Black  Buttes  Stations,  and  C.  eytheriformis  only  in  that  of  the  locality 
two  miles  below  Point  of  Rocks.  C.  bannisteri  Meek,  as  has  already  been 
stated,  is  regarded  as  only  a  variety  of  C.  occidcntalis.  This  species  is 
quite  abundant  in  the  principal  oyster  layer  at  Point  of  Rocks,  and  is 
similarly  associated  at  the  Yampa  Valley  locality.  Among  some  collec- 
tions brought  by  Professor  Powell  from  Upper  Kanab,  Utah,  are  some 
examples  that  appear  to  belong  to  tliis  species.  It  has  not  been  recog- 
nized east  of  the  Rocky  Mountains  in  Colorado. 

17.  Corbicnla  cytheriformis  Meek  &  Ilayden. 

Many  well-preserved  examples  of  this  species  were  obtained  at  the 
locality  two  miles  below  Point  of  Rocks.  They  are  of  smaller  average 
size  than  the  types  of  the  species,  but  they  seem  to  be  specifically  iden- 
tical. This  species  was  not  recognized  east  of  the  Rocky  Mountains  in 
Colorado,  and  only  doubtfully  so  in  the  Danforth  llills,  which  is  the  only 
other  locality  at  which  it  has  been  recognized  west  of  the  Rocky  Mount- 
ains. 

18.  Corbicula  (Leptexthes)  fracta  Meek. 

A  single  layer  at  Black  Buttes  Station  contains  this  species  in  great 
abundance,,  and  it  wiw  here  and  at  Hallvile,  four  miles  distant,  that  Mr. 
Meek  obtained  the  types  of  this  species  and  of  the  subgenus  Leptexthcs. 
Its  geographical  distribution  is  about  the  same  as  that  of  Melania  wyomin- 
gensiSj  and  its  vertical  range  apparently  through  the  whole  thickness  of 
the  Laramie  Group.  For  further  remarks  on  this  subject  see  notes  on 
the  Laramie  fossils  of  Crow  Creek  Valley. 

19.  Corbula  undifera  Meek. 

The  typical  forms  of  this  species  have  hitherto  been  found  only  at  Rock 
Springs  and  in  the  Danforth  Hills.  The  type  collection  of  C.  subundifvra 
White  was  obtained  at  Point  of  Rocks  station  from  a  layer  about  fifty 
feet  below  the  oyster  horizon  there,  and  the  form  was  described  in  Pro- 
fessor Powell's  Report  on  the  Geology  of  the  Uinta  Mountains,  p.  129. 
The  only  other  known  examples  were  brought  by  Professor  Powell  from 
Upper  Kanab,  Southern  Utah,  as  mentioned  on  a  previous  page.  The 
differences  between  these  two  forms  are  so  slight  that  1  am  now  disposed 
to  regard  them  as  only  varieties  of  one  species ;  but  still  the  variation 
seems  to  be  constant  as  found  in  widely  separated  localities,  which  is 
suggestive  of  a  permanency  that  may  prove  to  be  specific. 
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20.  Corbula  subtrigonalis  Meek  &  Hayden. 

It  has  been  stated  on  a  previous  page  that  good  reasons  appear  to  ex- 
ist for  regarding  C.  subtrigonalis  Meek  &  Hayden,  C.  pemndata  Meek  & 
Hayden,  C.crassatelli/ornm  Sleeky  and  C.tropidophora -Meek, as  belonging 
to  one  and  the  same  species,  the  difference  being  only  varietal  and  prob- 
ably due  to  local  environment.  Mr.  Meek's  tyj>es  of  the  two  last-named 
forma  were  obtained  from  the  Bitter  Creek  series  of  Laramie  strata, 
the  former  at  Hallville  and  Black  Buttes  stations,  and  the  latter  at  the 
locality  two  miles  below  Point  of  Rocks.  The  difference  between  these 
two  latter  forms  is  significant  as  being  similar  to  that  between  C.  ttndi- 
fera  and  C.  subundifcra,  and  also  similar  to  that  between  other  forms 
from  different  strata  of  the  Bitter  Creek  series  presently  to  be  noticed. 

21.  Xeritina  volvilineato  White. 

The  type  specimens  of  this  species  were  found  at  Black  Buttes  Station 
associated  with  Melania  wgomingensiSj  Corbicula  (Lcpte#thcn)  /racta,  and 
seven  or  eight  species  of  Uniones.  Yampa  Valley  is  the  only  other  locality 
at  which  this  species  has  been  discovered.  See  remarks  under  that  head 
on  a  previous  page. 

22.  Xeritina  ( Yelatclla)  baptista  White. 

In  Ann.  Rep.  U.  S.  Geol.  and  Geog.  Sur.  Terr,  for  1872,  pp.  497-409, 
Mr.  Meek  described  three  species  of  Xeritidw  from  the  Cretaceous  rocks 
at  Coalville,  Utah,  for  which  he  proposed  the  subgeneric  name  of  Velar 
tella.  In  their  distinguishing  charactistics  they  approach  Yelate*  Mont- 
fort,  but  the  differences  pointed  out  by  Mr.  Meek  are  doubtless  of  at  least 
subgeneric  value.  Two  of  the  species  described  by  him  were  found  in 
the  brackish-water  layers  at  Carleton's  coal  mine,  which  are  both  under- 
laid and  overlaid  there  by  marine  strata  of  the  Fox  Hills  Group;  and 
the  other  was  from  marine  Cretaceous  strata  of  the  same  series  a  couple 
of  miles  away  froin  the  first-named  locality.  X.  ( V.)  baptista  is  described 
in  Bull.  U.  S.  Geol.  and  Geog.  Sur.  Ten*,  vol.  iv,  p.  715,  and  was  found 
in  the  Laramie  strata  at  Black  Buttes  Station  associated  with  the  pro- 
ceeding species  and  its  brackish-  and  fresh-water  associates  there.  This 
peculiar  type  has  been  found  at  no  other  than  the  Coalville  and  Black 
Buttes  localities,  the  one  in  the  Fox  Hills  Group  and  the  other  in  the 
Laramie. 

23.  Goniobasis  gracilienta  Meek  &  Hayden. 

A  goodly  number  of  examples  were  found  at  the  Black  Buttes  locality 
which  appear  to  be  specifically  identical  with  G.  gracilicntaNeek  &  Hay- 
den, although  they  are  smaller  and  rather  more  slender  than  the  types  of 
that  species  are,  and  also  more  slender  than  those  examples  are  that  were 
found  in  Crow  Creek  Valley  east  of  the  Rocky  Mountains.  For  remarks 
on  that  species  see  notes  on  the  fossils  of  the  last-named  locality. 

24.  Camopella  turricula  White. 

This  is  the  type  and  only  species  of  the  genus  Cassiopella  that  has  yefc 
been  discovered.  It  has  been  found  only  at  the  Black  Buttes  locality, 
where  it  is  associated  with  Unio,  Corbula,  Goniobams,  Campelomay  &c. 
Although  it  is  a  very  interesting  form,  being  unique,  it  is  of  little  valuo 
in  the  present  discussion,  which  is  mainly  one  of  comparison.  It  is  de- 
scribed in  Powell's  Report  on  the  Geology  of  the  Uinta  Mountains,  pagro 
l.'W,  under  the  name  of  Leioplax  t  turricula,  but  it  was  made  the  type  of 
Catwiopella  in  Bull.  Geol.  and  Geog.  Sur.  Terr.  vol.  iii,  p.  G06. 

2o.  Melania  icyomingemis  Meek. 
This  is  one  of  the  finest  and  most  interesting  species  yet  discovered  in 
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the  Laramie  Group.  Mr.  Meek  obtained  his  type  specimens  at  the  Black 
Buttes  locality,  and  it  has  since  been  obtained  in  considerable  numbers 
both  east  and  west  of  the  Rocky  Mountains,  in  Colorado  and  Wyoming, 
but  it  has  not  yet  been  discovered  in  the  Upper  Missouri  River  region. 
Its  wide  geographical  distribution ;  its  great  vertical  range  in  the  Lara- 
mie Group;  its  apparently  true  Melaniantype  and  its  relation  to  the  fol- 
lowing species  froin  a  lower  horizon  in  the  group  in  Bitter  Creek  Valley, 
all  make  it  a  species  of  unusual  interest.  For  further  remarks  on  it 
see  notes'  on  Laramie  fossils  ironi  Crow  Creek  Valley  and  the  Danforth 
Hills  localities. 

26.  Me lania  inseitlpta  Meek. 

Mr.  Meek  described  this  species  in  the  Ann.  Report  of  the  TJ.  S.  Geol. 
and  Geog.  Sur.  Terr,  for  1872,  p.  515,  along  with  M.  icyomingens-faj  his 
types  of  the  former  having  been  obtained  at  Rock  Springs,  and  those  of 
the  latter  at  Black  Buttes  Station.  Xo  examples  of  M.  insctdpta  have 
been  found  elsewhere  than  at  Bock  Springs,  except  two  or  three  imper- 
fect ones  at  the  locality  two  miles  below  Point  of  Bocks.  It  is  much 
more  nearly  related  to  M.  icyombujensis  than  would  appear  at  first  glance, 
because  the  principal  difference  consists  in  the  row  of  prominent  nodes 
or  short  spines  that  adorn  the  larger  volutions  of  the  latter ;  while  the 
upper  turns  of  the  spine  of  each  seem  to  be  undistinguishable.  This  is 
another  case  of  very  closely  related  species  or  well-marked  varieties 
existing  the  one  above  and  the  other  below  the  line  of  unconformity-  that 
lias  been  shown  to  exist  in  the  Laramie  strata  of  Bitter  Creek  Valley. 

27.  Ttviparus  plicapressus  White. 

The  only  localities  at  which  this  species  has  yet  been  discovered  are 
Jhose  of  Black  Buttes  Station  and  Yampa  Valley.  At  the  latter  locality 
it  was  found  associated  with  Melon ia  tcyomingemis  and  Xeritina  rolcili- 
neata;  and  at  the  former  with  Unto,  Vorbida,  Gonwhosin,  Cassiopeia, 
Campeloma,  &c.  It  is  described  in  Powell's  Report  on  the  Geology  of  the 
Uinta  Mountains,  p.  133.  It  is  not  yet  known  east  of  the  Kocky  Mount- 
ains. 

28.  Tulotoma  thompsoni  White. 

Black  Buttes  Station  is  the  first  locality  at  which  this  species  was  dis- 
covered, and  the  valley  of  Crow  Creek,  east  of  the  mountains,  is  the  only 
other  one  at  which  it  has  been  found.  It  occurs  in  considerable  numlwrs 
at  each  of  these  localities,  and  its  identity  at  each  is  beyond  question. 
Its  associates  at  Crow  Creek  are  all  fresh-water  forms;  and  at  Black 
Buttes  it  seemsto  occupy  a  thin  layer  by  itself  between  those  which  con- 
tain both  brackish-  and  fresh-water  forms.  See  farther  remarks  under 
the  head  of  "Xotes  on  the  Laramie  fossils  of  Crew  Creek  Valley.'' 

29.  Campeloma  vetula  Meek  &  Hay  den. 

Dr.  Hayden  first  discovered  this  species  in  the  Judith  River  beds  of 
the  Upper  Missouri  River  region,  and  it  is  described  and  ligured  in  volume 
IX  of  the  United  States  Geological  Survey  of  the  Territories.  A  goodly 
number  of  examples  were  obtained  at  Black  Buttes  Station,  where  they 
vere  found  associated  with  Un-io,  Corbxda,  Goniobasw,  Cassiopella,  &c. 
Their  specific  identity  with  Campeloma  vctida  seems  to  be  unmistakable. 

30.  Campeloma  multistriota  Meek  &  Hayden. 

Some  examples  found  associated  with  the  foregoing  species  at  Black 
Buttes  Station  possess  distinct  revolving  lines  like  those  of  C.  multistriata, 
but  they  lack  the  shouldering  of  the  distal  side  of  the  body-volution  so 
common  in  that  species.    As  they  do  not  appear  to  differ  materially  in 
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general  shape  from  C.  vetula,  they  may  perhaps  be  only  a  variety  of  that 
species.  This  is  rendered  probable  by  the  fact  that  the  revolving  lines 
are  often  obsolete  on  ft  muUistriata^  as  well  as  other  striated  species. 

31.  Odontobasis  buccinoides  White. 

This  species  is  described  in  Powell's  Eeport  on  the  Geology  of  the 
Uinta  Mountains,  p.  124.  With  the  exception  of  a  single  species  found 
in  the  Danforth  Hills,  and  doubtfully  referred  to  this  genus,  only  two 
other  species  of  the  genus  are  known.  These  are  both  of  Cretaceous 
age,  and  are  associated  only  with  marine  forms.  The  living  affinities  of 
the  genus  are  also  with  those  only  of  marine  habitat,  and  it  is  probable 
that  this  species  actually  lived  only  with  those  that  could  endure  a  con- 
siderable degree  of  saltness  of  the  water.  It  has  been  found  only  at  the 
locality  two  miles  west  of  Point  of  Rocks,  where  its  associates  are  Ostrea, 
Anomia,  Corbicula,  Corbula,  and  Melania  (insciilpta).  The  specimens  of 
the  last-named  species  may  have  been  drifted  to  their  present  association 
from  a  more  natural  habitat,  but  it  is  possible  they  all  lived  together,  espe- 
cially so  since  Jf.  wyomingemis  has  been  found  at  various  localities  as- 
sociated with  brackish-water  forms. 

Bitter  Creek  Valley  is  one  of  the  most  important  districts  yet  known 
for  the  study  of  the  Laramie  Group  5  and  on  account  of  the  large  number 
of  species  of  its  fossils  found  there  the  Black  Buttes  locality  is  one  of 
especial  importance  and  interest.  The  following  is  a  section  of  the  strata 
as  they  appear  about  a  mile  south  of  the  station,  the  point  where  the 
greater  part  of  the  fossils  were  obtained: 

Section  of  Laramie  Strata  at  Black  Buttes  Station. 

Feet-. 

1.  Thin  bedded  sandstones  and  sandy,  ferruginous  shales  to  the  top  of  the  Lara- 

mie Group 500  W 

2.  Sandstone,  containing  Unio  coucei,  Campeloma  rctula,  and  Anomia  gryphorhyn- 

chus 

3.  Sandy  sh  ales,  somewhat  carbonaceous 

4.  Shales,  containing  Casttiope.Ua  turricttla,  Viriparus  pUcapriwus,  Goniobasis  graci- 

Iwnta,  Campdoma  vctula,  Unio  daiurt,  Coroula  mibtrigonalte,  &c... 

5.  Bluish,  clayey  shale,  containing  fragments  of  Oatrea  and  Anomia 

6.  Calcareous  fragmentary  layer,  containing  au  abundance  of  Tntoloma  thomp- 

soni,  mostly  decomposed - - 

7.  Calcareous  and  sandy  fragmentary  material,  very  fossiliferous,  containing  aU 

the  species  of  Fnt'oof  the  foregoing  list,  Corbicula  (Leptesthcn)  fracta,  Mtlunia, 
wyominyenms,  Xcritina  volvilincata,  X.  (  VelalcUa)  baptMa,  &c 

8.  Sandy  shales,  with  alternating  calcareous  fragmentary  layers 

0.  Dark  carbonaceous  shales,  with  Ostrea  and  Anomia 

10.  Common  sandstones IOC* 

11.  Sandy,  grayish  shales  and  soft  sandstones 30C> 

In  the  neighborhood  of  Blaek  Buttes  Station  there  are,  within  th^ 
limits  of  this  section,  three  or  four  coal  or  carbonaceous  horizons,  two  of 
which  have  been  worked  for  coal.  One  of  these  appears  to  be  repre^ 
sci  1  ted  by  No.  3,  and  another  by  No.  9  of  the  section;  but  all  the  bcd=^ 
of  the  scries  exposed  in  this  neighborhood  are  so  extremely  variable  tha*> 
sections  taken  at  points  not  more  than  a  quarter  of  a  mile  distant  froim* 
each  other  would  hardly  be  recognized  as  intended  for  the  same  locality* 
especially  in  its  thinner  members. 

The  beds  of  coal  are  not  continuous  here,  as  they  usually  are  in  tli<3 
Carboniferous  Coal-Measures ;  but  from  a  good  workable  thickness  at  0116 
point  a  bed  will  disappear  entirely  within  half  a  mile.  The  layers  co re- 
taining the  fossils  are  equally  inconstant  as  regards  their  fossil  contends* 
and  a  measured  section  half  a  mile  away  from  the  point  where  the  foxro 
going  one  was  measured,  compulsing  the  exact  equivalents  of  those  Ih^cLs 
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might  be  examined  in  vain  for  fossils  of  any  kind.  Tet  there  is  no  evi- 
dence that  any  of  these  layers  are  of  truly  estuary  origin,  or  that  they 
irere  formed  in  any  other  than  lacustrine  or  interior  sea  waters.  In  other 
words,  the  variation  referred  to  seems  to  have  been  the  result  of  shifting 
conditions  of  limited  extent  in  a  large  bod y  of  water,  rather  than  that  of 
the  meeting  of  fluviatile  and  lacustrine  or  sea  waters.  This  inconstancy 
of  the  layers  composing  a  large  part  of  the  Laramie  Group  is  common 
almost  everywhere,  and  indicates  a  general  prevalence  of  shallow  water 
during  the  Laramie  period.  The  frequent  mixture  in  a  single  layer  of 
fresh-water,  brackish-water,  and  marine  types  in  these  and  other  Lara- 
mie strata  is  very  perplexing,  and  \fill  be  further  discussed  on  following 
pages. 

The  dip  of  all  the  strata  at  Black  Buttes  Station  is  gently  to  th&  east- 
ward, and  going  in  that  direction  a  few  miles  one  finds  himself  upon  the 
strata  of  the  Wasatch  Group.    I  crossed  and  rccrossed  this  space  at  dif- 
ferent places  in  the  neighborhood,  and  failed,  as  I  had  done  before  at 
other  localities,  to  find  any  plane  of  demarkation.  or  any  indication  of  a 
division  between  the  Laramie  and  Wasatch  Groups.    The  thickness 
therefore  that  is  assigned  to  No.  1  of  the  foregoing  section  is  only  an 
approximate  estimate.    I  do  not  doubt  that  there  are  places,  even  witlriu 
the  Green  River  Basin,  where  there  is  a  true  unconformity  of  strata  at 
or  about  the  junction  of  the  two  groups,  but  I  have  not  had  the  good 
fortune  to  examine  any  such  localities  personally.    In  this  statement 
reference  is  not  made  to  the  great  unconformity  of  the  Wasatch  upon 
the  Laramie  at  the  extreme  western  portion  of  that  geographical  basin, 
or  rather  upon  the  eastern  borders  of  the  Salt  Lake  Basin,  which  will  be 
dweussed  on  following  pages. 

Within  100  feet  above  the  base  of  No.  1  of  the  foregoing  section  I 
found  fragments  of  bones,  probably  those  of  Ayathatnnas  sylrestris 
Cope,  which  is  probably  the  identical  locality  at  which  Professor  Cope 
obtained  his  type  specimens.  I  found  no  invertebrate  fossils  of  any 
fcind  above  No."  2  of  the  section 5  and  it  will  thus  be  seen  that  vertebrate 
remains  of  Cretaceous  type  are  found  above  all  the  invertebrate  fossils 
of  the  Black  Buttes  locality,  and  that  the  former  were  obtained  from 
the  uppermost  portion  of  the  Laramie  Group.  Some  reference  to  the 
dknissions  that  have  taken  place  as  to  the  geological  age  of  these  strata 
vill  be  made  on  a  following  page. 

Before  taking  leave  of  the  Bitter  Creek  series  there  is  an  interesting 
Matter  to  be  considered  in  relation  to  it.  The  existence  of  an  uncon- 
formity of  the  strata  of  the  upper  part  of  the  Laramie  series  upon  those 
of  the  lower  part,  especially  observable  in  the  neighborhood  of  Foint  of 
Bocks,  has  already  been  noticed.  As  already  hinted,  there  are  some  in- 
teresting differences  among  the  fossils  that  respectively  characterize  the 
strata  above  and  below  the  unconformity.  For  example,  in  Bitter  Creek 
Valley  the  typical  forms  of  Corbula  imdifera  are  not  found  above  the 
unconformity,  and  those  of  ft  subundifera,  which  I  now  regard  as  only 
j  &  variety  of  the  first,  are  not  found  below  it.  The  variety  of  Corbula 
**btrujonalis  to  which  Mr.  Meek  gave  the  name  of  ft  tropidophora  is 
'wad  only  below  the  unconformity,  while  that  which  lie  called  ft  crassa- 
Mlijbrmis  is  found  only  above  it.  Melanin  inseulpta,  which  seems  to  dif- 
fer from  M.  vryomingensis  only  in  the  absence  of  the  nodes  or  short 
spines  which  characterize  the  latter,  is  found  only  below  the  uncon- 
r«;  formity,  while  the  last-named  species  is  found  only  above  it.  Also 
V  CorbicMla  cytheriformis  is  found  only  below  the  unconformity,  while  the 
,c  closely  related  form  ft  occidental-is  is  found  only  above  it.  It  would  be 
^c       to°  nmch  to  assume  that  all  the  upper  foiins  here  named  are  the  lineal 
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descendants  of  their  lower  representatives  respectively,  but  the  local 
facts  are  at  least  suggestive  of  some  such  connection.  At  any  rate, 
there  seem*  to  be  no  reason  for  doubt  that  the  change  of  condition  con- 
sequent upon  the  movement  that  caused  the  unconformity  brought 
about  a  corresponding  change  in  the  aqueous  fauna. 

Leaving  the  Bitter  Creek  district,  with  much  that  is  interesting  there, 
to  be  noticed  in  the  closing  discussion,  I  now  return  to  the  Danforth 
Hills,  near  White  Eiver,  and  resume  my  observations,  in  the  order  of 
my  journey,  where  I  left  them  to  consider  the  Bitter  Creek  series. 

*My  journey  upon  leaving  the  Danforth  Hills  was  by  way  of  a  caiion 
that  opens  into  Agency  Park  at  a  pfeint  about  six  miles  directly  south  of 
the  locality  where  I  obtained  the  collection  of  Laramie  fossils,  and  near 
the  western  end  of  the  park. 

In  the  sides  of  this  caiion  appears  the  junction  between  the  Laramie 
and  Fox  Hills  Groups,  the  character  of  which  has  already  been  described. 
Following  down  the  drainage  of  the  cafion  into  the  park,  we  come  upon 
the  Colorado  Group,  and  upon  the  banks  of  White  River  we  find  the 
strata  of  the  Dakota  Group  also.  No  fossils  were  found  in  the  latter, 
but  fragments  of  Inoceramus  deformis  with  Ostra  congesta  were  found  in 
the  former.  About  a  mile  up  from  the  mouth  of  the  caiion  I  obtained, 
from  a  layer  of  the  Fox  Hills  Group,  within  100  feet  of  its  top,  the  fossils 
of  the  following  list  Near  by,  in  the  same  cafion-side,  200  feet  above 
the  layer  just  mentioned  (100  feet  above  the  base  of  the  Laramie  Group), 
I  collected  fragments  of  some  of  the  same  species  of  fossils,  both  vegetable 
and  invertebrate,  that  were  found  to  characterize  the  Laramie  strata  in  the 
hills  five  miles  to  the  northward,  which  have  already  been  discussed.  The 
fact  has  already  been  stated,  that  although  the  plane  of  division  between 
the  Laramie  and  Fox  Hills  Groups  in  this  neighborhood  is  quite  plainly 
recognizable,  it  is  marked  by  no  unconformity,  nor  by  any  such  abrupt 
change  in  the  character  of  the  deposits  as  would  prove  a  break  to  have 
taken  place  in  the  continuity  of  sedimentation.  Thus  we  find  a  purely 
marine  condition  indicated  for  the  origin  of  the  stratum  affording  the 
fossils  of  the  following  list,  and  a  brackish-water  condition  for  that  of  all 
the  strata  which  are  more  than  100  or  200  feet  above  it,  which  condition 
continued  unchanged  through  a  deposition  of  strata  nearly  or  quite  4,000 
feet  in  thickness: 

LIST  OF  CRETACEOUS  FOSSILS  FROM  A  OASfON  SIX  MILES  NORTHWEST  » 
FROM  WHITE  RIVER  INDIAN  AGENCY,  NORTHWESTERN  COLORADO. 

1.  Inoceramus  barabini  Morton. 

2.  Cardium  specioxmn  Meek  &  Hayden. 

3.  Mactra  (Cymbophora)  alia  Meek  &  Hayden. 

4.  Antinomy  on  cent  rale  Meek. 

5.  AcUvon  icoosteri  White! 

0.  Baculites  ovatus  Say. 

NOTES  ON  THE  CRETACEOUS  FOSSILS  FROM  NEAR  WHITE  RIVER  INDIAN 

AGENCY, 

1.  Inoceramus  bambini  Morton. 

Examples  of  this  species  were  found  to  be  quite  abundant  at  some 
places  in  the  fossiliferous  stratum  in  which  they  were  found.  They  seem 
to  agree  well  with  the  typical  forms  of  the  species. 
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IfCardium  speciosum  Meek  &  Hayden. 

This  species  has  not  been  found  so  common  west  of  the  Rocky  Mount- 
ains as  east  of  them.  Besides  this  locality,  I  also  found  it  at  that  of 
DodcLs's  Ranch,  presently  to  be  noticed.  In  these  western  localities  it 
appears  to  possess  all  the  characteristics  of  the  typical  examples.  Its 
presence  here,  associated  as  it  is  with  the  next  following  species,  indi- 
cates that  the  strata  containing  it  are  the  uppermost  of  the  series. 

3.  Maetra  (Cymbophora)  alta  Meek  &  Hayden. 

So  far  as  I  am  aware,  no  example  pf  this  species  has  ever  been  found 
in  any  other  than  the  uppermost  strata  of  the  Fox  Hills  Group.  It  is, 
therefore,  valuable  here  as  indicating  the  highest  horizon  of  the  group ; 
wliich  is  also  indicated  by  the  position  of  the  strata  in  relation  to  those 
of  the  Laramie  Group.  For  remarks  on  this  and  the  two  preceding 
species,  see  foregoing  pages ;  and  for  figures  and  descriptions,  see  vol. 
is,  U.  S.  Geol.  Snr.  Ten-. 

4.  Anisomyon  ccntrale  Meek. 

.  The  examples  found  here  seem  to  be  referable  to  this  species,  but  they 
might  with  equal  propriety  be  referred  to  some  one  of  those  which  Mr. 
Meek  has  described  from  the  Upper  Missouri  River  region,  all  of  whicn 
are  difficult  of  separation.  Anisomyon  appears  to  range  higher  in  the  Fox 
Hills  Group  west  of  the  Rocky  Mountains  than  east  of  them.  I  have 
never  before  found  it  associated  with  either  of  the  two  foregoing  species. 

5.  Actacon  woontcri  White. 

A  single  fragment  was  found,  associated  with  the  fossils  of  the  fore- 
going list,  that  seems  to  belong  to  this  species,  which  has  been  hitherto 
found  only  in  Southern  and  Eastern  Colorado. 

U.  BacuUtes  ovatus  Say. 

It  has  already  been  shown  that  this  species  is  not  known  to  range  to 
the  to])  of  the  Fox  Hills  Group  in  the  Upper  Missouri  lliver  region,  nor  in 
Eastern  Colorado.  Here,  however,  it  is  not  only  found  in  the  uppermost 
rtrata  of  that  group,  but  it  is  associated  with  species  that  are  regarded 
as  especially  characterizing  its  liighest  fossiliferous  horizon. 

These  Danforth  Hills  localities  are  especially  interesting,  because  they 
contain,  in  one  and  the  same  exposure  of  strata,  fossiliferous  horizons  that 
are  respectively  characteristic  of  the  Fox  Hills  and  Laramie  Groups 
within  comparatively  a  few  feet  of  each  other,  and  with  no  unconformity 
uf  strata  between  them.  It  seems,  therefore,  conclusive  that  the  change 
from  a  marine  to  a  brackish  condition  of  the  waters,  and  the  consequent 
total  change  of  aqueous  fauna,  took  place  in  consequence  of  movements 
that  occurred  elsewhere,  but  which  were  not  sufficient  here  to  break  the 
continuousness  of  sedimentation. 

The  structural  geology  of  this  region  having  been  reported  on  by  me 
for  the  year  1870,  all  relating  to  it,  except  matters  of  a  paleontological 
character,  will  be  omitted  from  this  report.  Proceeding  down  the  valley 
of  White  River  a  few  comparatively  unimportant  collections  were  made 
uti  the  way.  The  lirst  of  these  was  made  from  Wasatch  strata  from 
point  to  point  between  Pifion  Ridge  and  Raven  Park,  where  the  upper 
grata  of  that  group  were  found  ex]M>sed  in  the  valley  of  White  River. 
The  fossils  collected  were  not  abundant,  and  consisted  of  only  live  spe- 
cies, most  or  all  of  which  are  known  to  pass  up  into  the  Green  River 
Group  at  other  localities. 

15  o  S 
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LIST  OF  FOSSILS  OF  THE  WASATCH  GROUP  COLLECTED  Hf  WHETS 

RIVER  VALLEY,  COLORADO. 

1.  TJnio  shoshonensis  White. 

2.  TJnio  washaJciensis  Meek. 

3.  Physa  pleromatte  White. 

4.  Goniobasis  tenera  Hall. 

5.  Yivipants  paludineefonnis  Hall. 

NOTES  ON  THE  WASATCH  FOSSILS  OF  WHITE  RIVER  VALLEY. 

1.  TJnio  shoslionensis  White. 

This  species  is  described  in  Powell's  Report  on  the  Geology  of  the 
Uinta  Mountains,  p.  120,  the  types  having  been  collected  from  differ- 
ent poitions  of  the  Green  Ri ver  Group  in  Southern  Wyoming.  Not  only 
this,  but  also  all  the  other  species  of  the  foregoing  list,  except  Physa  ple- 
romatiSy  are  known  to  range  from  the  Wasatch  Group  into,  and  part  of 
them  entirely  through,  the  Green  River  Group. 

2.  Unto  washahiensis  Meek. 

Mr.  Meek  described  this  species  in  the  Ann.  Rep.  U.  S.  Geol.  Sur. 
Terr,  for  1870,  p.  314.  It  is  quite  a  common  species  in  both  the  Wasatch 
and  Green  River  Groups,  but  it  is  seldom,  if  ever,  found  well  preserved. 
Among  typical  examples  of  this  species  were  found  some  that  are  a* 
least  one-third  larger  than  Mr.  Meek's  types.  Being  only  in  the  con- 
dition of  casts,  their  specific  determination  was  not  satisfactory,  and  it 
is  possible  they  represent  a  new  species. 

,*J.  Physa  pleromatis  White. 

This  species  is  described  and  figured  in  vol.  iv,  Expl.  and  Sur.  Wewt 
of  the  100th  Meridian,  the  types  having  been  collected  at  Last  Bluff, 
Utah.  It  is  not  an  uncommon  species  in  the  Wasaleh  Group  in  Utah, 
Wyoming,  and  Colorado.  An  example  found  in  White  River  Valley  is 
remarkably  large,  fully  double  the  size  of  the  type,  and  the  largest  ex- 
ample of  the  genus  known  to  me. 

4.  Goniobasis  tenera  Hall  sp. 

In  Fremont's  Report  on  Oregon  and  North  California,  1845,  Professor 
Ilall  described  and  lignred  Cerithium  tenerum  and  C.  nodalosum,  both  of 
which,  without  doubt,  belong  to  the  genus  Goniobasis,  and  both  are  doubt- 
less of  the  same  species.  G.  tenera  being  the  first  in  order  of  description 
in  that  report,  that  name  is  used  as  the  proper  name  of  the  species.  Jn 
Proc.  Acad.  Nat.  Sci.  Philad.  I860,  Meek  described  a  form  from  Wyo- 
ming under  the  name  of  Melania  simpsom;  and  in  the  Am.  Jour.  Conch. 
18G8,  Conrad  described  another,  from  Wyoming,  under  the  name  of  O. 
carteri,  both  of  which  are  other  synonyms  of  G.  tenera.  In  the  An.  Rep. 
U.  S.  Geol.  Sur.  Terr,  for  1870,  Meek  changed  G.  nodulosum  Hall  sp.  to  G. 
nodulijera,  because  the  former  name  was  preoccupied  by  Lea  for  a  recent 
species.  This  was  unnecessary,  because  both  are  other  synonyms  of 
G.  tenera.  Several  distinct  si>ecies  of  Goniobasis  are  known  to  exist 
in  the  Laramie  Group,  but  so  far  as  I  am  able  to  discern,  only  one 
species  of  that  genus  lias  yet  been  collected  from  either  of  the  three 
great  fresh  water  deposits  of  the  west,  namely,  the  Washakie,  Green 
River,  and  Bridger  Groups.  This  species  is  subject  to  great  interspecific 
variation,  and  is  known  to  range  through  the  greater  part  of  the  Wasatch 
Group ;  through  the  Green  River  Group ;  and  is  believed  to  range  well 
up  into  the  liridger  Group  also.  It  has  even  a  greater  variation  than  is 
indicated  by  the  fact  that  it  has  already  received  three  specific  names, 
-because  a  variety  which  I  collected  at  Tabor  Mountain  in  Southern  Wyo- 
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ming  is  more  spinous  and  otherwise  more  strongly  marked  than  any  ol 
those  other  forms  which  have  received  separate  sj>eeitic  names.    The  ex-  • 
ample*  of  this  species  found  in  the  valley  of  White  River  are  large.  * 
some  of  them  being  more  than  two  inches  in  length,  and  correspond*'* 
with  Hall's  figure  and  description  of  the  variety  nodulosnm  more  nearly  4 

than  the  other  varieties  do. 

• 

5.   Vwipams  paludinaformi*  Ilall  sp.  , 

This  species  was  described  in  the  same  report  together  with  the  pro-  • 
ceding  species  under  the  name  of  Turbo  paludinaformis.     It  is  a  constant  - 
associate  of  (Joniobasis  tenera,  and  at  none  of  the  very  many  localities 
where  I  have  collected  these  two  s]>ecies  I  have  never  found  either  of ; 
them  unaccompanied  by- the  other.    This  species  varies  comparatively 
little,  even  in  the  different  groups  in  which  it  has  been  found.     Only  one  i 
other  species  of  the  genus  lias  yet  been  found  in  either  the  Wasatch, ; 
Green  River,  or  Bridger  Group.    This  is    V.  icyomingcims  Meek,  which 
has  been  found  only  in  the  Bridger  Group.     V.  palwlinafonnvt  appar- . 
eiitly  ranges  up  into  the  lower  portion  of  the  Bridger  Group. 

The  tbssiliferous  horizon  that  furnished  the  fossils  of  the  foregoing 
list  was  also  found  among  the  upturned  strata-  of  Haven  Ridge,  west  of- 
Raven  Park.    The  ridge  has  its  southeastern  end  at  the  western  siuc  of 
Raven   Park  and  its  northwestern  end  near  Section  Ridge,  a  spur  of  * 
Yampa  plateau.     In  the  upper  portion  of  the  Wasatch  Group,  near  vhe : 
northwestern  end  of  Raven  Ridge,  I  obtained  an  abundance  of  spw,i- . 
mens  of  OoniobamH  tenera  and  a  few  of  Viviparw*  paliuUiuvformin.    Near 
the  southeastern  end  of  the  ridge,  and  at  the  same  horizon  1  obtained  a  * 
few  examples  of  both  those  species  together  with  some  of  Unio  icax/ia-  ? 
kienxin  and    U.  shoshtmcniris.    The  Green   River  Group  is  abundantly 
shown  in  this  region,  in  r.11  the  peculiarities  which  characterize  the 
group  at.  its  typical  localities,  and  yet  no  distinct  plane  of  demarkation  ■ 
or  phutt  of  seiMiration  between  it  and  the  Wasatch  Group  coidd  be  any- 
where recognized.  i 

While  passing  down  the  valley  of  White  River  from  Agency  Park  to 
Raven  Ridge  the  strata  of  the  Laramie  Group  came  frequently  under . 
olisevvation.    They  wen*,  there  found  to  possess  all  their  usual  lithologi- 
cal  characteristics,  and  also  to  contain  the  great  abundance  of  plant 
remains  that  was  observed  in  the  Danforth  Hills.    The  only  invertebrate  ' 
fossils,  however,  that  were  found  in  its  strata-  in  that  region  were  occa-  • 
sioual  examples  of  Ostrca  glabra,  which  was  found  to  range  nearly  to  the 
base  of  the  group.     Directly  north  of  Raven  Park  and  about  midway 
between  White  River  and  Midland  Ridge.l  found  numerous  examples  •. 
of  Halysitcs  major  Lesquercux  in  layers  that  belong  either  to  the  base  of 
the  Laramie  or  to  the  top  of  the  Fox  Hills  Group.    The  horizon  is  doubt- 
less precisely  the  same  as  that  at  which  this  fucoid  occurs  at  the  mouth 
of  the  Saint  Vrain's  and  elsewhere  in  Eastern  Colorado. 

From  a  point  on  White  River  about  twenty  miles  below  Raven  Park  ; 
1  crossed  to  Section  Ridge  over  the  broad  bad-land  district  that  lies  to  ; 
the  northward.    The  dip  of  the  Green  River  strata  which  border  the 
lower  portion  of  White  River  Valley  is  gently  to  the  northward  where 
I  traversed  them.    About  eight  or  ten  miles  north  of  White  River  1  found 
them  to  pass  beneath  characteristic  strata  of  the  Bridger  Group,  con- . 
taiiung  fragments  of  mammalian  andchelonian  remains.    These  Bridger 
strata  occupy  only  a  very  small  area  of  surface  in  the  immediate  valley 
of  Red  Bluff  Wash,  and  are  overlaid  by  the  strata  of  the  Uinta  Group, 
which  occupy  the  greater  part  of  the  surface  of  this  bad-land  district 
bordering  Green  River  Valley.    They  rest  unconforinably  upon  strata 
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of  all  ages  in  this  region  from  those  of  the  Colorado  to  the  Bridger  Group, 
inclusive.  As  to  its  unconformity  uikhi  the  Bridger  strata,  however, 
my  observations  south  of  the  Uinta  Mountains  alone  would  not  prove,  but 
1  found  such  unconformity  a  few  years  ago  in  the  valley  of  Snake  liiver, 
north  of  Junction  Mountain. 

Leaving  the  region  of  the  White  and  Yampa  Rivers  I  crossed  Green 
River  by  a  ford  a  few  miles  below  Split  Mountain  and  continued  my 
journey  westward  after  making  some  observations  from  that  mountain 
to  add  to  my  report  for  the  year  1870.  After  crossing  Green  River  I 
spent  some  Time  in  examining  the  geology  of  the  district  on  the  west 
side  adjacent  to  the  southern  base  of  the  Uinta  Mountains,  especially  in 
the  valleys  of  Brush  Creek  and  Ashley's  Fork.  In  this  district,  as  well 
as  in  that  which  lies  immediately  upon  the  other  side  of  Green  River,  I 
made  some  observations  that  have  a  most  important  l>caring  upon  the 
proper  correlation  of  the  different  groups  of  strata  v/hich  geologists  have 
recognized,  but  more  especially  those  of  Cretaceous  age.  In  a  large  part 
of  Colorado,  Wyoming,  and  Utah  the  two  Cretaceous  groups,  which  in  the 
classification  modified  from  that  which  was  originally  adopted  by  Hay- 
den  and  Meek  for  the  Upper  Missouri  River  region  are  designated  as 
the  Colorado  and  Fox  Hills  Groups,  have  been  found  so  constant  in  their 
general  lithological  characteristics  that  field  geologists  have  usually 
made  these  the  basis  of  their  classification  of  the  strata,  often  ignoring 
the  paleontological  features  entirely.  My  own  investigations  have  led 
me  to  the  conclusion  that  the  paleontological  characteristics  of  these 
groups  are  far  more  constant  and  reliable  than  the  lithological,  and  this 
fact  is  especially  exemplified  in  the  district  in  question.  Generally  the 
plane  upon  which  the  Colorado  and  Fox  Hills  Groups  are  separated  is 
marked  by  a  more  or  less  sudden  change  from  a  shaly  or  uncompacted 
sandy  material  below  to  ordinary  stratified  sandstone  above.  A  large 
iwirt  of  the  Colorado  Group,  es[>ecially  toward  its  biise,  is  also  usually 
made  up  of  bluish  clayey  and  sandy  shales,  with  usually  a  horizon  of 
bluish  fissile  shales  at  or  very  near  the  base  of  the  group;  Often,  how- 
ever, the  lithological  change  from  the  Colorado  to  the  Fox  Hills  Group 
is  very  obscure,  the  sandy  shales  of  the  lower  group  extending  far  up 
into  the  upper  one. 

In  the  district  adjacent  to  Green  River,  at  the  southern  ba«e  of  the 
Uinta  Mountains,  more  than  half  the  thickness  of  the  Fox  Hills  Group  is 
inseparable  from  the  Colorado  Group  by  lithological  characters,  and 
their  separation  is  thus  practicable  only  by  means  of  their  respectively 
characteristic  fossils.  It  is  true  that  the  relative  thickness  of  these  two 
groups  varies  very  considerably  in  different  districts,  and  this  fact  is 
never  more  plainly  or  truthfully  shown  by  lithological  than  by  paleonto- 
logical features.  In  short  there  is,  as  a  rule,  in  all  the  groat  western 
region,  a  distinctly  recognizable  paleontological  horizon  separating  the 
two  groups  in  question,  irrespective  of  lithological  variation,  above  and 
below  which  certain  species  respectively  do  not  pass.  For  example,  on 
both  sides  of  the  Rocky  Mountains  I  have  found  Inoceramm  dtformis 
Meek,  J.  problematic^  Schlotheim,  and  (htrca  amyesta  Conrad  quite 
common  if  not  abundant  in  the  Colorado  Group,  while  none  of  the  Creta- 
ceous species  of  any  of  the  foregoing  lists  in  this  report  have  been  found 
in  that  group,  but  all  belong  above  it.* 

*  In  my  report  upon  tin*  invertebrate  fossils  of  Professor  Powell's  collections,  iu  chap- 
ter III  of  his  Geology  of  the  Uinta  Mountains,  a  considerable  number  of  the  Crrfaceous 
species  there  discussed  are  referred  to  the  Colorado  Group  (  =  Sulphur  Creek  Group  of 
Powell),  which  I  have  now  no  doubt  properly  bdong  to  the  Fox  Hills  Group  (  =  Salt 
Wells  Group  of  Powell).  The  error  made  by  the  collectors,  of  referring  the  fossils  to 
wrong  groups,  no  doubt  occurred  in  consequence  of  the  lithological  changes  that  have 
taken  place  in  their  strata,  which  has  just  been  explained. 
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In  the  valley  of  Brush  Creek  I  observed  several  more  or  less  massive 
layers  of  sandstone  distributed  in  the  softer  layers  of  the  Colorado  Group, 
the  like  of  which  I  have  not  seen  elsewhere  in  that  group.  Just  north 
of  Dodds's  Ranch,  in  the  valley  of  Ashley's  Fork,  a  high  hogback  of 
sandstone  rises  up  toward  the  flank  of  the  mountains  from  the  valley- 
plain  of  that  stream.  As  one  approaches  it  by  going  up  the  valley  it  has 
the  appearance  of  the  usual  hogback  of  the  Dakota  Group,  which  appears 
almost  everywhere  at  the  flanks  of  the  mountains,  especially  as  the  plain 
is  known  to  be  in  part,  and  so  far  as  the  litkological  characters  of  the 
strata  can  be  observed  beneath  the  surface  debris  it  appears  to  be 
wholly,  occupied  by  the  strata  of  the  Colorado  Group.  In  fact,  however, 
as  proved  by  the  fossils,  a  large  part  of  the  valley -plain  is  occupied  by 
strata  of  the  Fox  Ilills  Group  which  are  as  soft  and  easily  eroded  as  those 
of  the  Colorado  Group  are ;  and  the  hogback  referred  to  constitutes  the 
lower  portion  of  the  former  group.  From  the  strata  of  this  hogback  I 
collected  the  following  fossils : 

LIST  OF  CRETACEOUS  FOSSILS  AT  DODDS'S  RANCH  ON  ASHLEY'S  FORK, 

UTAH. 

1.  Inoceramus  howelli  White. 

2.  Cardium  speciosum  Meek  &  Hayden  ? 

3.  Mactra  (Cymbophora)  icarrenana  Meek  &  Hayden. 

4.  Anchura ? 

NOTES  ON  THE  CRETACEOUS  FOSSILS  FROM  ASHLEY'S  FORK. 

1.  Inoceramus  howelli  Wliite. 

This  species  was  originally  discovered  by  Mr.  E.  E.  Ilowell  in  South- 
ern Utah,  and  was  described  by  me  in  Powell's  Report  on  the  Geology 
of  the  Uinta  Mountains,  p.  114,  where  it  wjis  referred  to  a  much  lower 
horizon  than  it  is  now  believed  to  occupy.  It  is  redescribed  and  illus- 
trated in  another  part  of  this  volume. 

2.  Cardium  speciosum  Meek  &  Hayden. 

Some  casts  of  a  Cardium  in  soft  sandstone  were  found  among  the 
other  specimens  that  seemed  to  belong  to  this  species,  but  they  are  too 
imperfect  to  allow  of  satisfactory  determination.  If  they  really  belong 
to  this  species  it  has  here  as  low  a  range  in  the  Fox  Ilills  Group  as  it 
was  found  to  have  in  Eastern  Colorado,  which,  however,  is  not  improb- 
able. 

3.  Mactra  (Cymbophora)  warrenana  Meek  &  Hayden. 

Although  the  examples  found  here  are  in  the  form  of  casts,  their  iden- 
tity with  this  species  seems  hardly  questionable.  For  further  remarks 
on  this  and  the  next  preceding  species,  see  notes  on  the  fossils  of  the 
Fox  Hills  Group  in  Colorado,  east  of  the  liocky  Mountains. 

4.  Anchura— - 1 

Some  casts  only  of  this  species  were  found,  and  they  are  too  imperfect 
for  speciiic  determination.    They  probably  belong  to  A.fusiformix  Meek. 

These  fossils,  although  imperfect,  are  too  clearly  characteristic  of  the 

Fox  Hills  Group  to  admit  of  doubt  as  to  the  age  of  the  strata  containing 

them.    To  the  north  of  the  hogback,  composed  of  these  strata,  those  of 

the  Colorado  and  Dakota  Groups  are  seen  to  rise  successively,  and  to  rest 

m  order  upon  the  Jura-Trias.    Both  the  Colorado  and  Dakota  Groups, 

«peeU%  the  former,  are  here  of  much  less  than  their  usual  thickness, 
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but  tbey  arc  unmistakable  in  their  litliologieal  characteristics,  and  yet 
the  latter  does  not  here  form  a  hogback  as  it  usually  does  elsewhere. 

Proceeding  westward  from  Ashley's  Fork  my  journey,  after  the  first 
.three  or  four  miles,  was  over  the  Uinta  Group  until  we  reached  Lake 
Fork.  This  group  is  much  more  extensively  developed  in  this  region 
than  I  have  anywhere  seen  it  before.  It  is  many  hundred  feet  in  thick- 
ness, and  it  is  qiute  as  regularly  stratified  as  any  of  the  other  fresh  water 
.Tertiary  deposits  of  the  West.  In  some  places,  as  for  example,  in  the 
vicinity  of  Green  River,  south  of  the  Uinta  Mountains,  it  is  largely 
composed  of  soft,  bad-land  sandstones,  having  a  general  reddish  color. 
But  further  westward  it  assumes  a  somewhat  darker  hue  and  character 
of  quite,  regularly  bedded  sandstones,  some  of  which  are  soft,  but  many 
of  the  strata  are  firm  and  even  massive.  At  Wonsitz  Ridge,  four  miles 
west  of  Dodds's  Ranch,  it  rests  unconformable*  upon  the  Laramie  Group, 
and  at  Lake  Fork  on  the  Uinta  and  Salt  Lake  trail,  some  forty  miles 
further  west,  it  is  found  to  rest  upon  the  Bridger  Group,  as  it  was  shown 
to  do  near  White  River,  in  my  report  for  187(5. 

No  fossils  of  any  kind  were  found  by  myself  in  the  Unita  Group  this 
year,  but  in  1873, 1  obtained  a  Phym  from  it  in  the  valley  of  Snake  River, 
a  few  miles  above  Junction  Mountain.  The  Tinea  Group,  as  already 
shown,  is  regarded  as  equivalent  with  the  Brown's  Park  Group  of 
Powell ;  and  it  is  probably  also  equivalent  with  the  Lake  Beds  of  Middle 
Park. 

Three  or  four  hundred  feet  in  thickness  of  the  strata  of  the  Bridger 
Group  are  exposed  in  the  valley  side  of  Lake  Fork,  which  have  there  all 
the  peculiar  litliologieal  characteristics  which  they  possess  at  the  typical 
localities  north  of  the  Tinta  Mountains,  even  including  the  various  tints 
of  coloration  and  the  style  of  weathering  of  the  bad-land  sandstones  of 
which  I  he  formation  is  largely  composed.  From  these  strata  1  made  a 
very  good  collection  of  vertebrate  fossils,  consisting  of  Ganoid,  Cheloniaii 
and  Mammalian  remains,  but  the  only  in  vertebrate  form  I  discovered 
was  the  well  known  VlanorbiH  Utahenaia  Meek  (=  P.  ftptrfobi'/iVMeck.) 

Following  the  trail,  the  course  of  which  lies  south  of  the  wagon-read, 
to  the  east  fork  of  the  Duchesne,  I  found  near  the  crossing  some  limited 
exposures  of  Bridger  strata  in  its  valley  side,  with  those  of  the  Uinta 
Group  resting  upon  them,  but  I  obtained  no  fossils  there.  Still  follow- 
ing the.  obscure  trail  before  mentioned,  our  journey  from  the  east  fork 
of  the  Duchesne  to  the  main  stream  was  over  sandy  barrens  with  here 
and  there  an  exposure  of  sandstone.  Upon  reaching  the  latter  stream 
I  found  it  to  run  in  a  canon  or  deep  monoclinal  valley  excavated  out  of 
tlw  Green  Biver  Group.  The  dip  of  these  strata  at  the  valley  where  I 
examined  it  is  three  or  four  degrees  to  the  northward  or  northeastward, 
but  as  they  are  seen  in  the  high  hills  south  of  the  valley  the  dip  seems 
to  be  considerably  more  there.  This  dip  seems  to  be  part  of  a  broad 
accessory  fold,  subordinate  to  the  Uinta  Mountain  uplift,  by  which  these 
Green  Biver  strata  have  risen  from  beneath  those  of  the  Bridger  Group 
that  were  seen  on  Lake  Fork  and  the  east  fork  of  the  Duchesne.  No 
fossils  were  found  in  these  Green  Biver  strata  although  diligent  search 
was  made,  but  the  litliologieal  characteristics  are  the  same  as  they  are 
at  the  typical  localities  north  of  the  Uinta  Mountains,  the  upper  and 
lower  divisions  of  the  group  being  plainly  recognizable.  The  thickness 
of  the  group  as  seen  in  this  region  is  estimated  at  about  1,000  feet,  but 
HVs  the  base  was  not  visible  where  the  upper  division  was  observed,  the 
entire  thickness  of  the  group  here  is  probably  equal  to  that  winch  it 
attains  at  the  typical  localities.  The  canon  of  the  Duchesne,  where  I 
observed  it,  has  high  precipitous  sides,  and  is  in  all  respects  like  that 
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of  the  lower  portion  of  White  Biver,  which  is  cut  through  the  same 
formation. 

Continuing  my  journey  I  proceeded  up  the  north  valley  side  of  the 
Duchesne  to  the  first  creek  that  comes  into  it  from  the  northward,  and 
then  up  the  valley  of  that  creek  to  the  wagon-road.  None  but  Green 
River  strata  were  seen  on  the  way  until  we  reached  a  point  two  or  three 
miles  south  of  the  wagon-road,  where  strata  that  appear  to  be  the  top 
of  the  Wasatch  Group  were  seen.  At  and  in  the  vicinity  of  the  j>oiut 
where  the  wagon-road  crosses  the  creek  the  Uinta  Group  is  seen  to  rest 
uuconformably  upon  the  Green  River  Group,  the  latter  having  been 
somewhat  tilted  and  in  some  places  much  eroded  before  the  deposition 
of  the  hitter. 

After  leaving  the  valley  of  the  Duchesne  only  a  few  important  obser- 
vations were  made  concerning  the  structural  geology  of  the  region 
traversed  between  there  and  Salt  Lake,  and  no  fossils  were  obtained 
from  any  of  the  strata  over  which  we  passed.  All  along  the  southern 
flank  of  the  Uinta  Mountains  drift  phenomena  were  observed,  similar  to 
those  already  noticed  as  observable  along  the  eastern  flank  of  the  Rocky 
Mountains  and  in  Middle  Park  ;  and  also  similar  to  those  at  the  western 
base  of  the  Kocky  Mountains,  which  are  discussed  at  some  length  in  my 
report  for  1876.  The  bowlders  and  pebbles  composing  the  drift  found 
along  the  southern  tiank  of  the  Uinta  Mountains  is  comjM>sed  entirely  of 
the  rocks  that  make  up  the  bulk  of  those  mountains.  There  being  no 
granite  in  that  range,  of  course  none  is  found  in  the  drift  along  its  flanks, 
wherein  it  differs  materially  from  that  which  is  distributed  along  both  the 
eastern  and  western  flanks  of  the  Kocky  Mountains,  which  are  largely 
composed  of  granite.  The  drift  is  found  almost  everywhere  distributed 
u|H>n  the  surface,  upon  the  uplands  and  valleys  alike.  In  some  places 
it  is  abundant,  and  in  others  almost  wanting.  The  terraces  are  all  more 
or  less  strewn  with  it,  especially  their  abrupt  sides.  The  beds  of  the 
streams  are  often  so  thickly  covered  with  its  bowlders  as  to  make  cross- 
ing by  our  animals  both  difficult  and  dangerous. 

Some  of  the  terraces  along  the  flanks  of  the  Uinta  Mountains  are  quite 
conspicuous  objects,  their  upper  surfaces  having  a  very  gentle  slope  away 
from  the  foothills.  The  upper,  flat,  gently  sloping  surface  is  apparently 
due  to  erosion  and  not  to  aqueous  deposition,  because  the  deposit  of 
gravel  and  bowlders  upon  it  is  generally,  if  not  always,  thin,  while  sim- 
ilar surfaces  are  produced  indiscriminately  upon  the  strata  of  the  Col- 
orado to  the  Uinta  Groups  inclusive.  Moreover  the  surfaces  of  these 
terraces  have  a  general  correspondence  with  each  other,  while  the  strata 
out  of  which  they  are  carved  arc  tilted  at  various  angles. 

Leaving  our  camp  at  the  wagon-road  crossing  of  the  creek  before 
referred  to,  our  way  westward  was  along  the  line  of  strike  of  the  Uinta 
Group,  the  dip  being  gently  to  the  southward.  Not  far  to  the  southward 
a  line  of  hills  was  seen,  parallel  with  our  course,  which  are  doubtless 
mainly  composed  of  strata  of  the  Greeu  River  Group;  but  I  lost  sight 
of  that  formation  after  crossing  Red  Creek.  After  crossing  this  creek 
we  came  upon  strata  that  are  doubtless  of  Cretaceous  age,  but  these 
were  soon  passed,  and  none  but  Uinta  strata-  were  seen  on  our  way  until 
we  reached  the  head  of  Strawberry  Valley.  From  this  valley  our  way 
was  again  over  strata  of  the  Uinta  Group  to  Provo  Valley,  by  way  of 
Daniel's  Canon.  This  canon  is  a  long,  deep  gorge  between  high  hills, 
which  are,  according  to  King,  composed  of  Uinta  strata.  They,  how- 
ever, differ  considerably  in  lithological  character  from  any  of  those  of 
that  formation  which  I  have  hitherto  observed.    Hie  rock  is  of  a  slightly 
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yellowish-gray  color,  and  although  its  stratification  is  regular,  it  seen* 
to  have  undergone  some  degree  of  inetamorphism. 

From  Provo  Valley  our  journey  was  by  the  wagon-road  to  Salt  Lake 
City.  At  the  museum  in  the  city  Mr.  Barfoot  showed  me  some  fossils 
that  had  been  collected  at  different  places  in  the  Territory,  among  which 
I  recognized  some  of  the  species,  specimens  of  which  were  brought  from 
Upper  Kanab,  Southern  Utah,  by  Professor  Powell,  whence  these  also 
are  reported  to  have  come.  After  renewing  my  outfit  at  Salt  Lake  City 
I  turned  eastward,  going  by  way  of  Parley's  Park,  to  Coalville,  on  Weber 
River,  where  a  large  series  of  fossilifcrous  Cretaceous  strata  is  exposed. 

In  the  An.  Rep.  U.  S.  Geol.  Sur.  Terr,  ibr  1872,  p.  439,  Mr.  Meek  gives, 
as  the  result  of  his  investigations  in  Weber  Valley,  a  detailed  section  of 
the  strata  exposed  there,  from  the  vicinity  of  Coalville  to  Echo  Cafion. 
This  section  was  found  to  represent,  with  sufficient  accuracy,  the  Creta- 
ceous strata  of  that  vicinity,  except  that  there  seems  to  be  in  it,  near  the 
southeastern  end,  some  duplication  of  strata,  doubtless  caused  by  the 
presence  of  a  fault  there.  This,  however,  does  not  seriously  impair  the 
usefulness  of  the  section.  About  3,000  feet  in  thickness  of  these  strata 
are  fossilifcrous,  many  of  them  profusely  so.  The  following  list  com- 
prises only  those  that  have  been  found  within  the  compass  of  this  section, 
in  the  neighborhood  of  Coalville. 

The  greater  part  of  the  sj>ecies  of  the  following  list  were  published  by 
the  late  Mr.  Meek  in  the  Am.  liep.  U.  S.  Geol.  Sur.  Terr,  for  1872;  and 
vol.  iv  U.  S.  Geol.  Sur.  40th  Parallel.  Other  publications  of  a  part  erf 
them  were  made  by  myself  in  vol.  iv  U.  S.  Sur.  &  Expl.  West  of  100th 
Meridian,  Powell's  Report  on  Geol.  Uinta  Mts.,  and  in  another  part  of 
the  present  volume. 

LIST  OF  FOSSILS  FROM  THE  CRETACEOUS  SERIES  AT  COALVILLE,  UTAH. 

1.  (htrea  solenicm  Meek. 

2.  (htrea  eoalviUennis  Meek.* 

3.  (htrea  congesta  Conrad  ! 

4.  (htrea  (Alectryonia)  sannionis  Whito.t 

5.  Gryphuja f 

0.  Anomia f  9 

7.  Vtvria  (Pseudoptera)  rhytopliora  Meek.t 

8.  Vtvria  (Pseudoptcra)  propleura  Meek. 

9.  Pteria  gaatrodes  Meek.t 

10.  1 iioceramus  problematlcus  Sehlotheim.  { 

11.  InoceramuH  erectus  Meek.* 

12.  inoeeramus ? 

13.  Pinna f 

14.  Vohella  (Braehydontts)  multilinigera  Meek. 

15.  Barbatia  coalviUenm*  White.t 
10.  Maerodon f 

17.  (mo f 

18.  Lucina f 

10.  Cardinm  eurtum  Meek  &  ITayden.* 

20.  CardiuiH  Hubcurtum  Meek.* 

21.  ( 'yrcna  ea rleton  i  Meek. 

22.  Cyprimeriat  subalatu  Meek.* 


'Figured  in  vol.  iv  U.  8.  Geol.  Sur.  40th  Parallel.     (King.) 

t  Figured  in  another  part  of  thin  volume. 

t  Figured  in  vol.  iv  Expl.  <fc  Sur.  West  of  40th  Meredian  (Whcolcr).  Tho  other  spe- 
cies not  vet  figured,  but  they  are  all  described  or  noticed  in  An.  liep.  U.  S.  Geol.  Sur. 
Terr,  for  187*. 
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£3.  Tettinaf  famema  Meek.* 

24.  Tetlinaf  modestaMeek* 

25.  Tdlina  (Arcopagia)  utahensis  Meek.* 
98.  Corbula  nematophora  Meek.t$ 

27.  Corbula  dubiosa  White.* 

28.  Martema 1 

29.  Melampus  ant iquus  Meek. 

30.  Physa  carletoni  Meek.t 

31.  Physa tt 

32.  Neritina  bannisteri  Meek. 

33.  Neritina  pisum  Meek.t 

34.  Neritina  piriformis  Meek. 

35.  Neritina  ( Velatella)  bellatula  Meek. 

36.  Neritina  ( Velatella)  carditoides  Meek. 

37.  Neritina  (Velatella) pa telUformis  Meek.t 

38.  Neritina  ( Velatella)  patelliformis  var.  tceberensis  White.t 

39.  Ewtpira  coalvillensis  Wbite.t 
4ft.  Oyrodes  depressa  Meek.* 

41.  Anchura  fusiformis  Meek.* 

42.  Turritella  coalvillensis  Meek.t 

43.  Tnrritella  spironema  Meek. 

44.  Turritella  (Artist)  micronema  Meek.t 

45.  Turbonilla  (Chemnitzia?)  coalvillensis  Meek.t 

46.  Eulimellaf  inconspicua  Meek. 

47.  Eulimella  t  chrysalis  Meek. 

48.  Eulimellaf funicula  Meek.t 

49.  Yalrata  nana  Meek. 

50.  Fusus  (Neptuneat)  gabbi  Meek.t 

51.  Fusus  (Neptuneat)  utahensis  Meek. 

52.  Admetopsis  rliomboides  Meek.t 

53.  Admetopsis  gregaria  Meek.  J 

54.  Admetopsis  subfusiformis  Meek.t 

55.  Baculites  avatus  Say! *f 

NOTES  ON  THE  CRETACEOUS  FOSSILS  OF  COALVILLE,  UTAH. 

!•  Ostrea  soleniscus  Meek. 

This  remarkable  oyster  ranges  through  something  more  than  the  upper 
Wf  of  the  fossiliferons  series  that  is  exposed  in  the  vicinity  of  Coalville. 
So  far  as  I  am  aware  it  has  been  found  only  in  the  region  bordering  the 
^tcm  flank  of  the  Wasatch  Mountains. 

•*■  Ostrea  coalvillensis  Meek. 

This  K]>ecies  is  very  much  like  the  forms  of  0.  glabra  which  are  found 
*J  Point  of  Rocks  Station  and  elsewhere  in  the  Laramie  Group,  to  which 
**•  Meek  gave  the  name  of  O.  icyomingensis.  It  is  assumed  to  be  of  a 
jjjffcrent  species  because  of  its  known 'difference  of  geological  position, 
tort  comparatively  little  is  known  concerning  it,  as  only  a  few  examples 
tovc  beeu  found. 

3-  Ottrca  congesta  Conrad! 
Numerous  examples  of  a  small  oyster  were  found  attached  to  the  large 


•1.V 


Vijnirwl  in  vol.  iv  U.  S.  Geol.  Sur.  40th  Parallel     (King.) 
figured  in  anotherpart  of  this  volume. 

»HgQtcd  in  vol.  iv  I&cpl.  &  Sur.  Wesfrof  100th  Meridian  (Wheeler).    The  other  spe- 
2*  not  yet  figured,  but  they  are  aU  described  or  noticed  in  An.  Rep.  U.  S.  Geol.  Siw. 
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examples  of  Inoceramus  erectus  Meek,  which  were  obtained  from  No.  24  of 
Mr.  Meek's  section,  at  the  upper  part  of  the  fossiliferous  series.  It  in 
difficult  if  not  impossible  to  say  how  it  differs  from  0.  congeota  Conrad; 
and  its  identity  with  that  species  is  still  further  suggested  by  the  simi- 
larity if  not  identity  of  I.  erectus  with  7.  deformis  Meek  of  the  Colorado 
Group,  which  is  usually  found  to  have  lived  cominensally  with  0.  con- 
yesta,  as  the  Ostrca  in  question  is  seen  to  have  done  with  I.  erectus.  It 
was  for  these  reasons  aud  tor  the  want  of  access  to  types  or  illustrations 
that  1  referred  this  Ostrca  and  its  commensal  Inoceramus  to  0.  congesta 
and  /.  deform  Is  respectively,  in  Powell's  Report  on  the  Geology  of  the 
Uinta  Mountains,  p.  99. 

4.  Ostrca  (Alectryonia)  sannionis  White. 

This  welbeharactcrized  species  has  been  found  only  at  Coalville,  and 
only  in  the  strata  representing  the  space  between  Nos.  18  and  19  of  Mr. 
Meek's  section. 

5.  Gryphwa 1 

Only  a  couple  of  imperfect  examples  of  this  species  were  found,  but  it 
seems  to  be  properly  a  Gryphca.  If  so,  it  is  interesting  as  occurring  at 
a  higher  horizon  than  usual  in  the  Cretaceous  series  of  the  West.  It 
occurs  in  No.  11  of  Mr.  Meek's  section,  with  many  other  species. 

0.  Anomia f 

Some  fragments  of  an  Anomia  were  found  associated  with  the  last- 
named  species,  and  Mr.  Meek  also  mentions  the  occurrence  of  one  hi  No. 
17  of  his  section,  where  it  is  associated  with  brackish-  and  fresh-water 
forms,  intermixed  with  some  marine  forms. 

7,  8,  and  9. 

These  three  species  of  Pteria  are  from  the  second  ridge  represented  in 
Mr.  Meek's  section ;  and,  so  far  as  1  am  aware,  neither  of  them  have  been 

found  elsewhere. 

» 

10.  Inoceramus  problcmat ictus  Schlotheim. 

Meek  reports  this  species  from  No.  7  of  his  section,  near  the  village. 
1  found  the  same  at  Old  Hear  River  Citv,  thirtv-tive  miles  to  the  north- 
wistward,  associated  with  species  that  occur  in  the  second  ridge  at  Coal- 
ville, the  strata  of  which  are  considerably  higher  in  the  series  than  those 
from  which  Mr.  Meek  obtained  his  specimens.  The  former  horizon  is 
certainly  within  the  limits  of  the  Fox  Ilills  Group,  while  the  latter  pos- 
sibly fails  within  those  of  the  Colorado  Group. 

1 1 .  Inoccram  us  erectus  Meek. 

It  is  this  species  that  has  already  been  referred  to  under  the  head  of 
No.  3,  as  (1  i tiering  but  little  from  7.  deformis.  In  the  classification  adopted 
in  Powell's  lteport  on  the  Geology  of  the  Uinta  Mountains,  I  referred  the 
strata  containing  this  species  to  the  base  of  the  Laramie  Group  (=Point 
of  Hocks  Group  of  Professor  Powell).  At  that  time  it  was  not  uncom- 
mon for  different  geologists  to  include  some  of  the  uppermost  marine 
Cretaceous  strata  in  the  Laramie  Group.  Now,  however,  I  never  inten- 
tionally include  any  truly  marine  strata  in  that  group. 

12.  Inoceramus ? 

See  remarks  under  No.  29. 

l:J.  Pinna ? 

Known  only  by  fragments  discovered  by  Mr.  Meek* 
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14.  VolseUa  {Brachydontes)  multilinigcra  Meek. 

This  species  was  fouud  in  the  sandstones  of  the  first  ridge  at  Coalville. 
I  have  also  found  examples,  probably  of  the  same  species,  in  apparently 
equivalent  strata,  in  the  valley  of  Bear  liiver,  some  thirty-five  miles  to 
the  northeastward  of  Coalville. 

13.  Barbatia  coalvillcnsis.  White. 

A  considerable  number  of  examples  of  this  secies  were  also  found  in 
the  sandstones  of  the  tirst  ridge  shown  in  Mr.  Mcek's  section.  It  seems 
never  to  have  been  discovered  elsewhere. 

H>.  Macrodan 1 

The  examples  referred  by  Mr.  Meek  to  Macrodon  have  never  l>een  seen 
by  me.  An  iini>eriect  example  found  by  me,  and  Apparently  referable 
to  this  genus,  indicates  a  rather  large  elongate  species. 

17.  Uuio f 

See  remarks  under  head  of  No.  20. 

18.  Lucina— 1 

The  few  examples  found  were  obtained  from  No.  3  of  Meek's  section. 
They  seem  to  indicate  a  species  closely  allied  to,  if  not  identical  with, 
L.  xubundata  Hall  &  Meek. 

10.  Cardiumcurtum  Meek  &  Hayden. 

The  proper  horizon  of  the  types  of  this  species,  which  were  obtained 
by  Dr.  Hayden  on  the  Oros  Ventres  Kiver,  Wyoming,  seems  not  to  have 
been  aieertained.  It  is  therefore  of  no  present  value  for  the  purpose  of 
<*orrelating  those  strata  with  those  which  contain  this  species  at  Coalville. 

30.  Cardium  subcurtum  Meek. 

Besides  the  specimens  obtained  from  No.  3,  of  Meek's  section,  I  ob- 
tained others  from  some  of  the  sandstones  of  the  third  ridge,  which  is 
much  higher  in  that  series.  I  also  obtained  some  examples  of  it  near 
Old  Hear  liiver  City,  which  were  associated  with  forms  which  indicate 
that  the  strata  there  belong  to  the  Fox  Hills  Group. 

21.  Cyrena  carletoni  Meek. 

The  differences  between  the  recognized  genera  Cyrena  and  Corbicula 

are  so  slight  as  to  be  of  doubtful  generic  importance  as  regards  fossil 

shells.     I  am  not  acquainted  with  any  species  from  the  Cretaceous  strata 

uf  the  West,  except  the  one  in  question,  that  is  referable  to  either  of 

these  generic  forms,  the  examples  of  which  have  the  hinge  so  perfectly 

preserved  as  to  show  the  crenulations  of  the  lateral  teeth  if  they  had 

*ver  existed.    I  have,  therefore,  referred  all  such  to  Cyrena,  although 

in  outward  form  they  closely  resemble  some  of  those  Laramie  shells  that 

1  refer  to  Corbicula.    This  sj>ecies,  however,  seems  to  have  been  entirely 

without  crenulations  of  the  lateral  teeth,  and  Mr.  Meek  has  no  doubt 

correctly  referred  it  to  Cyrena.    As  to  its  associates,  see  remarks  under 

So.  25). 

C  Vyprimcria  t  subalata  Meek. 

The  examples  of  this  and  the  three  following  species  collected  by  me 
•fford  no  farther  information  concerning  their  characteristics  than  is  re- 
wwtedby  Mr.  Meek  in  vol.  iv.,  U.  S.  Geol.  Sur.  40th  Parallel. 

23.  Tellina  t  uonema  Meek. 
See  remarks  under  No.  22. 
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24.  ZUffaf  mofotta  Meek, 
See  remarks  under  No.  22. 

25.  TeUina  (Areopagia)  mtahensis  Meek. 
See  remarks  under  No.  22. ' 

26.  CorlnUanematophora'&Gek. 

Meek  reports  the  type  specimens  of  this  species  from  SoutherptTtak. 
I  figured  on  example  from  that  region  in  voL  iv,  tJ.  S.  ExpL  and  Son, 
West  of  the  100th  Meridian,  which  is  probably  of  this  species.  Hie 
examples  that  I  have  referred  to  at  Coalville  were  found  associated  with 
true  marine,  and  not  brackish-water,  forms ;  as  is  also  the  following 
species.  A  figure  of  Mr.  Meek's  type  is  also  given  in  another  part  of 
this  volume. 

27.  Corbvla  dubiosa  White. 

Found  also  in  the  valleys  of  Bear  Biver  and  Sulphur  Greek.  See  notes 
on  Cretaceous  fossils  of  Bear  River  Valley. 

28.  Martesia f 

Too  imperfect  for  specific  determination. 

29.  Melampus  antiquum  Meek. 

In  No.  16  of  Mr.  Meek's  section,  which  he  found  exposed  in  Garletonfe 
coal-mine  about  two  miles  southwestward  from  Coalville,  he  discovered 
a  very  interesting  group  of  fossils,  being  Nos.  12, 17,  21,  29. 30,  32, 35, 
36,  46,  47,  and  49  of  the  foregoing  list.  Soon  after  his  visit  there  1Kb 
mine  was  abandoned  and  the  fallen  d<&ri*  has  so  obscured  the  strata  that 
no  further  collections  from  them  have  ever  been  made.  Neither  has  any 
discovery  of  this  deposit  ever  been  made  in  the  neighborhood  or  else- 
where, although  one  or  two  of  the  species  have  been  doubtfully  identi- 
fied from  Cretaceous  strata  elsewhere  in  Utah.  Two  of  these  eleven  spe- 
cies of  mollusks,  Nos.  29  and  30,  are  palustral  or  littoral  pulmonale* ; 
two,  Nos.  17  and  49,  are  fresh-water  branchifers ;  four,  Nos.  21,  32,  35, 
and  36  are  brackish-water  forms,  and  the  remaining  three  species,  Not. 
12,  46,  and  47,  may  be  regarded  as  marine  forms.  To  the  latter  may  be 
added  a  Cardium,  mentioned  by  Mr.  Meek,  but  not  enumerated  in  the 
foregoing  list;  and  to  either  the  brackish  or  marine  forms  may  be  added 
the  Anomia,  also  mentioned  by  Mr.  Meek  as  occurring  with  the  others 
This  last-named  species  may  be  identical  with  the  one  found  by  myself 
in  the  sandstones  of  the  second  ridge  and  mentioned  under  the  head  of 
No.  6 ;  but  it  is  probably  not  the  same. 

This  mixture  of  palustral,  fresh-  and  brackish-water  and  marine  mol- 
lusks may  be  taken  to  indicate  an  estuary  origin  of  the  strata  containing 
them,  although  a  somewhat  similar  admixture  is  found  in  a  large  pan 
of  tlie  Laramie  Group,  extending  over  an  area  so  wide  as  to  make  it 
certain  that  these  deposits  at  least  were  made  in  a  large^  brackish- water 
sea.  However,  the  evidently  limited  extent  of  this  Coalville  deposit,  and 
the  presence  in  it  of  so  large  a  proportion  of  marine  forms,  may  be  re- 
garded as  almost  certainly  indicating  its  true  estuary  origin.  This  view 
is  also  supported  by  the  evidence  that  a  western  shore-line  to  the  Cre- 
taceous sea  existed  not  tar  distant  from  this  locality.  The  Physa,  No.  31 
of  the  list,  was  found  among  the  marine  forms  of  the  sandstones  of  the 
second  ridge  of  Mr.  Meek's  section.  This  also  indicates  a  then  neighbor- 
ing shore-line,  but  not  necessarily  an  estuary ;  but  the  presence  of  brack- 
ish- and  fresh- water  branchiferous  mollusks,  as  in  No.  16  of  that  section, 
seems  to  plainly  indicate  an  estuary  origin  of  the  strata  containing  them. 
These  last-named  mollusks,  as  well  as  their  pulmonate  associates,  are 
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remarkably  modern  in  type,  and,  seen  separately,  and  without  any  knowl- 
edge to  the  contrary,  no  paleontologist  would  be  warranted  in  referring 
them  to  an  earlier  period  than  the  Tertiary. 

.  The  evidence  of  their  Cretaceous  age,  however,  is  unquestionable, 
there  being  more  than  1 ,000  feet  in  thickness  of  marine  Cretaceous  strata 
resting  upon  them ;  and  more  than  an  equal  thickness  of  Cretaceotis 
strata  lies  beneath  them. 

30.  Physa  carletoni  Meek. 

The  figure  of  tliis  species  in  another  part  of  this  volume  shows  plainly 
it«  modern  type.  For  further  remarks  concerning  it  and  its  associates, 
see  No.  20. 

31.  Phym 1 

This  is  possibly  identical  with  P.  carletoni.  See  a  figure  of  it  in  another 
]wtrt  of  this  volume  ;  and  also  remarks  under  No.  29. 

32.  Xeritina  bannistcri  Meek. 

This  is  apparently  a  typical  'Xeritina.  See  under  No.  29  for  general 
remarks  upon  its  associates. 

.'13.  Xeritina  pisum  Meek. 

This  is  very  like  the  next  following  species,  but  it  is  probably  distinct. 
It  is  from  a  calcareous  sandstone  layer  in  the  first  ridge  of  Mr.  Meek's 
ttectioii,  associated  with  Nos.  34,  37,  38,  and  other  species.  Although  it 
im  of  the  same  type  as  No.  32,  its  associates  are  all  marine  forms. 

34.  Xeritina  pmformis  Meek. 
See  remarks  under  No.  33. 

35.  Xeritina  ( Velatella)  bellatula  Meek. 

Mr.  Meek  <liscovered  this  species  together  with  No.  36  in  stratum  No. 
10  of  his  section  at  Coalville,  associated  with  other  brackish- and  fresh- 
water forms.  See  remarks  under  No.  29.  Together  with  Nos.  30, 37,  and 
38,  it  belongs  to  a  section  of  the  genus  Ncritina,  to  which  Mr.  Meek  gave 
the  subgeneric  name  of  Velatella.  Some  of  the  associates  of  Nos.  35  and 
3l>  are  both  brackish-  and  fresh-water  forms,  but  those  of  Nos.  37  and  38 
are  all  marine  forms.  The  only  other  known  species  of  this  subgenus  is 
N.  ( V.)  baptista  White,  from  the  Laramie  strata  at  Black  Buttcs  Station, 
where  its  associates  are  both  fresh-  and  brackish-water  forms.  In  vol. 
hr,  Expl.  &  Sur.  West  of  the  100th  Mend.,  1  described  and  figured  a 
form  from  Cretaceous  rocks  of  Utah,  which  I  referred  to  N.  (  V.)  carditoi- 
den  Meek,  but  which  possibly  belongs  to  another,  but  closely  allied,  spe- 
cies.   Its  associates  there  are  understood  to  be  marine  forms  only. 

3tf.  Xeritina  ( Velatella)  carditoidefi  Meek. 
See  remarks  under  Nos.  29  and  35. 

37.  Xeritina  (Velatella)  patelliformis  Meek. 
See  remarks  under  Nos.  33  and  35. 

."58.  Xeritina  ( Velatella)  patelliformus  var.  weberensis  White. 
Bee  llgures  and  description  in  another  part  of  this  volume/ 

3D.  Euxpira  coalvillensis  White. 

.  Found  only  at  Coalville  and  in  the  first  ridge  of  Mr.  Meek's  section. 

40.  thprodes  depressa  Meek. 

Tliia  well-marked  species  has  been  found  only  in  the  form  of  casts,  and, 
ho  for  as  I  am  aware,  only  from  the  sandstones  of  the  second  ridge  of 
Mr.  Meek's  section. 
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41.  Anchurafusiformis'KLeek.. 

This  Rpeoies  was  found  associated  with  No.  39,  at  Coalville;  and  tdm 
in  the  Cretaceous  sandstones  at  Old  Bear  River  City,  some  thirty-firo 
miles  to  the  northeastward,  where  it  is  associated  with  Inocer annus  prob 
lematicUs  &c 

42.  Turritclla  coalvUlcnsis  Meek. 

This,  together  with  Nos.  33,  34,  36,  43,  44,  45,  48,  and  other  species 
was  found  in  a  calcareous  sandstone  layer  in  the  first  ridge  of  Mi 
Meek's  section  at  Coalville.    It  has  also  been  found  in  Southern  Utah* 

43.  Turriiella  spironema  Meek. 
See  remarks  under  No.  42. 

i4.  TurritcUa  (Aclis  f)  micranema  Meek. 
See  remarks  under  No.  42. 

45.  Turhonilla  (Chcmnitzia  t)  coalvUlcnsis  Meek. 

This  form  is  much  like  those  in  the  Larfcmie  beds  of  Bear  River  Valle; 
which  Mr.  Meek  and  myself  have  referred  to  Ganiobasis.  None  of  th< 
Coalville  specimens  are  entirely  perfect,  but,  so  far  as  I  can  sec,  thei 
marine  associates  only,  suggest  the  impropriety  of  classifying  then 
genetically  with  the  Laramie  fossils  just  mentioned. 

4G.  Eullmella  f  inconspicua  Meek. 

This,  together  with  No.  35  and  other  species,  was  found  by  Mr.  Meel 
in  stratum  No.  10  of  his  section  at  Coalville,  associated  with  brackisi 
and  fresh  water  forms.    See  remarks  under  No.  29. 

47.  Eulimcllaf  chrysalis  Meek. 

See  remarks  under  Nos.  20  and  45. 

48.  Eullmella?  funlcula  Meek. 

This  species,  unlike  the  two  next  preceding  ones,  which  have  beei 
referred  to  the  same  genus,  has  marine  associates  only,  having  beei 
found  ;it  Coalville  only  in  a  layer  of  calcareous  sandstone  in  the  firs 
ridge  of  Mr.  Meek's  section.  1  described  and  figured  a  form  from  th 
North  Fork  of  Virgin  liiver,  Utah,  in  vol.  iv  Expl.  &  Sur.  West  of  th 
100th  Merid.,  and  referred  it  to  this  species,  with  which  it  is  probabl; 
identical.  It  was  there  associated  with  a  form  which  I  referred  t 
Admctopsis  armaria  Meek,  and  the  two  species  are  also  found  associate 
together  at  Coalville. 

49.  Valrata  nana  Meek. 

This  little  shell  was  discovered  by  Mr.  Meek  in  stratum  No.  10  of  hi 
Coalville  section.    See  remarks  under  No.  21). 

50.  Fttnus  (Xcptuneaf)  aabbi  Meek. 

This  and  the  following  species  were  found  in  the  sandstones  of  th 
second  ridge  of  Mr.  Meek's  section,  and,  so  far  as  I  am  aware,  they  hav 
never  been  recognized  at  any  other  locality. 

51.  Fmus  (Ncptunva)  utahensis  Meek. 
See  remarks  under  No.  40. 

52.  Ad  met  ops  is  rhomboides  Meek. 

This  form  and  No.  53  are  associated  together  at  Coalville,  and  I  be 
lieve  them  to  be  specifically  identical. 

53.  Admetopsis  arcgarm  Meek. 

See  remarks  under  Nos.  48  and  52. 
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54.  Admetopsis  sub/miformis  Meek. 

This  form  is  figured  in  another  part  of  this  volume  from  a  drawing  by 
Mr.  Meek.  I  have  some  doubts  as  to  its  generic  relation  with  Kos.  52 
and  53. 

55.  Baeulites  ovatm  Say  f 

The  only  example  of  any  Cephalopod  that  has  been  discovered  in  the 
whole  Cretaceous  series  at  Coalville  is  a  fragment  of  a  small  Jiaculite* 
that  seems  to  belong  to  B.  ovatus  Say.  It  was  found  in  thiu-bedded 
sandstone  immediately  overlying  the  strata  from  which  Mr.  Meek  ob- 
tained the  estuary  forms  that  are  mentioned  under  No.  29. 

The  series  of  strata  exposed  at  and  in  the  neighborhood  of  Coalville,  as 
represented  by  its  invertebrate  fauna,  is  a  remarkable  one  in  several  re- 
spects.   There  can  be  no  doubt  of  the  Cretaceous  age  of  that  whole  series, 
of  strata,  together  with  its  fauna,  as  shown  in  the  foregoing  list  of  fossils; 
but  yet,  out  of  the  tifty-five  species  there  enumerated,  only  seven,  namely, 
Nos.  5, 10, 11, 1!3, 40, 41,  and  55,  indicate  the  Cretaceous  ago  of  the  strata, 
or  that  \hey  belong  to  an  earlier  period  than  the  Tertiary.    Out  of  these 
fifty-live  species  also  only  four  of  them,  namely,  Nos.  3,  10,  10,  and  55, 
have  been  found  outside  of  the  region  adjacent  to  the  east  Hank  of  the 
Wasatch  Mountains  and  extending  southward  to  Northern  Arizona,  and 
the  identity  of  Nos.  3  and  54  is  somewhat  doubtful.    Furthermore,  about 
half  of  these  species  have  hitherto  been  found  only  at  and  in  the  imme- 
diate neighborhood  of  Coalville,  although  they  perhaps  exist  in  the  equiv- 
alent strata  of  the  region  that  has  just  been  referred  to. 

The  absence  from  this  series  of  Cretaceous  strata  at  Coalville  of  such 
species  as  characterize  the  respective  Cretaceous  groups  which  have  been 
established  makes  it  impracticable  to  refer  them  to  any  one  or  more  of 
those  groups  with  certainty.  Moreover,  although  the  aggregate  thick- 
ness of  the  strata  there  is  greater  than  we  should  expect  to  find  any  one  of 
those  groups  to  possess  the  series  seems  to  bo  a  perfectly  unbroken  one, 
both  stratigraphically  and  paleoutologically.  1  think  there  is  no  reason 
lor  doubt  that  the  greater  part  of  the  series  at  least  is  referable  to  the  Fox 
Hilb  Group  as  it  is  developed  and  understood  in  Colorado  and  adjacent 
Parte  of  Utah  and  Wyoming.  The  possibility  that  the  lower  portion  of 
the  series  may  be  referable  to  the  up] >er  portion  of  the  Colorado  Group  is 
wggested  only  by  the  greater  thickness  of  the  series  than  the  Fox  Hills 
Group  usually  attains,  and  the  presence  in  those  lowest  strata  of  the 
Coalville  section  of  Inoceramm  problematics*.  On  the  other  hand  thin 
sp&'ies  has  been  found  at  Old  Bear  River  City  associated  with  forms  that 
^tttt  in  the  top  of  the  second  ridge  at  Coalville,  the  strata  of  which  evi- 
*Mly  belong  to  the  Fox  Hills  Group.  The  real  relations  of  these  Coal- 
^e  strata  and  their  equivalents  will  doubtless  be  ascertained  by  tracing 
*wl  studying  the  Cretaceous  strata  northwardly  to  the  Missouri  and 
Yellowstone  Rivers. 

These  Coalville  deposits  were  probably  mado  in  comparatively  shal- 
**  waters;  yet  the  lithological  evidence  of  it  is  no  greater  than  that 
presented  by  those  widespread  Cretaceous  strata  which  contain  the  more 
common  and  well-known  marine  forms.  At  least,  the  character  of  their 
invertebrate  fauna  seems  to  have  been  greatly  modified  by  the  prox- 
!mit.Y  of  a  then  existing  western  shore  to  the  Cretaceous  sea.  This  view 
**  supported  by  the  presence  of  palustral.  littoral,  and  estuary  forms  in 
J*16  of  the  strata  of  the  series,  but  the  modification  referred  to,  while 
aoubtle88  due  remotely  to  the  same  cause,  is  separate  from  such  local 
00tt<htion8  as  gave  those  estuary  mollusks  their  congenial  habitats  with- 
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out  modifying  their  types,  and  affected  all  or  nearly  all  the  marine 
wpecies  also. 

'  A  marked  contrast  between  the  invertebrate  fauna  of  the. Coalville 
series  anil  that  of  the  whole  Upper  Missouri  River  series  is  shown  in  the 
almost  entire  absence  of  Cephalopoda  from  the  former,  while  the  profus- 
ion and  great  variety  of  such  forms  constitutes  a  marked  faunal  feature 
<if  the  latter.  It  is  hardly  to  be  expected  that  the  equivalents  of  those 
Coalville  strata,  even  in  that  immediate  region,  will  be  found  to  be  quite 
so  deficient  as  the  present  collections  indicate,  but  a  comparative  pau- 
city of  them  there  is  doubtless  the  rule.  There  is  also  a  considerable 
contrast  between  the  Cretaceous  invertebrate  fauna  of  Texas,  and  the 
territories  adjacent,  and  that  of  the  Upper  Missouri  River  region,  but 
with  which  that  of  the  Coalville  region  has  no  greater  affinity  than  with 
the  former. 

The  contrast  between  the  invertebrate  Cretaceous  fauna  of  the  Coal- 
ville region  and  that  of  the  Upper  Missouri  River  region,  together  with 
its  representatives  in  Colorado  and  Wyoming,  has  a  parallel  in  the  dif- 
furence  between  the  invertebrate  fauna  of  the  Laramie  Group  as  repre- 
sented in  the  valley  of  Bear  River  and  that  of  the  same  group  in  those 
other  regions  which  have  l>een  already  discussed  in  this  report ;  and  the 
contrast  in  both  cases  is  probably  due  to  similar  causes. 

From  the  valley  of  the  Weber  I  proceeded  northward  to  that  of  Bear 
River,  for  the  purpose  of  examining  the  Laramie  strata  there.  The 
strata  of  this  group  have  been  much  displaced  in  the  region  bordering 
the  western  side  of  Green  River  Basin,  and  the  areas  of  surface  upon 
which  they  are  exposed  are  few  and  small  compared  with  those  more 
eastern  regions  of  the  Laramie  Group  which  have  already  been  noticed. 
This  displacement  of  the  Laramie  strata  has  caused  them  to  be  uncon- 
formable with  the  Wasatch  beds  that  rest  upon  them,  the  degree  of 
unconformity  being  great  in  some  places  and  only  slight  in  others.  This 
condition  of  the  strata  will  be  considered  on  a  subsequent  page,  in  con- 
nection with  the  apparently  uninterrupted  deposition  of  both  the  Lara- 
mie and  Wasatch  Groups  farther  eastward.  The  only  localities  of 
Laramie  strata  which  I  visited  in  this  region  are  in  two  neighborhoods 
a  few  miles  apart,  in  the  valley  of  Bear  River.  The  principal  of  these 
localities  are  in  the  neighborhood  of  the  crossing  of  the  Union  Pacific 
Itailroad,  near  Mellis  Station  on  that  railroad,  and  also  near  the  month 
of  Sulphur  Creek  and  some*  eight  or  ten  miles  southeastward  from  Kvan- 
ston,  Wyo.  The  Laramie  strata  exposed  in  this  neighborhood  are  those 
which  are  represented  by  Mr.  Meek  in  No.  28  of  his  section  of  the  rocks 
of  that  vicinity,  as  shown  on  page  451,  An.  Rep.  U.  S.  Gcol.  Sur.  Terr. 
for  1S7l\  and  which  have  become  so  generally  known  as  the  "  Bear  River 
Estuary  Beds."  They  are  there  about  500  feet  in  thickness,  and  con- 
formably with  them,  in  upward  order,  about  200  feet  in  thickness  of  dark 
gray  shales  occur,  which  contain  teliost  fish-scales;  but  no  other  fossils 
were  obtained  from  them.  My  examination  of  this  neighborhood  added 
little  to  a  knowledge  of  these  strata  beyond  that  which  had  already  been 
published  by  Mr.  Meek  and  Mr.  King,  except  that  1  found  them  quite 
fully  exposed  on  the  west  side  of  the  liver,  which  fact  is  not  shown  on 
Mr.  King's  map,  nor  mentioned  by  Mr.  Meek.  My  collections,  however, 
embrace  some  species  not  before?  known. 

The  Laramie  strata  of  the  other  neighborhood  comprise  the  exact 
equivalents  of  those  near  Mellis  Station,  and  contain  an  abundance  of 
the  same  fossils,  together  with  the  Evanston  coal  seines,  the  best  develop- 
ment of  which  appears  at  the  little  hamlet  of  Almy,  three  miles  north- 
ward from  Evanston.    From  that  point  to  about  four  miles  farther  north- 
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ward  these  Laramie  strata  are  found  exposed  in  the  east  volley-side  of 
Bear  River.  This  coal-bearing  series  contains  an  entirely  different  fauna 
from  that  of  the  beds  beneath;  but  because  of  its  apparent  stratigraph- 
ical  conformity  with  them,  and  the  fact  that  some  of  its  fossils  have 
been  identified  with  Laramie  fossils  elsewhere,  I  refer  the  whole  to  the 
Laramie  Group.  The  equivalent  strata  in  this  neighborhood  of  the  dark 
gray  shales  in  the  other,  which  contain  the  teliost  fish-scales,  are  a  little 
greater  in  aggregate  thickness,  and  a  portion  of  them  are  composed  of 
thicker  layers,  but  their  identity  is  easily  recognized.  For  convenience 
of  reference  in  the  following  remarks  I  shall  designate  these,  together 
with  the  coal-bearing  series,  as  the  u upper  beds";  and  those  beneath 
them,  containing  the  brackish- water  fossils,  I  shall,  for  the  same  purpose 
of  local  reference  and  present  discussion,  use  the  term  "  lower  beds." 
Of  invertebrate  fossils  only  fresh- water  and  land  shells  have  been  found 
in  the  upper  beds,  and  these  only  at  the  Almy  or  Evanston-coal  mines; 
but  those  of  the  lower  strata  embrace  both  brackish  and  iresh  water 
moUiiscan  forms,  the  latter  including  a  few  palustral  pulmonates.  Among 
those  brackish  and  fresh  water  forms  are  two  or  three  types  which  have 
never  been  recognized  except  in  these  lower  beds  or  their  immediate 
equivalents,  and  nearly  their  whole  fauna  is  in  marked  contrast  with 
that  of  any  other  portion  of  the  Laramie  Group.  The  following  list  is 
intended  to  embrace  all  the  invertebrate  fossils  that  have  hitherto  been 
found  in  the  Laramie  strata  of  Bear  Kiver  Valley  within  the  limits  of 
Southwestern  Wyoming : 

LIST  OF  LARAMIE  FOSSILS  FROM  BEAR  RIVER  VALLEY,  WYOMING. 

1.  Membraniporal 

2.  Ostrea f 

a  Volsella f 

4.  Unio  vetustus  Meek. 

5.  Unio  belliplieatus  Meek. 

6.  Pisidium  sa&irmtum  White. 

7.  Sphwrium ? 

8.  (Jorbicula  ( Yeloritino)  durkeei  Meek. 

9.  Corhula  pyriformis  Meek. 

10.  Corbula  JSnglemanni  Meek. 

11.  Rhytophor  us  prisons  Meek. 

12.  Rhytophorus  meeki  White. 

13.  Limncea  (Limnophysa)  nitidula  Meek. 

14.  Acella  haldemani  White. 

15.  Planorbis f 

16.  Bulinus  longiuseulus  Meek  &  Hayden. 

17.  Bulinus  subelongatxis  Meek  &  Hayden. 

18.  Bulinus  disfunctus  White. 

19.  Macrocyclis  spatiosa  Meek  &  Hayden  1 

20.  Helix  evanstonensis  White. 

21.  Columna  teres  Meek  &  Hayden. 

22.  Neritina  natieiformis  White. 

23.  Ooniobasis  arcta  Meek. 

24.  Ooniobasis  cleburni  White. 

25.  Ooniobasis  chrysallis  Meek. 

26.  Ooniobasis  chrysaloidea  White. 
21.  Goniotoww  endlichi  White. 

28.  Turgulifera  humerosa  Meek. 
».  SydrMareeta  White. 
16gb 
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30.  Yiviparus  couesi  White. 

31.  Campeloma  macrospira  Meek. 

32.  Spirorbis  f 

33.  Cypris f 

34.  Cycloid  fish-scales. 

35.  Outlets  of  Chara. 

NOTES  ON  THE  LARAMIE  FOSSILS  OF  BEAR  RIVER  VALLEY,  WYOMING. 

1.  Membraniporaf 

Some  fragments  of  a  Polyzoan  were  found  incrusting  the  surface  of 
Corbula  pyriformis  and  other  shells  of  the  lower  beds,  which  are  appar- 
ently of  the  same  species  as  those  found  on  the  oyster-shells  at  Point  of 
Rocks,  mentioned  on  a  former  page.  They  are  too  imperfect  for  satis- 
factory classification,  but  are  of  some  value  as  additional  evidence  of  at 
least  some  degree  of  saltness  of  the  water  in  which  the  associated  mol- 
lusks  lived. 

2.  Ostrca 1 

A  few  separate  valves  of  an  undetermined  species  of  Ostrea  were  found 
here  and  there  in  the  lower  beds ;  and  in  some  places  a  thin  layer  was 
found  mainly  composed  of  them.  They  are  all  comparatively  small 
shells,  and  all  seem  to  have  been  somewhat  waterworn  before  being 
finally  imbedded. 

3.  VoUella 1 

A  couple  of  fragments  only  of  a  small  undetermined  species  of  this 
genus  were  found  near  Mellis  Station. 

4.  C7>?-iV>  vctustus  Meek. 

Shells  of  this  species  are  quite  abundant  in  the  lower  beds,  a  large 
proportion  of  which  have  both  valves  mi  separated.  It  is  figured  and 
described  in  vol.  iv,  U .  S.  Geol.  Sur.  40th  Parallel,  and  also  in  U.  S.  Expl. 
Great  liasin  of  Utah  (Simpson). 

5.  Unto  belliplicatus  Meek. 

This  species  is  found  associated  with  No.  4  and  in  similar  condition: 
but  it  is  not  quite  so  abundant.  It  is  figured  and  described  in  vol.  iv, 
IT.  S.  Geo!.  Sur.  40th  Parallel.  This  species  is  an  interesting  one  because 
of  the  fact  that  its  style  of  surface  ornamentation  is  different  from  that 
of  any  other  known  North  xVmerican  species,  either  fossil  or  recent. 

6.  Pisidium  saginatum  White. 

Only  three  or  four  examples  of  this  species  were  discovered,  and  these 
only  at  the  Evanston  coal-mines,  in  the  upper  Laramie  beds  there. 

7.  SpJnvrium 1 

A  few  casts  only  of  a  small  species  of  this  genus  were  found  associated 
with  numerous  other  small  fresh -water  shells  in  a  gray  clayey  layer, 
about  40  feet  above  the  principal  bed  of  coal  at  the  Evanston  mines. 

8.  Corbie uhi  (VcJoritina)  c/w /'Arc?"  Meek. 

A  large  number  of  examples  of  this  species  exist  in  the  lower  beds 
wherever  they  have  been  exposed.  It  is  the  type  of  Meek's  subgenus 
Vcl'iritiua,  and  is  described  and  figured  by  him  in  vol.  iv,  U.  S.  Geol. 
Sur.  ICfh  .Parallel.  Among  the  collections  made  by  Lieutenant  Wheeler's 
parlies  in  the  valley  of  Virgen  1  fiver,  Southern  Utah,  I  identified  this 
species,  and  figured  and  described  it  in  vol.  iv,  U.  S.  Expl.  and  Sur. 
AYeal  of  ihe  100th  Merid. 
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9.  Corbula  pyriformis  Meek. 

This  is  also  an  abundant  species  in  the  lower  beds,  and,  like  many  of 
its  associated  bivalves,  a  large  proportion  of  the  examples  have  both 
valves  unseparated.  It  is  figured  and  described  in  vol.  iv,  U.  S.  Geol. 
Snr.  40th  Parallel  and  also  in  U.  S.  ExpL  Great  Basin  of  Utah  (Simp- 
son). 

10.  Corbula  englemanni  Meek. 
Probably  only  a  variety  of  No.  9  (loc.  tit). 

11.  Bhgtophorus  priscus  Meek. 

This  is  evidently  a  littoral  pulmonate,  closely  related  to  Mclampus, 
and  it  doubtless  had  a  similar  saline  habitat.  It  is  the  type  of  the  genus, 
and  is  described  and  figured  by  Meek  in  vol.  iv,  U.  8.  Geol.  Sur.  40th 
Parallel,  and  also  in  U.  S.  Expl.  Great  Basin  of  Utah  (Simpson). 

12.  Rhytophorus  meckii  White. 

This  is  possibly  only  a  variety  of  No.  11,  but  the  observable  differences 
seem  to  be  of  specific  value.  It  is  described  in  Powell's  Keport  on  the 
Geology  of  the  Uinta  Mountains,  p.  118. 

13.  Limncca  nitidulu  Meek. 

Mr.  Meek  figured  and  described  this  species  in  vol.  iv,  U.  S.  Geol. 
Snr.  40th  Parallel.  It  is  quite  abundant  in  some  of  the  layers  near 
Mellis  Station,  where  it  is  associated  with  numerous  fresh- and  brackish- 
water  forms. 

14.  Acclla  haldemani  White. 

Among  the  siliceous  debris  remaining  after  an  acid  solution  of  some 
pieces  of  calcareous  shaly  rock  found  among  the  fossiliferous  layers  near 
Mollis  Station,  several  examples  of  this  species  were  discovered.  It  has 
never  been  discovered  elsewhere,  and  so  far  as  I  am  aware  no  other 
species  of  this  genus  has  ever  been  found  fossil.  It  is  important  as 
adding  another  indication  of  the  great  degree  of  differentiation  which  the 
pulmonate  mollusca  had  attained  at  that  early  epoch.  It  is  described  in 
BulL  U.  8.  Geol.  Sur.  Terr.  vol.  iv,  p.  714. 

15.  Planorbis f 

Among  the  debris  associated  with  £Tos.  14  and  15,  numerous  examples 
of  a  minute  Planorbis  were  found.  They  arc  all  of  nearly  uniform  size, 
which  suggests  the  possibility  that  they  are  adult ;  but  they  are  prob- 
ably young  examples  of  a  larger  species.  No  other  examples  of  Planor- 
bis were  found  in  the  lower  beds,  but  in  the  upper  ones  at  the  Evanston 
coal-mines  some  fragments  of  another  but  undetermined  species  were 
found. 

16.  Bulinus  longiusculus  Meek  &  Hayden. 

Among  a  considerable  number  of  examples  found  in  the  upper  bods  at 
the  Evanston  coal-mines,  referable  to  B-ulinns,  are  some  that  1  refer  with 
some  confidence  to  J?,  longixisculus  and  B.  suhclongatus  respectively.  The 
former  was  originally  discovered  in  the  Fort  Union,  and  the  latter  in  the 
Judith  River  beds,  both  in  the  Upper  Missouri  lliver  region;  and  both 
are  figured  and  described  in  vol.  ix  U.  S.  Geol.  Sur.  Terr. 

IT.  Bulinus  subclongatus  Meek  &  Hayden. 

X  single  specimen  foimd  associated  with  Nos.  13,  14,  15,  and  others 
in  the  lower  beds  near  Mellis  Station,  appears  to  belong  to  this  species. 
Sec,  also,  remarks  under  "So.  10. 
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18.  Bul'mus  disjunctw  White. 

This  species  is  described  in  a  foot-note  on  page  170  of  this  report.  It 
has  been  found  in  the  Laramie  beds  of  the  valley  of  Crow  Creek,  Eastern 
Colorado,  and  in  the  upper  beds  at  the  coal-mines  near  Evanston,  Wyo., 
there  is  a  form  which  is  probably  specifically  identical  with  it. 

10.  Maerocyclis  spatiosa  Meek  &  Haydenf 

A  species  evidently  referable  to  this  genus,  and,  so  for  as  the  somewhat 
imperfect  examples  will  admit  of  comparison,  seems  to  be  identical  with  M. 
£pf!tio8(if  was  found  in  the  upper  beds  at  the  Evanston  coal-mines.  This 
species  is  described  and  figured  by  Mr.  Meek  in  vol.  ix,  TJ.  S.  Geol.  Snr. 
Terr.,  and  is  there  referred  to  the  Wind  River  Group.  Overlooking  this 
fact,  but  following  a  general  label  found  accompanying  a  tray  of  Upper 
Missouri  fossils,  among  which  were  the  types  of  both  this  species  and 
Ci>lumna  teres  Meek  &  Hayden,  I  referred  them  both  to  the  Judith 
River  Group  in  the  table  on  page  722,  Bull.  U.  S.  Geol.  and  Geog.  Snr. 
Terr.  vol.  iv.  Concerning  the  Volumiui,  the  error,  if  it  be  one,  amounts 
to  but  little,  as  it  is  now  well  known  that  several  species  of  fossils  which 
respectively  characterize  the  Judith  River  and  Fort  Union  beds,  are 
associated  together  in  the  same  strata  of  the  Laramie  Group  elsewhere. 
As  to  the  Maerocyclis  I  can  at  present  only  say  that  the  examples  which 
I  obtained  from  the  Upper  Laramie  beds  at  the  Evanston  coal-mines  in 
Bear  River  Valley  answer  well  to  the  description  and  figures  of  M.  spati- 
ofia  given  by  Mr.*  Meek".  It  is  true  my  examples  are  not  perfect,  and  it 
may  be  that  when  better  ones  are  found  they  will  show  specific  differ- 
ences from  the  types  of  M.  spatiosa. 

20.  Helix  evanstonensis  White. 

This  species  was  found  in  the  upper  beds  at  the  Evanston  coal-mines, 
and  is  described  in  Bull.  U.  S.  Geol.  and  Geog.  Sur.  Terr.  voL  iv,  p.  714, 
where  the  mention  of  its  locality  was  inadvertently  omitted. 

21.  Cohtmna  teres  Meek  &  Hayden. 

So  far  as  the  specimens  will  admit  of  comparison  this  species  appears 
to  be  identical  with  C.  teres  from  the  Fort  Union  beds  of  the  Upper  ^ilis- 
st*uri  Biver  region,  the  type  of  which  is  figured  in  vol.  ix  U.  S.  Geol. 
►Sur.  Terr.     (See  remarks  under  No.  10.) 

22.  Keritina  natieiformis  White. 

This  small  shell  was  found  quite  plentifully  in  certain  of  the  clayey 
layers  of  the  lower  "beds  near  Mellis  Station,  but  it  has  not  been  discov- 
ered elsewhere.  It  is  described  in  Bull.  U.  S.  Geol.  and  Geog.  Sur.  Ter., 
vol.  iv,  p.  715. 

23.  Goiiiobasis  areta  Meek. 

Associated  with  Nos.  13  and  22  and  other  species  in  the  lower  beds 
near  Mellis  Station  numerous  examples  have  been  found  which  answer  to 
the  figure  and  description  of  G.  areta  as  given  by  Meek  hi  U.  S.  Expl. 
Great  Basin  of  Utah  (Simpson).  The  locality  is  there  given  as  "  Ham's 
Fork,"  but  this  reference  is  probably  an  error,  as  was  that  of  its  associ- 
ate (No.  13  Limnmi  (Limnophysa)  nitidula)^  as  shown  by  Mr.  Meek  in  U. 
S.  Geol.  Sur.  40th  Parallel,  vol.  iv,  p.  182. 

24.  Goniobasis  elebnrni  White. 

This,  together  with  the  two  following  species,  which  have  been  found 
only  in  the  lower  beds  of  the  Bear  River  Group  in  Bear  River  Valley, 
forms  a  natural  group,  which  might  properly  be  regarded  as  a  section 
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under  Goniobasis.    It  is  described  in  Powell's  Report  on  the  Geology  of 
the  Uinta  Mountains,  p.  122. 

25.  Goniobasis  chrysallis  Meek. 

Described  in  An.  Rep.  U.  S.  Geol.  Sur.  Terr,  for  1870,  p.  31C.  (See 
remarks  under  No.  24.) 

26.  Goniobasis  chrysaloidea  White. 

Described  in  Powell's  Report  on  the  Geology  of  the  Uinta  Mountains, 
p.  123.  The  figure  given  by  Professor  Hall  in  Fremont's  Exploration 
of  Oregon  and  Northern  California  of  his  Cerithium  Fremont i  so  much 
resembles  this  species  as  to  suggest  the  possibility  that  it  may  be  iden- 
tical.   (See  remarks  under  No.  24.) 

27.  Goniobasis  endlichi  White. 

This  is  rather  a  rare  species,  having  been  found  only  in  the  lower  beds 
seven  miles  northward  from  Evanston,  where  it  is  associated  with  the 
common  species  of  those  beds.  It  posesses  the  raised  revolving  lines  of 
the  three  foregoing  species,  but  is  without  their  longitudinal  varices  or 
ridges.  It  is  described  in  the  Bull.  U.  S.  Geol.  and  Geog.  Sur.  Terr., 
vol.  iv,  p.  716.  In  the  Evanston  coal-mines  some  fragments  of  a  species 
have  been  obtained  which  indicate  that  it  resembles  this  in  its  surface 
markings,  but  that  it  is  a  smaller  and  more  slender  species. 

28.  Pyrguli/era  humerom  Meek. 

This  is  one  of  the  most  abundant  and  characteristic  species  of  the 
lower  beds  of  the  Laramie  Group  in  Bear  River  Valley.  Mr.  Meek  made 
it  the  type  of  his  genus  Pyrgulifera.  and  described  and  figured  it  in  the 
XL  S.  Geol.  Sur.  40th  Parallel ;  and  also  in  U.  S.  Expl.  Great  Basin  of 
Utah  (Simpson).  It  is  probably  a  widely-distributed  species  iii  the 
equivalents  of  the  Bear  River  Laramie.  Among  some  fossils  brought 
by  Professor  Powell  from  Upper  Kanab,  Southern  Utah,  I  have  recog- 
nized this  species,  together  with  some  which  characterize  the  Laramie 
Group  farther  eastward,  but  I  do  not  know  whether  they  were  there  as- 
sociated together  in  the  same  layers. ' 

29.  Hydrobia  recta  White. 

This  species  has  been  found  only  in  the  upper  beds  at  the  coal-mines, 
three  miles  from  Evanston.  It  is  associated  with  fresh- water  and  land 
shells  only,  and  is  probably  not  a  true  Hydrobia,  but  the  condition  of  the 
specimens  does  not  warrant  a  conclusive  reference  to  any  other  genus. 
It  is  described  in  Powell's  Report  on  the  Geology  of  the  Uinta  Mount- 
ains, p.  132. 

30.  Viviparus  couesi  White. 

This  is  the  largest  species  of  Vivipams  known  to  me.  It  has  has  been 
found  only  in  the  lower  Laramie  beds  of  the  Bear  River  Valley,  but 
exanfples  of  it  have  been  obtained  wherever  those  strata  have  been  exam- 
ined by  me.  It  is  described  in  the  Bulletin  U.  S.  Geol.  Sur.  Terr.  vol.  iv, 
p.  717.  Mr.  Meek  gave  two  figures  of  an  imperfect  example  of  it  in  U. 
S.  GcoL  Sur.  40th  Parallel,  vol.  iv?  pi.  17,  lig.  15  and  15a,  under  the 
generic  name  of  Campeloma,  but  without  a  specific  name.  It  has  the 
straight  outer  Up  and  other  characteristics  of  Yiviparus,  and  not  the 
Binuate  outer  lip  of  Campeloma. 

31.  Campeloma  macrospira  Meek. 

This  species  is  associated  with  No.  30,  and  has  been  found  in  consider- 
able numbers  wherever  the  lower  beds  are  exposed  in  Bear  River  Valley. 
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Mr.  Meek  describes  it  and  figures  an  imperfect  example  in  the  United 
States  Geological  Survey  40th  Parallel. 

32.  Spirorbist 

Near  Mollis  Station  some  examples  of  a  minute  coiled  shell  resem- 
bling a  Spirorbix  were  found  attached  to  Unio  vetustus  and  other  associ- 
ated shells.  It  is  possible  that  they  are  the  first  coils  or  young  examples 
of  the  Planorbis,  No.  15,  but  they  seem  to  have  been  of  a  parasite  or 
commensal  habit.  Water  that  was  salt  enough  for  Corbula,  Membranu 
j>oray  &c,  would  no  doubt  have  been  congenial  for  Spirorlns* 

33.  Cypris f 

Multitudes  of  casts  of  a  species  of  Cypris  were  found  in  the  gray 
clayey  shale,  40  feet  above  the  principal  bed  of  coal  at  the  Evanston  coal 
mines,  belonging  to  the  upper  Laramie  beds. 

In  this  soft,  clayey  shale  were  also  found,  besides  the  Spharium  and 
Cyjyrix  already  mentioned  the  casts  of  numerous  other  small  shells,  mostly 
those  of  Physa  or  Bulinus;  and  in  addition  to  these,  a  few  cycloid  fish- 
scales  j  also  associated  with  Nos.  37  and  38  numerous  minutes  nutlets  of 
a  species  of  Chara  were  found. 

Besides  the  species  enumerated  or  referred  to  in  the  foregoing  list, 
there  are  among  the  collections,  especially  those  from  the  upper  beds, 
fragments  that  indicate  the  existence  of  several  yet  undetermined  species 
of  invertebrate  fossils. 

In  all  the  other  collections  of  Laramie  fossils  that  have  been  discussed 
in  this  report  some  species  are  represented  which  connect  the  strata  of 
the  different  localities  from  which  tliey  respectively  came,  as  unmistaka- 
bly belonging  to  the  great  Laramie  Group;  but  a  comparison  of  the  col- 
lect ions  from  the  lower  beds  of  Bear  Bivor  Valley  with  all  the  other 
collections  of  Laramie  fossils  is  one  entirely  of  contrast,  so  far  as  specific 
identity  is  concerned,  unless  the  JiuHiuis  mentioned  under  No.  17  be  an 
exception.  .Moreover,  as  has  already  been  mentioned,,  these  lower  beds 
of  the  Bear  Eiver  Laramie  contain  two  or  three  molluscan  typos  of  generic 
or  subgeneric  value,  that  have  never  been  found  elsewhere,  besides  some 
other  modifications  of  type  perhaps  of  less  value  than  the  others,  but 
still  sufficiently  characteristic. 

Inquiring  into  the  inhabitancy  of  the  whole  fauna  of  these  lower  beds 
we  do  not  find  an  indication  that  its  condition,  so  far  as  saltness  of  the 
water  is  concerned,  was  materially  different  from  that  of  the  brackish- 
water  fauna  of  the  Laramie  Group  in  general,  there  being  always,  and  in 
the  case  of  both  faun&,  a- mixture  of  both  brackish  and  fresh  water  forms, 
with  some  palusfral  pulmonutcs  and  an  occasional  laud  shell.  The 
marked  difference,  then,  between  f  he  invertebrate  fauna  of  the  lower  beds 
of  Bear  Biver  Laramie  and  that  of  the  group  in  general  is  not  such  as  is 
produced  by  a  change  in  the  saltness  or  by  a  complete  freshening  of  the 
inhabited  waters ;  but  it  is  evident  ly  due  to  other  causes.  My  owninves- 
tigations  of  these  strata  have  been  far  too  limited  to  warrant :any  pro-sent 
discussion  of  the  causes  that  have  produced  these  faunal  diilercnces,  but 
there  seems  to  be  little  room  for  doubt  that  it  was  due  in  large  part  to 
conditions  consequent  upon  the.  proximity  and  character  of  the  western 
shore  of  t  he  Laramie  sea.  It  will  also  be  remembered  that  the  Cretaceous 
fauna  of  the  Coalville  series,  which  occupies  a  similar  relative  geological 
position,  shows  almost  if  not  equally  as  great  a  contrast  with  that  of  its 
assumed  equivalent  strata  which  occupy  the  same  regions  farther  east- 
ward with  the  various  Laramie  strata  herein  discussed.  .  But  after  all  the 
inquiry  naturally  arises,  are  these  Bear  Biver  beds  properly  referable  to 
the  Laramie  Group,  and,  if  so,  are  they  true  equivalents  of  those  Lara- 
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mie  strata  that  Lave  already  been  discussed  in  this  report?  Too  much 
yet  remains  to  be  done  in  the  investigation  of  these  beds  and  their  fauna 
to  admit  of  definite  replies  to  these  questions,  but  the  following  already 
ascertained  facta  have  an  important  bearing  upon  them.  In  the  section 
published  by  Mr.  Meek  in  the  An.  Bep.  U.  IS.  Geol.  Sur.  Terr,  for  1872, 
p.  451,  these  brackish- water  Laramie  beds  are  seen  to  come  in  the  series 
above  the  FoxHill  Cretaceous  strata.  In  the  neighborhood  extending 
from  three  to  seven  miles  north  from  Evanston  the  coal  series  is  seen  to 
rest  upon  the  brackish-water  beds,  and  in  turn  to  bo  overlaid  by  the 
Wasatch  Group.  Tins  warrants  their  general  reference  to  the  Laramie 
Group,  but  whether  they  may  not  be  older  than  any  of  the  other  Laramie 
strata  that  have  been  discussed  in  this  report  remains  for  further  inves- 
tigation to  decide.  The  fact  that  some  of  the  invertebrate  types  of 
these  brackish-water  beds  are  apparently  extinct,  wlrile  none  of  those  of 
the  other  Laramie  beds  are  now  known  to  be  so,  suggests  their  greater 
antiquity,  but  does  not  necessarily  prove  it ;  especially  so  as  those  types 
are  not  known  in  older  strata.  On  the  other  hand  some  of  the  species 
in  the  upper  beds  at  the  Almy  coal  mines,  some  400  or  500  feet  above 
the  range  of  the  brackish-water  species,  are  regarded  as  identical  with 
forms  that  have  been  found  both  in  the  Fort  Union  and  the  Lignitic  beds 
of  the  Laramie  Group  east  of  the  Rocky  Mountains  in  Colorado.  It 
should  furthermore  be  remarked  that  the  conditions  of  the  strata  at  the 
junction  of  the  Fox  Hills  Group  with  the  brackish- water  Laramie  beds 
in  this  region  art  not  accurately  known;  and  also  that  I  am  not  sure  of 
the  exact  conformity  of  the  coal-bearing  upper  beds  upon  the  latter; 
while  the  unconformity  of  the  Wasatch,  upon  the  Laramie  in  thin  region, 
is  well  known  to  be  general.  It  therefore  seems  not  improbable  that  the 
displacements  which  took  place  in  this  region  were  not  conlined  to  the 
immediate  close  of  the  Laramie  period,  but  that  other  lesser  movements 
took  place  at  different  times  between  the  close  of  the  Fox  Hills  epoch 
and  the  earlier  part  of  that  of  the  Wasatch. 

The  displacements  that  took  place  at  or  near  the  close  of  the  Laramie 
period,  in  what  is  now  the  vicinity  of  Bear  lliver  Valley,  were  very  great, 
and  they  are  doubtless  of  considerable  extent  in  this  region,  although 
not  at  all  apparent  in  a  large  part  of  the  Green  lliver  Basin.  They  in- 
volved not  only  the  Laramie  strata,  but  the  older  groups  also;  at  least 
those  of  the  Fox  Dills  and  Colorado  Groups,  which  are  seen  to  be  so  in- 
volved in  this  immediate  neighborhood,  if  the  latter  have  been  correctly 
identified.  Tliis  is  shown  in  Mr.  Meek's  section  of  the  strata  in  the  val- 
ley of  Sulphur  Creek  at  its  confluence  with  Bear  lliver,  which  has  already 
been  referred  to.  That  section  shows  not  only  abrupt  and  dee])  foldings 
of  those  strata,  but  certain  slips  or  faults  also.  The  portion  of  it  which 
is  numbered  28  consists  of  the  brackish- water  Laramie  beds  as  they  are 
seen  at  Mellis  Station  on  the  east  side  of  Bear  Biver,  and  which  there 
api>ear  to  occupy  the  east  side  of  an  abrupt  synclinal  fold.  No  strata 
above  those  of  the  Laramie  Group  appear  to  be  involved  in  this  sharp 
fold,  against  the  upturned  strata  of  which  those  of  the  Wasatch  Group 
appear  to  abut  luicouformably.  The  whole  group  is  probably  thus  in- 
volved, but  the  upper  beds,  as  seen  at  the  Evanston  coal-mines,  have  not 
been  discovered  there,  the  waters  and  scattered  shingle  of  Bear  lliver 
covering  the  surface  they  would  otherwise  occupy  if  present.  The  Lar- 
amie strata  that  occupy  the  western  side  of  the  fold  appear  upon  the 
western  side  of  Bear  lliver,  a  couple  of  miles  south westwardly  from 
Mellis  Station,  those  of  both  sides  of  the  fold  being  nearly  perpendic- 
ular. 

Flanking  these  upturned  Laramie  strata  upon  their  west  side,  and  in 
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contact  with  them,  I  found  a  small  exposure  of  Fox  Hills  strata,  which 
are  composed  of  soft  sandstones  and,  like  the  Laramie  strata  there,  they 
are  nearly  vertical.  From  one  of  these  Fox  Hill's  layers  I  obtained  a 
small  collection  of  fossil  shells,  all  of  which  are  imperfect,  and  some  of 
the  species  which  they  indicate  are  not  recognizable.  The  identification 
of  those  of  the  following  list  is  probably  correct,  and  shows  au  intimate 
relation  of  these  strata  with  those  of  the  Coalville  series. 

LIST   OF  CRETACEOUS  FOSSILS  FROM  THE  VALLEY  OF  BEAR,  BTVER, 

WYOMING. 

1.  Ostrea f 

2.  Volnclla  (Brachydontcs)  multilinigera  Meek. 

3.  Xucula f 

4.  Barbatia  eoalvillensis  White. 

5.  Cardium  trite  White  I 

6.  Cyrena  securis  Meek. 

7.  Tellina  t  modesta  Meek. 

8.  Tellina  (Arcopagiat)  titaliemis  Meek. 

9.  Corbula  dubiosa  White.* 

NOTES  ON  THE  CRETACEOUS  FOSSILS  OF  BEAB  RIVER  VALLEY. 

1.  Ostrea f 

The  examples  of  this  oyster  are  numerous  and  many  of  them  well  pre- 
served, but  they  are  all  small,  and  so  wanting  in  specific  characters  that 
they  cannot  be  satisfactorily  identified  with  auy  published  species  or  de- 
scribed as  new.    They  are  possibly  identical  with  0.  ooalvillensis  Meek. 

2.  Volsella  (Brachydontes)  multilinigera  Meek. 

This  species  was  originally  discovered  by  Meek  at  Coalville.  It  also 
occurs  near  Hilliard  Station,  four  miles  east  of  this  locality. 

3.  Xumila t 

The  examples  are  too  imperfect  for  specific  determination.  They  in- 
dicate a  species  much  like  X.  planimarginata  Meek  &  Uayden. 

4.  Barbatia  coalvillensu  White. 

Hitherto  discovered  only  at  Coalville.  (See  remarks  under  head  of 
Cretaceous  fossils  of  that  locality.) 

5.  Cardium  trite  White. 

The  examples  found  here  are  only  imperfect  casts,  but  the  surface 
markings  are  more  nearly  like  those  of  C.  trite  than  those  of  either 
C.  curtum  or  C.  subcurtum,  the  only  two  other  species  of  Cardium  that 
are  likely  to  be  found  in  these  strata.  C.  trite  was  discovered  at  the 
head  of  Waterpocket  Canon,  Utah,  by  Mr.  Gilbert,  and  is  described 
and  figured  in  another  part  of  this  volume. 

6.  Cyrena  seeuris  Meek. 

This  species  has  been  discovered  at  Coalville  find  also  at  Hilliard  Sta- 
tion, four  miles  east  of  this  locality.  It  is  described  and  figured  in 
another  part  of  this  volume. 

7.  Tellina  f  modesta  Meek. 

A  Coalville  species.    (See  remarks  under  that  head.) 

8.  Tellina  (Arcopagiat)  utahemin  Meek. 

See  remarks  under  notes  on  Coalville  fossils. 


*  See  following  remarks  under  No.  9. 
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9.  Corbula  dubiosa  White. 

This  species  has  never  been  described.  Tt  is  the  one  that  has  been 
referred  to  at  different  times  by  myself  and  Mr.  Meek  when  discussing 
the  fossils  of  Coalville,  and  is  figured  by  Mr.  Meek  in  U.  S.  Geol.  Sur. 
40th  Parallel,  vol.  iv,  pi.  14,  f.  2.  It  appears  so  often  among  the  Creta- 
ceous fossils  of  this  region,  although  the  examples  are  usually  imperfect, 
that  the  foregoing  name  is  given  to  it,  provisionally,  as  a  matter  of  con* 
venience. 

Crossing  Bear  Eiver  we  proceeded  eastward  up  the  valley  of  Sulphur 
Creek,  along  the  line  of  Mr.  Meek's  section,  as  given  in  An.  Itep.  U.  8. 
Geol.  Sur.  Terr,  for  1872,  p.  451,  and  which  has  already  been  referred  to 
in  relation  to  the  Laramie  strata  of  Bear  River  Valley.  From  No.  12  of 
that  section,  immediately  overlying  the  bed  of  coal*  there,  I  collected 
numerous  examples  of  Lioceramm  problematmis  Schlotheiin,  aud  a  few 
imjierfect  examples  of  Anchura  fusiformis  Meek  ?  These  strata  belong 
without  doubt  within  the  limits  of  the  consolidated  Fox  Hills  Group, 
notwithstanding  the  presence  there  oflnocerammproblematkus. 

Continuing  up  the  valley  to  Hilliard  Station  I  obtained  the  fossils  of 
the  following  list  from  Fox  Hills  strata  there  which  are  not  represented 
in  Mr.  Meek's  section,  but  which  are  equivalent  with  some  of  those  within 
that  section  about  three  miles  further  westward. 

UST    OF    CBETACEOUS    FOSSILS    COLLECTED    AT   HILLIARD    STATION, 

WYOMING. 

1.  Ostrea  soleniscus  Meek. 

2.  Placunopsis  hilliardeiuris  White. 

3.  Vobtella  (Brachydontes)  multilinfyera  Meek. 

4.  Cardium  curtum  Meek  &  Hayden. 

5.  Cardium  subcurium  Meek. 

6.  Cyrena  securvt  Meek. 

7.  Corbula  dubiosa  White. 

8.  Xeritina  incompta  White. 

9.  TurboniUa  (Chemnitxia  t )  coalvillensis  Meek. 

NOTES  ON  THE  CRETACEOUS  FOSSILS  OF  HILLIARD  STATION. 

1.  Ostrea  soleniscus  Meek. 

This  species  is  common  in  the  vicinity  of  Coalville,  and,  so  far  as  I  am 
aware,  it  has  never  been  found  except  in  this  regiou,  bordering  the  west- 
ern side  of  the  Green  River  Basin.  It  seems  also  to  have  a  great  ver- 
tical range  within  the  Fox  Hills  Group. 

2.  Placunopms  hilliardensis  White. 

Discovered  only  at  this  locality.  It  is  described  and  figured  in  another 
part  of  this  volume. 

3.  Yolsella  (Brachydonte*)  multilinigera  Meek. 

See  remarks  under  head  of  notes  on  Cretaceous  fossils  of  Coalville, 
and  also  on  those  of  Bear  River  Valley. 

4.  Cardium  curtum  Meek  &  Hayden. 

See  remarks  under  head  of  notes  on  Cretaceous  fossils  of  Coalville. 

•  The  mining  of  this  coal  was  abandoned  with  the  abandonment  of  Old  Bear  River 
City,  upon  the  site  of  which  it  was  formerly  worked.  It  has  been  thought  that  tliis 
\*A  of  coal  is  equivalent  with  the  lower  one  at  Coalville,  but  it  is  more  probably  equiv- 

■tat  ▼Uh  that  of  Carleton's  mine!  at  the  same  place. 
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ImtK  'tir  -be  T~nper  Missouri  River  region  constitutes  a  natural  and 
ihoiOw?  i-.t^q^  fbr  the  i_'bis<iueatiou  of  the  Cretaceous  rocks  of  much  the 
jvuttr  ~k*r  if  a«t  jH  of  the  region  embracing  the  Western  States  and 
r-n-.ti'i-.t*.  The  modification  of  that  grouping  which  is  followed  in  thia 
_t [wir--  ■-•iQsiMC*.  as  already  explained  on  previous  pages,  only  in  omitting 
wnaui  *it'  ta*  subdivisions  wluch  were  recognized  in  the  Upper  Missouri 
Hiver  region,  while  the  leading  features  are  retained  without  change. 

Thf  s*  labor*  have  also  demonstrated  the  unity  of  all  the  principal 
■»rat_- it:  r-li- water  deposits  hitherto  known  in  the  Western  Territories,  and 
jusnttwti  their  recognition  as  a  comprehensive  group  of  strata  under  the 
mini*  of  the  Laramie  Group,  which  represents  a  great  period  in  geolog- 
itntl  time,  and  especially  such  in  the  geological  history  of  North  America. 

The  known  extent  of  the  vertical  range  of  each  species  named  in  the 
tviluwtng  table,  within  its  own  group  of  strata,  has  been  indicated  on  pre- 
vi*.:us  pa^es  iu  the  notes  that  follow  each  list  of  the  fossils  which  were 
orsLIecced  m  the  localities  visited  during  the  season.  Their  geographical 
distribution  is  indicated  by  columns  iu  the  table  which  represent  certain 
ar*." itrarily  designated  regions  embracing  the  whole  extent  of  my  season's 
cr-kvels.  to  which  is  added  for  comparison  a  column  representing  the 
I'  t'tvr  Missouri  River  region. 
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River  Group ;  and  also  by  the* fact  that  several  similar  fossiliferons  hori- 
zons occur  near  to  and  both  above  and  below  the  plane  where,  for  stra- 
tigraphical  reasons,  we  find  it  desirable  to  make  the  division  between 
the  two  groups. 

Among  some  of  the  better  known  molluscau  species  just  referred  to,  I 
found  in  these  debatable  strata,  about  three  miles  east  of  Table  Rock 
SStation,  a  small  undescribed  Planorbix,  which  I  have  called  P.  virrw.* 

The  last  field-work  that  was  done  for  the  season  was  an  examination 
of  the  Laramie  strata  between  the  continental  watershed  aud  the  line  of 
outcrop  of  the  Fox  Hills  Group,  between  Separation  Station  and  Raw- 
lins Springs.  These  strata  have  there  all  their  usual  lithological  charac- 
teristics, and  their  aggregate  thickness  is  estimated  at  not  much  if  any 
less  than  4,000  feet.  The  only  fossils  found  there  were  a  few  fragments 
of  Unio  and  a  single  imperfect  specimen  of  Viviparm,  apparently  K. 
trochi/ormis  Meek  &  Hayden.  These  were  obtained  near  the  railroad 
about  a  mile  eastward  from  Separation  Station. 

GENERAL  DISCUSSION. 

The  desirability  of  extending  au  established  classification  of  strata  over 
the  whole  of  a  great  region  or  portion  of  a  continent  is  two  manifest  to 
need  comment.  Within  limited  areas  the  lithologieal  characteristics  of 
strata  are,  as  a  rule,  alone  sufficiently  constant  for  the  ready  recognition 
of  natural  groups ;  and  in  the  Western  Territories  there  is  so  unusual  a 
de«nx*e  of  constancy  in  this  respect  that  certain  of  the  established 
groups  of  strata  can  thus  be  satisfactorily  recognized  over  very  large 
areas.  But.  even  in  the  most  favorable  cases  of  this  kind  the  fossil  con- 
tents of  the  groups  are  the  most  trustworthy  guides  to  their  identity ; 
while  for  their  recognition  over  large  or  separate  regions,  their  fossils 
are  almost  the  only  guides  .worthy  of  confidence.  It  is  in  view  of  these 
facts  that  the  present  plan  for  paleontological  field-work  has  been  estab- 
lished, the  present  report  being  that  for  the  first  season's  labors  of  this 
kind. 

The  value  of  fossil  collections  for  the  purposes  just  indicated  depends 
ui>oii  two  circumstances,  namely,  the  geographical  distribution  of  the 
speeies  and  tyjK\s,  and  their  geological  or  vertical  range ;  and  for  the 
purpose  of  giving  a  synoptical  view  of  the  species  collected  during  this 
season's  labors,  together  with  their  geographical  distribution,  the  two 
following  general  tables  have  been  prepared,  the  one  of  Cretaceous, 
ami  the  other  of  Laramie  fossils.    Similar  and  equally  instinctive  tables 
of  any  and  all  other  groups  might  be  prepared,  but  the  present  object 
is  to  embrace  only  the  results  of  my  field  observations  for  the  year  1877. 
While  there  are,  as  has  already  been  shown  on   preceding  pages, 
some  important  exceptions  to  the  mle  of  constancy  of  paleontological 
characteristics  of  both  the  Laramie  and  Fox  Hills  Croups,  the  results  of 
this  season's  labors  give  gre;:t  reason  to  hope  that  a  perfectly  harmo- 
nious classification  may  be  established  for  the  strata  of  both  these  and 

in- 


tmootk  or  marked  only  by  the.  onliimry  stria?  of  growth.     Diameter  of  the  coil  of  tho 
urjri's?  cxaiaplo  discovered.  8  millimeters;  transverse  diameter  of  the  last  volutiou,  1J 


252  EEPOBT  UNITED  STATES  GEOLOGICAL  8UEVEY. 

Meek  for  the  Upper  Missouri  River  region  constitutes  a  natural  and 
reliable  basis  for  the  classification  of  the  Cretaceous  rocks  of  much  the 
greater  part  if  not  all  of  the  region  embracing  the  Western  States  and 
Territories.  The  modification  of  that  grouping  which  is  followed  in  this 
report,  consists,  as  already  explained  on  previous  pages,  only  in  omitting 
certain  of  the  subdivisions  which  were  recognized  in  the  Upper  Missouri 
Biver  region,  while  the  leading  features  are  retained  without  change. 

These  labors  have  also  demonsirated  the  unity  of  all  the  principal 
brackish -water  deposits  hitherto  known  in  the  Western  Territories,  and 
justified  their  recognition  as  a  comprehensive  group  of  strata  under  the 
name  of  the  Laramie  Group,  which  represents  a  great  period  in  geolog- 
ical time,  and  especially  such  in  the  geological  history  of  North  America. 

The  known  extent  of  the  vertical  range  of  each  species  named  in  the 
following  table,  within  its  own  group  of  strata,  has  been  indicated  on  pre- 
vious pages  in  the  notes  that  follow  each  list  of  the  fossils  which  were 
collected  at  the  localities  visited  daring  the  season.  Their  geographical 
distribution  is  indicated  by  columns  in  the  table  which  represent  certain 
arbitrarily  designated  regions  embracing  the  whole  extent  of  my  season's 
travels,  to  which  is  added  lor  comparison  a  column  representing  the 
Upper  Missouri  Iliver  region. 

Table  shoving  the  geographical  ditlribution  of  the  Cretacroui  tprcia  collected  during  Ike  tea- 
ton  of  1877. 
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The  column  representing  the  Upper  Missouri  River  region  is  added 
for  purposes  of  comparison,  in  recognition  of  the  classification  which  has 
been  established  by  Hayden  and  Meek  for  the  Creta^ceous  strata  there, 
as  a  standard  for  all  the  Cretaceous  strata  of  the  Western  Territories, 
The  existence  of  the  species  there  which  are  named  in  the  list  is  given 
on  the  authority  of  those  authors,  as  I  have  never  yet  visited  that  region 
in  person.  The  column  assigned  to  Eastern  Colorado  includes,  for  the 
present  purpose,  only  that  portion  of  it,  east  of  the  Kocky  Mountains, 
which  I  visited  during  the  season ;  and  the  same  may  be  said  of  the 
column  assigned  to  Northwestern  Colorado.  The  column  assigned  to 
Coalville  is  intended  to  include  the  whole  valley  of  Weber  River  in  that 
neighborhood ;  and  the  one  assigned  to  Bear  River  Valley  includes  also 
the  adjacent  portion  of  the  Valley  of  {Sulphur  Creek  up  to  Hilliard 
Station. 

In  the  table  of  the  Laramie  fossils  next  following,  one  of  the  vertical 
linos  separating  the  columns  which  represent  localities  or  regions  is 
made  double,  to  indicate  the  fact  that  those  upon  one  side  of  it  are  east, 
and  those  upon  the  other  side  of  it  west,  of  the  Rocky  Mountains.  Such 
a  modification  might  be  made  in  this  one,  but  it  is  hardly  necessary, 
because  few  tacts  are  more  patent  than  that  the  elevation  of  the  Rocky 
Mountains  began  long  after  the  deposition  of  the  latest  strata  repre- 
sented in  the  table. 

It  will,  of  course,  be  understood  that  this  table  embraces  only  the  col- 
lections made  either  by  myself  or  others  at  the  localities  which  I  visited 
during  the  season  of  1877.  It  not  only  does  not  represent  the  full  geo- 
graphical distribution  of  those  species,  but  it  is  probable  that  many 
other  species  will  yet  be  found  in  some  of  the  localities  which  have  been 
thus  visited.  There  is  a  notable  paucity  of  the  species  of  the  Colorado 
Group  represented  in  the  table.  This  is  in  large  part  due  to  the  fact 
that  its  strata  in  the  region  1  traversed  are  less  fossiliferous  than  those 
of  the  Fox  Hills  Group  are;  partly  to  the  fact  that,  being  softer,  they 
are  less  freely  exposed,  and  partly,  that  they  came  less  in  the  way  of  my 
season's  investigations. 

The  construction  of  the  following  table  of  the  Laramie  fossils  which 
have  been  collected  from  the  various  regions  visited  by  myself  during 
the  season  of  1S77  is  similar  to  that  of  the  preceding  table  of  the  Cre- 
taceous fossils.    The  species  are  not  only  thus  tabulated  for  a  synopti- 
cal  view,  but  the  table  shows  the  present  known  extent  of  their  geo- 
graphical distribution,  and  demonstrates  the  fact  that  all  the  principal 
brackish-water  beds  yet  known  in  the  Western  Territories  are  members 
of  one  comprehensive  group  of  strata  representing  a  great  period  in  the 
geological  history  of  North  America.    The  two  columns  representing  the 
Judith  River  and  Fort  Union  beds,  respectively,  are  introduced  for  pur- 
poses  of  comparison,  and  to  show  their  geological  equivalency  with  the 
strata  of  the  other  localities.    The  species  indicated  in  those  two  col- 
umns are  given  on  the  published  authority  of  Hayden  and  Meek,  as  I 
have  not  yet  visited  the  I'pper  Missouri  River  region  in  person.    The  two 
columns  designated  respectively  as  Eastern  and  Northwestern  Colorado 
are  of  course  intended  to  include  only  the  species  that  have  been  col- 
lected at  the  localities  which  I  have  visited  in  person,  and  which  havo 
been  discussed  on  preceding  pages  of  this  report.     The  column  assigned 
to  Uittcr  Creek  includes  the  whole  series  of  Laramie  strata  there:  the* 
dilVereaces  in  the  la  una  at  different,  horizons  of  the  series  Inning  already 
been  shown  are  not  repeated  here.     The  column  assigned  to  Bear  lliver 
Vallev  includes  the  species  of  both  brackish  and  fresh  water  beds  that> 
are  found  in  the  district  extending  from  the  mouth  of  Sulphur  Creek  to* 
►seven  miles  northward  from  Evaiiston,  Wyo. 
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Table  showing  the  geographical  distribution  of  tlm  fossils  of  the  Laramie  Group,  collected 

during  the  season  of  1&77. 
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Ninr.,— AHUrulc,  th««o  «|iefiei»  ■whh'h,  on  ncconnt  of  imperfection  <»f  the  spocinu-ns.  bav*-  imtht'rn  f*at- 
W-'HOTUy  rccogi»lx4."<l  are  not  included  in  thi*  liyt,  a.-*  tin-  y  were  isi  t  ho  lucnl  lirttn.    An  '.  fyll-.>v.inir  a  name. 
•*  "|^1t*■, iarticatei*  a  doubt  as  to  it«  aceuracv.     rLic-d  in  mn- nf  tin-  enlniuiiH  with  an  asteri  dc.  indicates 
iwaut  at  to  whether  the  species  found  at  the  locality  indicated  ia  really  the  one  nam-d  in  the  liat. 
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The  double  vertical  line  in  the  foregoing  table  may  be  taken  to  repre- 
sent the  Rocky  Mountains,  or  the  great  range  that  extends  northward 
through  Colorado,  Wyoming  and  Montana;  the  localities  or  districts 
represented  on  its  left  being  east,  and  those  on  its  right  west,  of  those 
mountains.  An  examination  of  the  table  will  show  that  this  mountain 
range  has  no  paleontological  significance  as  a  geographical  boundary 
between  those  eastern  and  western  localities  of  Laramie  strata,  because 
the  species  range  across  it  almost  as  freely  as  they  do  across  the  space 
which  separates  any  two  or  more  of  the  others.  Indeed,  the  great  con- 
trast that  is  presented  between  the  fauna  of  the  brackish-water  beds  of 
the  Laramie  Group  in  Rear  River  Valley  and  that  of  the  great  body  of 
the  group  elsewhere,  as  now  known,  is  not  marked  by  any  now  existing 
physical  feature,  and  what  the  real  cause  of  that  contrast  was,  yet  re- 
mains to  be  discovered.  It  is  evident  that  the  present  hypsometric  con- 
dition of  the  North  American  continent  has  no  direct  relation  to  the 
distribution  of  species  in  the  strata  of  the  Laramie  Group,  or  in  any  of 
the  Cretaceous  groups. 

It  is  a  fact  worthy  of  especial  notice  that  not  a  single  species  of  all 
those  that  have  been  found  in  the  brackish-water  beds  of  Bear  River 
Valley,  witli  perhaps  the  exception  of  a  Physa^  is  identical  with  any  that 
have  yet  been  fouiid  in  any  other  Laramie  strata;  those  indicated  in  the 
table  as  thus  identified  having  been  obtained  from  the  upper  Laramie 
beds  at  the  Evanston  coal-mines,  which  are  of  fresh-water  origin.  An- 
other significant  fact  is  that  those  species  which  are  thus  identified  are 
pulmonate  mollusks ;  the  species  which  differ  most  widely  from  other 
Laramie  forms  being  branchiferous  mollusks.  The  natural  inference 
from  this  fact  is  that  the  modifying  conditions  which  then  existed  in  this 
part  of  the  continent  produced  their  effect  upon  that  portion  of  the  in- 
vertebrate fauna  which  inhabited  the  principal  waters,  leaving  the  land 
and  palustral  fauna  comparatively  unchanged. 

Taking  a  general  view  of  the  species  as  represented  in  the  foregoing 
table  it  will  be  seen  that  the  palustral  pulmonates  occur  in  all  the  dis- 
tricts indicated,  and  that  land-shells  also  are  not  uncommon.  These 
facts,  together  with  the  identity  of  species  and  types  of  those  mollusks 
in  the  various  districts,  'indicate-  great  uniformity  throughout  the 
whole  Laramie  period  of  such  physical  conditions  as  would  affect 
those  mollusks.  In  considering  the  distribution  of  the  other  types 
represented  in  the  table,  namely,  those  of  the  branchiferous  mollusks, 
for  reasons  already  given,  those  of  the  brackish-water  beds  of  Bear 
River  Valley  must  be,  at  least  in  part,  excluded.  We  find,  however, 
that  the  l/nionidccy  Ccriphmiid(v}  and  Viviparidw,  among  fresh-water 
types,  and  the  Ostrcidw,  Anoni'ddcc,  Ct/renidw,  and  Gorbulidce,  among 
brackish-water  types,  are  common  to  all  the  districts  represented,  the 
Cyrcnidcv  being  especially  numerous  in  species  in  Eastern  Colorado.  Be- 
sides these,  there  are  other  types  belonging  to  both  categories  which,  so 
far  as  is  now  known,  are  less  widely  distributed,  but  those  families  just 
mentioned  are  sufficient  to  serve  as  a  basis  for  some  general  remarks 
which  are  to  follow.  So  far  as  may  be  seen  from  the  foregoing  table,  or 
from  any  similar  tabular  exhibition  of  species,  they  may  have  occurred 
promiscuously  associated  in  the  same  layers  at  any  and  all  of  the  locali- 
ties indicated.  On  the  contrary,  certain  of  these  types  are,  as  a  rule, 
confined  locally  to  certain  layers,  wliich  respectively  represent  the  ground 
of  their  former  habitats ;  bat  there  is  not  unfrequently  found  such  an 
admixture  of  types  in  one  and  the  same  layer  as  to  show  plainly  that 
some  of  them  must  have  been  drifted  to  the  places  of  their  present  en- 
tombment and  association. 
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It  is  easy  to  understand  how  the  light  shells  of  land  and  palustral 
gasterojMxls  might,  after  having  been  emptied  of  their  decomposed 
bodies,  have  been  drifted  to  almost  any  distance  unharmed,  and  finally 
have  found  entombment  with  the  shells  of  mollusks  that  lived  and  died 
iu  the  very  sediments  that  now  inclose  them  all.  lint  there  are  cases  of 
equally  heterogeneous  association  which  cannot  be  accounted  for  hi  that 
way.  These  eases  consist  of  the  presence  in  the  same  layers  of  the 
shells  of  branchiferous  mollusks,  both  conchifers  and  gasteropods,  be- 
longing to  types  that  are  respectively  recognized  as  of  brackish  and  fresh 
water  habitat.  It  is  well  known  that  the  shells  of  fresh-water  mollusks 
are  often  carried  down  by  the  current  of  rivers  and  deposited  in  the 
sediments  of  the  brackish  waters  of  estuaries  along  with  those  of  such 
mollusks  as  find  a  congenial  habitat  there.  Where  such  is  the  case  the 
drifted  shells  suffer  attrition,  the  effects  of  which  are  readily  recog- 
nized ;  the  oj>ercula  of  gasteropods  are  separated  from  the  shells,  and 
the  valves  of  conchifers  are  separated  from  each  other.  Besides  this 
the  sedimentary  accumulations  of  an  estuary  contain  inherent  evidence 
of  their  character  as  such  aside  from  that  which  is  afforded  by  the  ty]>cs 
of  its  niollusca:  such  as  accumulation  of  river  silt  with  its  current-worn 
fresh-water  shells,  and  the  peculiar  stratification  produced  by  floods  and 
changing  currents.  Although  it  has  been  not  uncommon  for  geologists 
to  speak  of  the  different  brackish-water  strata  of  the  Laramie  Group  as 
'*  estuary  beds,*  or  to  refer  to  them  as  of  estuary  origin,  I  do  not  know 
of  a  single  deposit  or  part  of  one  in  any  district,  or  iu  any  of  the  divis- 
ions of  the  great  Laramie  Group,  to  which  the  foregoing  test  of  its  estu- 
ary origin  can  be  applied. 

Although  rivers  of  greater  or  less  magnitude  must  necessarily  have 
flowed  into  the  Laramie  sea,  in  no  part  of  the  group  at  any  of  the  numerous 
localities  where  I  have  studied  it  have  1  found  the  character  or  condi- 
tion of  its  strata  in  any  way  indicating  that  they  were  either  influenced 
or  modified  by  fluvatile  influx.  On  the  contrary,  its  sandstones,  and 
most  of  its  other  lithological  features,  are  everywhere  of  the  same 
general  character  as  those  of  the  Fox  Hills  Group  of  Cretaceous  strata, 
which  are  plainly  of  marine  origin.  But  notwithstanding  this  evident 
uniformity  of  deposition,  a  large  proportion  of  the  fossiliferous  Laramie 
strata  contain  a  commingling  of  brackish  and  fresh- water  forms,  the  con- 
dition and  association  of  which  show  that  those  of  neither  category  could 
have  been  drifted  to  their  present  ]K>sition  from  a  different  habitat.  For 
example,  in  the  brackish-water  beds  of  Bear  liiver  Valley  great  num- 
bers of  the  shells  of  Corbioula,  Vorbula,  and  Unio  (two  species  of  the 
latter  genus)  are  found  associated  together  in  the  same  layers,  the  major- 
ity of  the  examples  of  all  of  which  have  both  their  valves  together  in 
their  natural  position.  Besides  this,  none  of  the  numerous  associated 
shells  of  gasteropods  show  any  evidence  of  attrition  such  as  they  would 
have  received  if  they  had  been  drifted.  These  facts  indicate  that  all 
the  mollusks  referred  to  lived  contemporaneously  in  the  same  waters, 
aud  that  the  sediment  upon  which  they  lived  is  the  same  as  that  which 
now  incloses  them.  It  is  a  well-known  fact  that  some  species  of  Corbi- 
cula  and  Seritina  may  live  in  waters  that  are  nearly  or  quite  fresh,  but 
the  presence  among  those  shells  of  the  Bear  lKver  strata  of  Corbtihtj 
Mtmbranipora,  and  a  few  scattered  oyster-shells  seems  to  make  it  certain 
that  the  waters  containing  all  of  them  were,  at  least  in  some  degree,  sa- 
line. It  also  seems  certain  that  there  was  some  alternation  of  the  degree 
of  saltneas  of  those  waters,  because  there  has  been  found  at  least  one 
thin  layer  there  which  is  composed  almost  wholly  of  a  small  Ontrea-y  with 
no  other  associated  shells. 

Again,  at  Black  Bnttes  Station  there  is  also  evidence  of  alternation  of 
Has 
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saltness  in  the  waters.  In  one  layer  Unto  and  Corbicula  in  abundance, 
the  former  represented  by  half  a  dozen  species,  are  associated  together, 
a  very  large  proi>ortion  of  all  of  them  having  their  valves  together  in 
natural  position,  showing  that  none  of  them  had  been  drifted ;  and  with 
these,  in  the  same  layer,  are  associated  Neritim  and  Melanin,  which  also 
show  no  evidence  of  having  been  drifted.  At  the  same  locality  there  are 
certain  layers,  alternating  with  other  fossiliferons  layers,  which  contain 
Ontrea  and  Anomia  alone,  and  which  probably  represent  the  maximum 
saltness  of  the  waters  that  prevailed  there.  There  are  also  other  alter- 
nating layers,  which  contain  fresh-water  types  alone,  which  probably 
represent  the  minimum  saltness,  or  ]>erhaps  entire  freshness  of  the  water 
that  prevailed  at  that  particular  place  at  certain  times,  and  the  layers 
containing  a  mixture  of  types  probably  represent  intermediate  grades 
of  saltness  of  those  waters.  It  is  remarkable  that,  with  all  this  varia- 
tion of  their  fossil  contents,  none  of  the  strata  present  any  evidence  of 
littoral  or  estuary  deposition. 

While  it  seems  evident  that  at  different  times  in  certain  places  these 
Laramie  waters  alternated  from  a  decidedly  salt  to  a  nearly  or  wholly 
fresh  condition,  it  seems  equally  evident  that  certain  species  belonging 
to  different  types,  the  representatives  of  which  are  now  found  only  in 
fresh  waters,  were  theu  capable  of  living  and  thriving  in  waters  that 
contained  a  considerable  degree  of  saltness.  The  species  referred  to 
belong  to  the  Unionidw,  Cariphasiidcc,  and  Melaniidw^thG  fact  of  the  asso- 
ciation of  certain  species  belonging  to  the  first  and  second  of  these  fam- 
ilies with  brackish -water  forms  at  Bear  River  Valley  having  been 
already  stated ;  and  on  previous  pages  the  association  of  Melanin  tcyo- 
mingcns'ut  and  M.  insculpta  with  Osirea  and  Anomia  has  already  been 
noted. 

It  is  a  remarkable  fact  that  the  species  belonging  to  the  three  families 
named,  which  are  found  with  the  brackish-water  associates,  almost  with- 
out exception  present  a  greater  degree  of  differentiation  than  those  do 
which  are  found  in  later  but  purely  fresh -water  deposits;  and  also  in 
some  cases  greater  than  that  which  is  shown  by  recent  congeneric  forms. 
This  fact  led  me  in  a  former  publication*  to  suggest  that  the  peculiar 
•differentiation  that  has  been  attained  by  our  North  American  Vnionidw 
began  under  the  influence  of  a  certain  degree  of  saltness  of  the  waters 
in  which  they  lived. 

There  are  "many  well-known  instances  of  living  species  of  mollusks, 
belonging  to  families  that  are  regarded  as  of  distinctively  marine  habitat, 
which  are  found  far  up  from  the  mouths  of  certain  rivers,  inhabiting 
waters  that  are  wholly  and  always  fresh,  to  which  habitats  they  seem 
to  have  made  their  way  against  opposing  and,  at  first,  uncongenial  con- 
ditions. On  the  other  hand  it  is  not  to  be  denied  that  instances  of  living 
mollusks  of  fresh-water  types  encroaching  utkhi  marine  waters  are  rare;  t 

*See  Hull.  U.  S.  Geol.  and  Geog.  Sur.  Terr.,  vol.  iii,  p.  fri3  ct  seq. 

t  The  Half  if,  Mark,  and  other  lidelen*  scjus  appear  to  atford  the  majority  of  the  known 
instances  of  ihe  commingling  of  living  fresh -water  with  brackish  or  marine  forms, 
and  these  occur  in  estuaries  whither  tho  fresh-water  forms  had  l>cen  carried  from  Iheir 
fluvial  ile  habitats  by  floods  or  the  ever-present  pressure  of  the  river-flow.  Fresh-water 
mollusks  in  saline  waters  are  not,  however,  always  there  by  compulsion,  because  upon 
the  shores  of  Great  Salt  Lake,  an  noted  by  Mr.  Gilbert  aud  myself,  a  species  of  Pnyna 
and  one  of  Lhnna>a,  both  of  which  are  common  in  the  fresh  waters  of  that  region,  have 
been  found  inhabiting  pools  of  water  that  was  found  to  be  much  too  salt  to  drink;  and 
at  tho  Hot  Sulphur  .Springs  in  Middle  Park,  Colorado,  I  found  the  same  species  in 
water  strongly  charged  with  sulphur.  In  both  these  cases,  however,  tho  adult  bizc  of 
the  individuals  was  considerably  less  than  that  of  those  found  in  fresh  waters.  The 
presence  of  tides,  even  in  waters  that  are  always  fresh,  seems  to  be  quite  uncongenial 
to  most  if  not  all  species  of  fresh-water  mollusks,  and  it  is  probably  this  condition 
that  aids  in  preventing  the  commingling  of  fresh  and  brackish  water  forma. 
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and  in  all  such  cases  their  changed  habitat  seems  to  have  been,  at  least 
in  some  degree^  forced  upon  them  by  environing  conditions ;  and  the 
individual  condition  of  those  niollusks,  when  compared  with  that  of  the 
same  species  in  fresh  waters,  shows  evidence  of  the  uncongeniality  of 
their  changed  habitat.  It  seems  impossible,  however,  to  account  for  the 
commingling  of  types  which  we  find  in  the  Laramie  strata  in  any  way 
except  by  assuming  that  they  lived  together  in  the  same  waters  5  and 
their  individual  condition  in  all  cases  suggests  that  they  all  thrived 
equally.  Furthermore,  it  seems  to  be  unquestionable  that  the  waters  in 
which  the  greater  part  of  this  commingling  of  types  took  place  possessed 
a  considerable  degree  of  saltness,  and  that  the  great  Laramie  sea  was 
essentially  one  of  brackish  waters. 

While  very  much  remains  to  bo  known  concerning  the  geological  struct- 
ure of  the  North  American  continent,  the  great  array  of  facts  that  have 
been  already  accumulated  enables  us  to  draw  from  them  many  legitimate 
conclusions  concerning  the  former  physical  conditions  of  certain  portions 
of  it,  and  to  begin  with  some  confidence  to  arrange  them  as  materials 
toward  its  physical  history.  The  following  remarks  upon  this  subject 
are  presented  as  supplementary  to  the  foregoing  report,  but.  they  are 
based  largely  upon  facts  that  have  been  previously  accumulated  and 
published  by  various  authors.  They  relate  almost  wholly  to  the  Mesozoic 
and  Cenozoic  Groups,  and  to  the  corresponding  epochs  in  the  geological 
history  of  the  continent.  They  are  necessarily  general  in  their  character, 
and  an?  intended  to  apply  especially  to  that  portion  of  the  national  do- 
main which  may  in  a  general  way  be  designated  as  lying  north  of  north 
latitude  37°  and  between  west  longitude  05°  and  113°. 

East  of  longitude  95°^  North  America  is  mainly  occupied  by  Paleozoic 
and  Archaean  rocks,  as  is  also  a  large  area  which  extends  northward  and 
south  ward  through  Western  North  America ;  the  eastern  bonier  of  the 
latter  area  being  adjacent  to  the  region  here  discussed,  and  not  far  from 
the  one  hundred  and  thirteenth  meridian  of  west  longitude.  These  two 
great  areas  are  taken  to  represent  approximately  the  outline  and  extent 
of  the  principal  portions  of  the  present  North  American  continent  that 
were  above  the  level  of  the  sea  at  the.  close  of  paleozoic  time.  A  broad 
expanse  of  Mesozoic  sea  then  stretched  between  these  two  continental 
factors,  which  were  finally  united  by  a  general  continental  elevation  and 
the  consequent  recedence  of  the  sea.  This  elevation  was  not,  prop- 
erly speaking,  catastrophal,  but  gradual  and  oscillatory.  That  inter- 
continental Mesozoic  sea  was  narrower  during  the  Jura -Trias  period  than 
it  was  afterward,  but  it  was  always  shallow  as  is  shown  by  the  lithologi- 
eal  character  of  the  strata  of  all  the  Mesozoic  formations ;  and  as  these  ag- 
gregate a  great  thickness  there  was,  of  course,  for  a  long  time,  and  over 
a  very  large  part  of  the  space  which  it  occupied,  a  gradual  subsidence 
of  the  bottom  which  allowed  the  successive  deposition  of  shallow-water 
formations.  The  following  facts  prove  the  occurrence  of  oscillations  of 
land  surface  and  sea-bottom  by  which  from  time,  to  time  the  eastern 
bowler  of  the  Mesozoic  sea  was  shifted  and  the  whole  finally  displaced. 

In  Western  Iowa,  Eastern  Nebraska,  and  Eastern  Kansas  the  Creta- 
ceous  strata  are  known  to  rest  directly  upon  Carboniferous  strata,  the 
Jura-Trias  being  absent.  The.sc  last-named  strata,  however,  are  iii  full 
force  where  the  Mesozoic  rocks  are  turned  up  against  the  eastern  Hanks 
of  the  Rocky  Mountains  and  Black  Hills,  as  well  as  farther  westward. 
Their  eastern  border  is  certainly  somewhere  in  the  great  plains  beneath 
later  Mesozoic  strata  and  the  prevailing  surface  debris,  but  its  location 
is  not  even  approximately  known.  Cretaceous  strata,  continuous  witli 
those  of  the  West,  are  known  to  have  been  deposited  as  far  eastward  as 
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within  fifty  or  sixty  miles  of  the  Mississippi  Biver  in  Northern  Iowa  and 
Southern  Minnesota,  southward  from  which  region  their  eastern  border 
gradually  recedes  to  the  westward  nearly  as  far  as  Central  Kansas.  In 
the  northeastern  region  just  named  it  is  the  attenuated  strata  of  the 
Fort  Benton  and  Niobrara  Groups  that  are  found,  and  these  rest  directly 
upon  the  Paleozoic  rocks,  the  Dakota  Group  being  absent  there.  In 
Western  Iowa  and  Eastern  Nebraska  the  strata  of  the  Dakota  Group 
are  found  to  rest  upon  the  Paleozoic  rocks,  the  former  extending  far- 
ther eastward  then  than  any  other  Cretaceous  strata ;  but  the  eastern 
lx>rder  of  the  Fort  Benton  and  Niobrara  Groups  are  there  not  very  far 
to  the  westward.  The  eastern  bonier  of  the  Fort  Pierre  and  Fox  Ilills 
Groups  or  the  later  Cretaceous  is  still  farther  westward,  but  its  position 
is  hidden  by  the  later  formations  and  the  prevailing  d6bri%  of  the  plains. 

From  the  foregoing  farts  the  following  inferences  may  be  legitimately 
drawn.  During  the  period  represented'  by  those  Western  rocks  which 
have  received  the  designation  of  Jura-Trias  (and  apparently  during  a 
portion  of  the  Permian  period  also),  the  western  shore-line  of  the  eastern 
or  principal  continental  factor  extended  so  far  westward  that  the 
eastern  border  of  the  deposits  of  the  j>eiiod  referred  to  reached  no  far- 
ther eastward  than  along  some  line  now  far  out  on  the  great  plains  but 
the  location  of  which  is  not  known.  It  is  now  covered  from  possible 
discovery  by  superimposed  Mesozoic  strata  and  the  prevailing  surface 
debriH.  At  the  close  of  the  Jurassic  period  a  subsidence  took  place  which 
carried  the  deposits  of  the  Dakota  Group  nearly  as  far  eastward  as  Cen- 
tral Iowa.  Still  later,  continued  subsidence,  but  of  more  limited  extent, 
to  the  southeastward  caused  the  dejwsition  of  Fort  Benton  and  Niobrara 
strata  still  farther  eastward,  in  Northern  Iowa  and  Southern  Minnesota. 
At  or  before  the  close  of  the  Niobrara  epoch,  the  elevation  of  the  west- 
ern portion  of  the  eastern  or  principal  continental  factor  was  resumed, 
and  apparently  continued  without  further  interruption  by  any  other  sub- 
sidence sufficient  to  curry  anv  of  the  recovered  or  added  land  surface 
again  beneath  the  level  of  the  sea ;  although  portions  of  the  area  which 
the  inter-continental  Mesozoic  sea  had  covered  were  afterward  occupied 
by  great  bodies  of  brackish  and  fresh  waters.  The  eastern  border  of  the 
later  Cretaceous  deposits  was  thus  carried  westward  where  its  place  is 
now  covered  like  that  of  the  earlier  border  of  the  Jura-Trias  deposits, 
but  not  so  deeply. 

The  eastern  border  of  the  Laramie  Group  is  hidden  in  the  same  man- 
ner, but  then*  is  yet  no  evidence  that  it  is  anywhere  overlapped  by  any 
subsequent  marine  deposit,  although  it  is  known  to  have  received  ui>on  it 
in  several  places  different  groups  of  fresh-water  strata.  Perhaps  no  fact 
in  the  physical  history  of  North  America  is  better  established  than  that 
the  elevation  of  the  Bocky  Mountains,  as  such,  is  of  later  date  than  that 
of  the  Laramie  Group,  but  the  foregoing  facts  show  that  both  oscillatory 
movements  and  general  continental  elevation  took  place  l>efore  the  be- 
ginning of  those  movements  which  resulted  in  the  elevation  of  those 
mountains,  Besides  the  oscillations  of  surface  which  have  already  been 
mentioned,  then1  an*  indications  that  other  similar  movements  occurred 
elsewhere  within  the  same  limits  of  time;  such,  for  example,  as  the  un- 
conformity of  the  Laiamic  strata  upon  those  of  the  Fox  Ilills  Group  in 
Middle  Park,  reported  by  Mr.  Marvinc;  the  unconformity  in  some  places 
of  the  J ura -Trias  upon  rocks  older  than  the  Carboniferous,  &c. 

I  hit  leaving  now  the  subject  of  the  elevation  and  subsidence  of  land 
surface  to  be  resumed  further  on,  the  prevailing  physical  conditions  of 
what  is  now  Western  North  America  may  now  be  considered.  No  fresh- 
water deposits  of  any  kind  have  yet  been  discovered  in  any  of  the  Paleo- 
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zoic  rocks  of  North  America,  unless  the  coal  of  the  Carboniferous  age 
may  be  regarded  as  such ;  but  even  in  that  ease  the  elevation  of  the  land 
upon  which  it  was  formed  could  have  been  only  barely  alx)ve  the  sea- 
level,  because  the  conformity  of  the  coal-beds  with  the  strata  above  and 
below  them  is  never  broken,  and  the  latter  strata  contain  marine  fossils. 
Therefore,  for  our  present  purpose,  all  the  Paleozoic  strata  may  be  re- 
garded as  of  marine  origin.  As  a  ride,  also,  all  the  Mesozoic  strata,  from 
the  Jura-Trias  to  the  Fox  Hills  Group  inclusive,  are,  by  the  character  of 
their  fossils,  known  to  be  of  marine  origin,  although  at  a  few  localities 
in  some  of  the  strata  of  each  period  fresh-water  inollusca  have  l>een  dis- 
covered. These  exceptions,  no  doubt,  indicate  the  proximity  of  then  ex- 
isting shores  rather  than  the  prevalence  of  any  such  bodies  of  either 
brackish  or  fresh  water  as  afterward  covered  wide  areas  in  the  same 
region. 

Resting  directly  upon  the  strata  of  the  Fox  Hills  Group  are  those  of 
the  Laramie  Group,  the  latter,  as  already  shown,  having  been  at  least  in 
part  deposited  continuously  with  the  former.  The  geographical  bounda- 
ries of  the  great  Laramie  formation  are  not  known,  but  its  area  embraces 
many  thousand  square  miles,  for  it  is  known  to  extend  from  Southern 
Colorado  and  Utah  northward  l>eyond  the  northern  boundary  of  the 
United  States ;  and  from  the  Wasatch  Mountains,  eastward  far  out  on 
to  the  great  plains.  It  reaches  a  maximum  thickness  of  about  4,000  feet, 
and  its  general  lithological  characteristics  are  similar  to  those  of  the 
Fox  Hills  Group,  a  known  marine  formation.  Its  fauna,  however,  has 
been  shown  to  be  largely  of  brackish  and  i>artly  of  fresh  water  origin, 
and  not  marine.  Furthermore,  the  brackish-water  species  arc*  distrib- 
uted throughout  its  entire  thickness  and  its  whole  geographical  extent. 
These  facts,  together  with  the  absence  from  all  the  strata  yet  examined 
of  any  true  estuary  characters,  show  that  the  Laramie  Group  was  depos- 
ited in  a  great  brackish-water  sea.  This  being  the  case,  it  must  have 
received  its  peculiar  character,  as  well  as  its  boundaries,  by  having  been 
separated  from  the  great  0]>en  sea  by  an  encircling  elevation  of  land; 
the  continuity  of  shore-line  having  been  completed  by  elevatious  con- 
necting the  two  great  continental  factors  at  the  northern  and  southern 
portions  of  the  inter-continental  Mesozoic  sea.  Whether  the  brackish  salt- 
ness  of  the  Laramie  sea  was  sustained  throughout  the  period  by  limited 
communication  of  its  waters  with  those  of  the  great  open  sea,  or  whether 
such  communication  was  entirely  cut  off,  and  the  supply  of  salt  above 
that  which  was  originally  retained  of  its  marine  saltness  came  by  adja- 
cent continental  drainage  in  amount  sufficient  to  balance  the  waste  by 
overflow,  can  probably  never  be  known,  but  the  latter  seems  probable.* 
If  the  former  condition  existed,  one  of  the  places  of  communication  was 
no  doubt  at  the  southeastern  bonier  of  the  Laramie  sea,  and  some  for- 
tunate exposure  of  strata  in  the  region  between  Western  Kansas  and 
the  Gulf  of  Mexico  may  yet  reveal  the  true  relations  of  the  Laramie 
Group  with  the  Cretaceous  and  Eocene  deposits  of  the  Gulf  border.  If 
tide-level  communication  between  the  Laramie  sea  and  the  great  open 
sea  was  entirely  cut  oflf,  as  there  is  much  reason  to  believe  it  was,  the 
question  of  such  relationship  or  contemporaneousness  of  deposition  must 
ever  remain  an  open  one. 

It  is  evident  that  the  movements  which  caused  the  inclosure  of  the 


*  The  frequent  presence  of  fresh- water  forma  in  the  strata  of  this  group,  from  its  has© 
to  top,  such  as  6"»w.  Melanin,  ViHparu*,  Campeloma,  Goniobtma,  &c,  are  suggestive  of 
the  non-existence  or  tides  in  its  waters,  such  as  would  have  existed  if  they  had  com- 
municated freely  with  the  open  sea,  for  the  living  representatives  of  these  mollusks  do 
not  find  a  congenial  habitat  in  tide- water,  even  if  it  be  fresh. 
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nio  sea  did  not  materially  interrupt  the  continuity  of  sedimentation 
11  a,t  least  a  very  large  part  of  its  area,  although  the  effects  of 
'  pliysical  changes  were  such  as  to  cause  a  total  change  in  at  least 
lolTuscan  fauna.  The  wide  geographical  distribution  and  great  ver- 
range  of  many  of  the  molluscan  species  of  the  Laramie  Group,  and 
jreat  uniformity  of  its  lithological  characters,  show  that  the  period 
ouo  of  comparative  quiet  within  the  region  wnich  was  occupied  by 
'liters.  There  were,  however,  some  comparatively  slight  oscillations 
iirface  or  sea-bottom  which  caused  local  unconformity  of  strata,  but 
e  cases  are  so  limited  in  extent,  so  far  as  they  are  known,  that  at  no 
t  distance  away  from  each  the  strata,  which  evideutly  correspond 
l  the  displaced  ones,  show  no  evidence  of  disturbance.  An  example 
ich  an  oscillation  is  illustrated  by  the  unconformity  among  Laramie 
ta  in  Bitter  Creek  Valley,  which  has  already  been  discussed, 
riiile  there  is  evidence  that  this  general  quiet  was  preserved,  not 
r  through  the  Laramie  period,  but  that  it  was  continued  into  the 
tiary  epochs  which  immediately  followed,  it  is  true  that  at  or  near 
close  of  the  Laramie  period  in  the  region  which  now  embraces  a  part 
iear  Eiver  Valley,  and  there  covered  in  part  by  the  western  border 
he  Laramie  sea,  tnere  was  an  extensive  displacement  of  the  Laramie 
L  older  strata,  which  brought  the  subsequently-formed  Tertiary  de- 
its  unconformably  upon  them.  These  facts  have  been  briefly  dis- 
sed  on  preceding  pages,  but  that  region,  with  its  important  geolog- 
L  and  paleontological  features,  I  have  yet  only  slightly  investigated. 
Lias  been  shown  on  preceding  pages  that  notwithstanding  these  and 
ibtless  other  disturbances  which  occurred  elsewhere  at  several  local- 
es, in  the  great  Green  Eiver  Basin  and  in  the  valleys  of  White  and 
inpji  li i vers  the  strata  show  satisfactory  evidence  that  there  was  eon- 
uous  sedimentation  from  the  close  of  the  Laramie  period  to  the  begin - 
ig  of,  and  during  the  Wasatch  epoch.  Besides  this,  the  continuity  of 
liiuentation  from  the  epoch  of  the  Wasatch  to  that  of  the  Bridger  Group 
■lusivc  is  a  fact  that,  so  far  as  I  am  aware,  is  disputed  by  no  one.  Ad- 
tting  these  facts,  together  with  the  conclusions  that  have  been  drawn 
preceding  pages,  we  have  in  these  Western  strata  an  unbroken  geo- 
rical  record,  extending,  at  least,  from  earlier  Mesozoic  far  into  Tertiary 
le ;  the  apparent  paleontological  breaks  in  that  record  being  really 
l,v  faunal  displacements,  which  were  caused  by  radical  changes  of  en- 
'onmeiit,  notably  the  removal  or  variation  of  the  saltnessof  the  waters 
it  were*  consequent  upon  the  different  physical  changes  which  took 
ice  in  the  progress  of  the  evolution  of  the  continent. 
Hie  already  accumulated  geological  facts  show  that  the  general  con- 
cntal  elevation  was  continued  after  the  Laramie  period  much  in  the 
ne  maimer  that  it  progressed  up  to  that  time  (for  the  Rocky  Mount- 
is  were  not.  yet  elevated),  still  inclosing  large  bodies  of  water,  but  which 
re  no  longer  salt.  The  elevation  of  the  Laramie  sea  was  doubtless,  at 
st,  only  slightly  above  that  of  the  great  open  sea,  but  the  elevation 
its  former  bed  was  no  doubt  considerably  increased  during  its  suc- 
sive  occupancy  in  part  by  the  Wasatch,  Green  lliver,  and  Bridger 
en.  There  must,  however,  have  been  a  gradual  subsidence  of  tho 
lout  of  each  of  these  great  bodies  of  fresh  water,  which  permitted  tho 
nntulajioii  of  the  immense  thickness  of  their  strata  which  now  re- 
in, besides  that  which  has  been  removed  by  erosion.  Free  drainage 
o\crilow  into  the  open  sea  must  also  have  been  maintained  during 
«e  Inter  epochs,  which  kept  their  waters  fresh,  but  which  evidently 
111,1  rx'st  during  the  Laramie  period;  but  it  is  not  my  purpose  to  dis- 
»■■■  l  hese  quest  ions  in  this  report.    It  is  proper,  however,  to  present  very 
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briefly  some  of  the  facts  that  bear  upon  the  physical  conditions  which 
prevailed  during  the  Laramie  period  within  the  region  that  was  occupied 
by  its  waters. 

Alter  the  facts  presented  and  the  remarks  made  upon  preceding  pages 
of  this  report  it  is  almost  superfluous  to  say  that  the  great  Laramie  Group 
is  regarded  as  having  been  deposited  in  a  brackish-water  sea,  which,  for 
extent  and  character,  has  no  existing  parallel.    There  are,  however,  cer- 
tain characteristics  of  fossil  fauna  and  strata  that  indicate  some  very 
peculiar  conditions  of  that  sea  then  existing  which  deserve  much  inves- 
tigation, but  which;  for  obvious  reasons,  can  receive  only  brief  consider- 
ation here.    First,  it  is  evident  that  at  all  times  its  waters  had  compara- 
tively little  depth,  and  that  in  many  places  it  was  repeatedly  very  shallow ; 
and,  furthermore,  that  the  great  thickness  of  the  group,  amounting  to  a 
maximum  of  4,000  feet,  was  accumulated  by  a  gradual  subsidence  of  the 
bottom.    As  a  rule,  its  molluscan  fauna  was  composed  of  brackish-water 
types,  but  often,  and  in  many  places,  the  waters  were  so  far  freshened  as 
to  give  congenial  habitat  to  fresh-water  forms.    Judging  from  the  char- 
acteristics of  existing  land-locked  seas,  it  is  difficult  to  understand  clearly 
how  fresh  and  brackish  waters  could  have  existed  in  one  and  the  same 
sea  in  the  absence  of  or  at  a  distance  from  the  mouths  of  tributary  rivers. 
But  the  character  of  the  deposits  of  the  Laramie  sea,  as  well  as  its  mol- 
luscan fauna,  warrants  the  suggestion  that  very  large  i>ortions  of  its  area 
were  at  different  times  and  in  different  places  in  the  condition  of  marshes, 
which  were  only  slightly  raised  above  the  general  water  level,  upon  which 
fresh  waters  from  rains  accumulated  and  gave  congenial  habitat  to  such 
members  of  the  molluscan  fauna  of  the  period  as  would  preferably  avoid 
the  brackish  waters.    This  view  is  supported  by  the  occasional  presence 
of  land-shells  among  those  of  branchifcrous  moUusks,  the  more  common 
occurrence  of  palustral  shells,  the  occurrence  of  deciduous  leaves  and 
other  fragments  of  vegetation,  all  in  the  same  or  associated  strata;  and 
also  the  presence  of  numerous  beds  of  lignite  throughout  the  group.    It 
is  also  supported  by  the  fact  that  the  fossil  mollusca  are  found  not  uni- 
formly distributed  throughout  the  group  either  vertically  or  geograph- 
ically, but  to  occupy  very  small,  distantly-separated  areas,  which  are  not 
only  locally  restricted,  but  within  which  areas  the  vertical  range  of  the 
different  species  is  limited.    Admitting  that  such  conditions  prevailed, 
it  is  easy  to  understand  how  it  may  have  happened  that  certain  layers, 
containing  the  remains  of  mollusca,  which  could  have  nourished  only  in 
salt  or  brackish  waters,  are  found  to  alternate  in  close  succession  with 
those  containing  fresh-water  species.    The  conditions  thus  indicated 
would  also  have  brought  the  brackish  and  fresh  water  habitats  of  those 
mollusca  into  such  juxtaposition  that  they  must  have  frequently  en- 
croached upon  each  other.    This  frequent  encroachment,  or  mingling  of 
habitats,  and  no  doubt  the  frequent  impracticability  of  retreat,  would 
have  had  a  tendency  to  inure  at  least  a  portion  of  the  mollusks  of  each 
to  an  existence  in  the  other.    It  is  evident  that  many  of  the  species  were 
capable  of  such  interchange  of  habitat  without  disadvantage;  and  that 
sonic  of  the  species  whose  living  representatives  are  regarded  as  strictly 
fresh-water  tonus  may  have  then  lived  in  part  in  brackish  waters,  such 
as  Melania,  Unio,  &c,  has  already  been  suggested. 

In  the  foregoing  report  i  have  purposely  avoided  an  expression  of 
opinion  as  to  the  true  geological  age  of  the  Laramie  Group, because,  not- 
withstanding the  positive  opinions  that  have  been  expressed  by  others 
upon  that  subject,  I  regard  it  as  still  an  open  question.  All  paleontolo- 
gists agree  that  the  Cretaceous  period  extended  at  least  to  the  close  of 
the  Fox  Hills  epoch,  and  that  the  Tertiary  period  began  at  least  as  early 
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Laramie  sea  did  not  materially  interrupt  the  continuity  of  sedimentation 
within  at  least  a  very  large  part  of  its  area,  although  the  effects  of 
those  physical  changes  were  such  as  to  cause  a  total  change  in  at  least 
the  molluscan  fauna.  The  wide  geographical  distribution  and  great  ver- 
tical range  of  many  of  the  molluscan  species  of  the  Laramie  Group,  and 
the  great  uniformity  of  its  lithological  characters,  show  that  the  period 
was  one  of  comparative  quiet  within  the  region  wliich  was  occupied  by 
its  waters.  There  were,  however,  some  comparatively  slight  oscillations 
of  surface  or  sea-bottom  which  caused  local  unconformity  of  strata,  but 
these  cases  arc  so  limited  in  extent,  so  far  as  they  are  known,  that  at  no 
great  distance  away  from  each  the  strata,  which  evidently  correspond 
with  the  displaced  ones,  show  no  evidence  of  disturbance.  An  example 
of  such  an  oscillation  is  illustrated  by  the  unconformity  among  Laramie 
strata  in  Bitter  Creek  Valley,  which  has  already  been  discussed. 

While  there  is  evidence  that  this  general  quiet  was  preserved,  not 
only  through  the  Laramie  period,  but  that  it  was  continued  into  the 
Tertiary  epochs  which  immediately  followed,  it  is  true  that  at  or  near 
the  close  of  the  Laramie  period  in  the  region  which  now  embraces  a  part 
of  Bear  Eiver  Valley,  and  there  covered  in  part  by  the  western  border 
of  the  Laramie  sea,  there  was  an  extensive  displacement  of  the  Laramie 
and  older  strata,  which  brought  the  subsequently-formed  Tertiary  de- 
posits unconformably  upon  them.  These  facts  have  been  briefly  dis- 
cussed on  preceding  pages,  but  that  region,  with  its  imi>ortant  geolog- 
ical and  paleontological  features,  I  have  yet  only  slightly  investigated. 
It  has  been  shown  on  preceding  pages  that  notwithstanding  these  and 
doubtless  other  disturbances  which  occurred  elsewhere  at  several  local- 
ities, in  the  great  Green  River  Basin  and  in  the  valleys  of  White  and 
Yampfi  Rivers  the  strata  show  satisfactory  evidence  that  there  was  con- 
tinuous sedimentation  from  the  close  of  the  Laramie  period  to  the  begin- 
ning of,  and  during  the  Wasatch  e]>och.  Besides  this,  the  continuity  of 
sedimentation  from  the  epoch  of  the  Wasatch  to  that  of  the  Bridger  Group 
inclusive  is  a  fact  that,  so  far  as  I  am  aware,  is  disputed  by  no  one.  Ad- 
mitting these  facts,  together  with  the  conclusions  that  have  been  drawn 
on  preceding  pages,  we  have  in  these  Western  strata  an  unbroken  geo- 
logical record,  extending,  at  least,  from  earlier  Mesozoic  far  into  Tertiary 
time ;  the  apparent  paleontological  breaks  in  that  record  being  really 
only  fauual  displacements,  which  were  caused  by  radical  changes  of  en- 
vironment, notably  the  removal  or  variation  of  the  saltnessof  the  waters 
that  were  consequent  upon  the  different  physical  changes  which  took 
place  in  the  progress  of  the  evolution  of  the  continent. 

The  already  accumulated  geological  facts  show  that  the  general  con- 
tinental elevation  was  continued  after  the  Laramie  period  much  in  the 
same  manner  that  it  progressed  up  to  that  time  (for  the  Rocky  Mount- 
ains were  not  yet  elevated),  still  inclosing  large  bodies  of  water,  but  which 
were  no  longer  salt.  The  elevation  of  the  Laramie  sea  was  doubtless,  at 
most,  only  slightly  above  that  of  the  great  open  sea,  but  the  elevation 
of  its  former  bed  was  no  doubt  considerably  increased  during  its  suc- 
cessive occupancy  in  part  by  the  Wasatch,  Green  River,  and  Bridger 
lakes.  There  must,  however,  have  been  a  gradual  subsidence  of  the 
bottom  of  each  of  these  great  bodies  of  fresh  water,  which  permitted  the 
accumulation  of  the  immense  thickness  of  their  strata  which  now  re- 
main, Iwsidcs  that  which  has  been  removed  by  erosion.  Free  drainage 
of  overflow  into  the  open  sea  must  also  have  been  maintained  during 
these  later  epochs,  which  kept  their  waters  fresh,  but  which  evidently 
did  not  exist  during  the  Laramie  period ;  but  it  is  not  my  purpose  to  dis- 
cuss these  questions  in  this  report.    It  is  proper,  however,  to  present  very 
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briefly  some  of  the  facts  that  bear  upon  the  physical  conditions  which 
prevailed  during  the  Laramie  period  within  the  region  that  was  occupied 
by  its  waters. 

After  the  facts  presented  and  the  remarks  made  upon  preceding  pages 
of  this  report  it  is  almost  superfluous  to  say  that  the  great  Laramie  Group 
is  regarded  as  having  been  deposited  in  a  brackish-water  sea,  which,  for 
extent  and  character,  has  no  existing  parallel.    There  are,  however,  cer- 
tain characteristics  of  fossil  fauna  and  strata  that  indicate  some  very 
peculiar  conditions  of  that  sea  then  existing  which  deserve  much  inves- 
tigation, but  which,  for  obvious  reasons,  can  receive  only  brief  consider- 
ation here.    First*  it  is  evident  that  at  all  times  its  waters  had  compara- 
tively little  depth,  and  that  in  many  places  it  was  repeatedly  very  shallow ; 
and,  furthermore,  that  the  great  thickness  of  the  group,  amounting  to  a 
maximum  of  4,000  feet,  was  accumulated  by  a  gradual  subsidence  of  the 
bottom.    As  a  rule,  its  mollusean  fauna  was  composed  of  brackish-water 
types,  but  often,  and  in  many  places,  the  waters  were  so  far  freshened  as 
to  give  congenial  habitat  to  fresh-water  forms.    Judging  from  the*  char- 
acteristics of  existing  land-locked  seas,  it  is  ditlicult  to  understand  clearly 
how  fresh  and  brackish  waters  could  have  existed  in  one  and  the  same 
sea  in  the  absence  of  or  at  a  distance  from  the  mouths  of  tributary  rivers. 
But  the  character  of  the  deposits  of  the  Laramie  sea,  as  well  as  its  mol- 
lusean fauna,  warrants  the  suggestion  that  very  large  portions  of  its  urea 
were  at  different  times  and  in  different  places  in  the  condition  of  marshes, 
which  were  only  slightly  raised  above  the  general  water  level,  upon  which 
fresh  waters  from  rains  accumulated  and  gave  congenial  habitat  to  such 
members  of  the  mollusean  fauna  of  the  period  as  would  preferably  avoid 
the  brackish  waters.    This  view  is  supported  by  the  occasional  presence 
of  land-shells  among  those  of  branchiferous  mollusks,  the  more  common 
occurrence  of  palustral  shells,  the  occurrence  of  deciduous  leaves  and 
other  fragments  of  vegetation,  all  in  the  same  or  associated  strata;  and 
also  the  presence  of  numerous  beds  of  lignite  throughout  the  group.    It 
is  also  supported  by  the  fact  that  the  fossil  mollusca  arc  found  not  uni- 
formly distributed  throughout  the  group  either  vertically  or  geograph- 
ically, but  to  occupy  very  small,  distantly-separated  areas,  which  are  not 
only  locally  restricted,  but  within  which  areas  the  vertical  range  of  the 
different  species  is  limited.    Admitting  that  such  conditions  prevailed, 
it  is  easy  to  understand  how  it  may  have  happened  that  certain  layers, 
containing  the  remains  of  mollusca,  which  could  have  nourished  only  in 
salt  or  brackish  waters,  are  found  to  alternate  in  close  succession  with 
those  containing  fresh- water  species.    The  conditions  thus  indicated 
would  also  have  brought  the  brackish  and  fresh  water  habitats  of  those 
mollusca  into  such  juxtaposition  that  they  must  have  frequently  en- 
croached upon  each  other.    This  frequent  encroachment,  or  mingling  of 
habitats,  and  no  doubt  the  frequent  impracticability  of  retreat,  would 
have  had  a  tendency  to  inure  at  least  a  portion  of  the  mollusks  of  each 
to  an  existence  in  the  other.    It  is  evident  that  many  of  the  species  were 
capable  of  such  interchange  of  habitat  without  disadvantage;  ami  that 
some  of  the  species  whose  living  representatives  are  regarded  as  strictly 
fresh- water  forms  may  have  then  lived  in  part  in  brackish  waters,  such 
as  Melania,  Unio,  &c,  has  already  been  suggested. 

In  the  foregoing  report  1  have  purposely  avoided  an  expression  of 
opinion  as  to  the  true  geological  age  of  the  Laramie  Group, because,  not- 
withstanding the  positive  opinions  that  have  been  expressed  by  others 
ui>oii  that  subject,  1  regard  it  as  still  an  open  question.  All  paleontolo- 
gists agree  that  the  Cretaceous  period  extended  at  least  to  the  close  of 
the  Fox  Hills  epoch,  and  that  the  Tertiary  period  began  at  least  a&  eaxlg 
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Laramie  sea  did  not  materially  interrupt  the  continuity  of  sedimentation 
within  at  least  a  very  large  part  of  its  area,  although  the  effects  of 
those  physical  changes  were  such  as  to  cause  a  total  change  in  at  least 
the  molluscan  fauna.  The  wide  geographical  distribution  and  great  ver- 
tical range  of  many  of  the  molluscan  species  of  the  Laramie  Group,  and 
the  great  uniformity  of  its  lithological  characters,  show  that  the  period 
was  one  of  comparative  quiet  within  the  region  which  was  occupied  by 
its  waters.  There  were,  however,  some  comparatively  slight  oscillations 
of  surface  or  sea-bottom  which  caused  local  unconformity  of  strata,  but 
these  cases  are  so  limited  in  extent,  so  far  as  they  are  known,  that  at  no 
great  distance  away  firom  each  the  strata,  which  evidently  correspond 
with  the  displaced  ones,  show  no  evidence  of  disturbance.  An  example 
of  such  an  oscillation  is  illustrated  by  the  unconformity  among  Laramie 
strata  in  Bitter  Creek  Valley,  which  has  already  been  discussed. 

While  there  is  evidence  that  this  general  quiet  was  preserved,  not 
only  through  the  Laramie  period,  but  that  it  was  continued  into  the 
Tertiary  epochs  which  immediately  followed,  it  is  true  that  at  or  near 
the  close  of  the  Laramie  period  in  the  region  which  now  embraces  a  part 
of  Bear  Biver  Valley,  and  there  covered  in  part  by  the  western  border 
of  the  Laramie  sea,  there  was  an  extensive  displacement  of  the  Laramie 
and  older  strata^  which  brought  the  subsequently-formed  Tertiary  de- 
posits unconformably  upon  them.  These  facts  have  been  briefly  dis- 
cussed on  preceding  pages,  but  that  region,  with  its  important  geolog- 
ical and  paleontological  features,  I  have  yet  only  slightly  investigated. 
It  has  been  shown  on  preceding  pages  that  notwithstanding  these  and 
doubtless  other  disturbances  which  occurred  elsewhere  at  several  local- 
ities, in  the  great  Green  Biver  Basin  and  in  the  valleys  of  White  and 
Yampji  Bivers  the  strata  show  satisfactory  evidence  that  there  was  con- 
tinuous sedimentation  from  the  close  of  the  Laramie  period  to  the  begin- 
ning of,  and  during  the  Wasatch  epoch.  Besides  this,  the  continuity  of 
sedimentation  from  the  epoch  of  the  Wasatch  to  that  of  the  Bridger  Group 
inclusive  is  a  fact  that,  so  far  as  I  am  a  warts  is  disputed  by  no  one.  Ad- 
mitting these  facts,  together  with  the  conclusions  that  have  been  drawn 
on  preceding  pages,  we  have  in  these  Western  strata  an  unbroken  geo- 
logical record,  extending,  at  least,  from  earlier  Mesozoic  far  into  Tertiary 
time ;  the  apparent  paleontological  breaks  in  that  record  being  really 
only  faunal  displacements,  which  were  caused  by  radical  changes  of  en- 
vironment, notably  the  removal  or  variation  of  the  saltness  of  the  waters 
that  were  consequent  upon  the  different  physical  changes  which  took 
place  in  the  progress  of  the  evolution  of  the  continent. 

The  already  accumulated  geological  facts  show  that  the  general  con- 
tinental elevation  was  continued  after  the  Laramie  period  much  in  the 
same  manner  that  it  progressed  up  to  that  time  (for  the  Bocky  Mount- 
ains were  not  yet  elevated),  still  inclosing  large  bodies  of  water,  but  which 
were  no  longer  salt.  The  elevation  of  the  Laramie  sea  was  doubtless,  at 
most,  only  slightly  above  that  of  the  great  open  sea,  but  the  elevation 
of  its  former  bed  was  no  doubt  considerably  increased  during  its  suc- 
cessive occupancy  in  part  by  the  Wasatch,  Green  Biver,  and  Bridger 
lakes.  There  must,  however,  have  been  a  gradual  subsidence  of  the 
bottom  of  each  of  these  great  bodies  of  fresh  water,  wlrich  permitted  the 
accumulation  of  the  immense  thickness  of  their  strata  which  now  re- 
main, Iwsides  that  which  has  been  removed  by  erosion.  Free  drainage 
of  overflow  into  the  open  sea  must  also  have  been  maintained  during 
these  later  epochs,  which  kept  their  waters  fresh,  but  which  evidently 
did  not  exist  during  the  Laramie  period;  but  it  is  not  my  purpose  to  dis- 
cuss these  questions  in  this  report.    It  is  proper,  however,  to  present  very 
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briefly  some  of  the  facts  that  bear  upon  the  physical  conditions  which 
prevailed  during  the  Laramie  period  within  the  region  that  was  occupied 
by  its  waters. 

Alter  the  facts  presented  and  the  remarks  made  upon  preceding  pages 
of  this  report  it  is  almost  superfluous  to  say  that  the  great  Laramie  Group 
is  regarded  as  having  been  deposited  in  a  brackish- water  sea,  which,  for 
extent  and  character,  has  no  existing  parallel.  There  are,  however,  cer- 
tain characteristics  of  fossil  fauna  and  strata  that  indicate  some  very 
]>eculiar  conditions  of  that  sea  then  existing  which  deserve  much  inves- 
tigation, but  which,  for  obvious  reasons,  can  receive  only  brief  consider- 
ation here.  First,  it  is  evident  that  at  all  times  its  waters  had  compara- 
tively little  depth,  and  that  in  many  places  it  was  repeatedly  very  shallow ; 
and,  furthermore,  that  the  great  thickness  of  the  group,  amounting  to  a 
maximum  of  4,000  feet,  was  accumulated  by  a  gradual  subsidence  of  the 
bottom.  As  a  rule,  its  mollusca  n  fauna  was  composed  of  brackish -water 
tyj>es,  but  often,  and  in  many  places,  the  waters  were  so  far  tVesheued  as 
to  give  congenial  habitat  to  fresh-water  forms.  Judging  from  the  char- 
acteristics of  existing  land-locked  seas,  it  is  difficult  to  understand  clearly 
how  fresh  and  brackish  waters  could  have  existed  in  one  and  the  same 
sea  in  the  absence  of  or  at  a  distance  from  the  mouths  of  tributary  rivers. 
But  the  character  of  the  deposits  of  the  Laramie  sea,  as  well  as  its  mol- 
luscau  fauna,  warrants  the  suggestion  that  very  large  portions  of  its  area 
were  at  different  times  and  in  different  places  in  the  condition  of  marshes, 
which  were  only  slightly  raised  above  the  general  water  level,  upon  which 
fresh  waters  from  rains  accumulated  and  gave  congenial  habitat  to  such 
members  of  the  molluscan  fauna  of  the  period  as  would  preferably  avoid 
the*  brackish  waters.  This  view  is  supported  by  the  occasional  presence 
of  land-shells  among  those  of  brauchiferous  mollusks,  the  more  common 
occurrence  of  palustral  shells,  the  occurrence  of  deciduous  leaves  and 
other  fragments  of  vegetation,  all  in  the  same  or  associated  strata;  and 
also  the  presence  of  numerous  beds  of  lignite  throughout  the  group.  It 
is  also  supported  by  the  fact  that  the  fossil  luollusca  are  found  not  uni- 
formly distributed  throughout  the  group  either  vertically  or  geograph- 
ically, but  to  occupy  very  small,  distantly-separated  areas,  which  are  not 
only  locally  restricted,  but  within  which  areas  the  vertical  range  of  the 
different  sjweies  is  limited.  Admitting  that  such  conditions  prevailed, 
it  is  easy  to  understand  how  it  may  have  happened  that  certain  layers, 
containing  the  remains  of  mollusca,  which  could  have  nourished  only  in 
salt  or  brackish  waters,  are  found  to  alternate  in  close  succession  with 
those  containing  fresh- water  species.  The  conditions  thus  iudieated 
would  also  have  brought  the  brackish  and  fresh  water  habitats  of  those 
mollusca  into  such  juxtaposition  that  they  must  have  frequently  en- 
croached upon  each  other.  This  frequent  encroachment,  or  mingling  of 
habitats,  and  no  doubt  the  frequent  impracticability  of  retreat,  would 
have  had  a  tendency  to  inure  at  least  a  portion  of  the  mollusks  of  each 
to  an  existence  in  the  other.  It  is  evident  that  many  of  the  species  were 
capable  of  such  interchange  of  habitat  without  disadvantage;  and  that 
Rome  of  the  species  whose  living  representatives  are  regarded  as  strictly 
fresh-water  forms  may  have  then  lived  in  part  in  brackish  waters,  such 
as  Melanin,  Unio,  &c,  has  already  been  suggested. 

In  the  foregoing  reix>rt  I  have  purposely  avoided  an  expression  of 
opinion  as  to  the  true  geological  age  of  the  Laramie  Group, because,  not- 
withstanding the  positive  opinions  that  have  been  expressed  by  others 
upon  that  subject,  1  regard  it  as  still  an  open  question.  All  paleontolo- 
gists agree  that  the  Cretaceous  period  extended  at  least  to  the  close  of 
the  Fox  Hills  epoch,  and  that  the  Tertiary  period  began  at  least  as  early 
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as  the  beginning  of  the  Wasatch  epoch;  and  the  question  is  whether  the 
Cretaceous  period  closed  "with  the  close  of  the  Fox  Hills  epoch  or  with 
that  of  the  Laramie  period.  The  question  might  be  extended  so  as  to 
embrace  the  inquiry  whether  the  .true  chronological  division  between 
Cretaceous  and  Tertiary  did  not  really  occur  within  the  Laramie  period ; 
but  this,  while  not  unreasonable,  would  perhaps  be  inconvenient  and  un- 
profitable. The  claim  that  Cretaceous  types  of  vertebrates  are  found  in 
even  the  higher  strata  of  the  Laramie  Group  is  freely  conceded,  and  I  have 
no  occasion  to  question  the  reference  that  has  been  made  of  its  fossil  plants, 
even  those  of  the  lowest  strata,  to  Tertiary  types.  The  invertebrate  fos- 
sils of  the  group  itself,  as  I  have  elsewhere  shown,  are  silent  upon  this 
subject,  because  the  types  are  either  unique,  are  known  to  exist  in  both 
Mcsozoicand  Tertiary  strata,  or  pertain  to  living  as  well  as  fossil  forms. 
Every  species  found  in  the  Laramie  Croup  is  no  doubt  extinctj  bnt  the 
types  have  collectively  an  aspect  so  modern  that  one  almost  instinctively 
regards  them  as  Tertiary ;  and  yet  some  of  these  types  are  now  known  to 
have  existed  in  the  Cretaceous  and  even  in  the  Jurassic  period. 

In  view  of  the  conflicting  and  silent  chancer  respectively  of  these  pa- 
leontological  oracles  the  following  suggestions  are  ottered :  It  is  a  well- 
known  fact,  that  we  have  in  North  America  no  strata  which  are,  accord- 
ing to  European  standards,  equivalent  with  the  Lower  Cretaceous  of 
Europe,  but  that  all  North  American  strata  of  the  Cretaceous  period  are 
equivalent  with  those  of  the  Upper  Cretaceous  of  that  part  of  the  world. 
That  the  Fox  Hills  Group  is  of  Upper  Cretaceous  age  no  one  disputes, 
the  only  question  being  as  to  its  place  in  the  series.  A  comparison  of  its 
fossil  invertebrate  types  with  those  of  the  European  Cretaceous  indicates 
that  it  is  at  least  as  late  as,  if  not  later  than,  the  Latest  known  Cretaceous 
strata  in  Europe.  If,  therefore,  that  parallelism  is  correctly  drawn,  and 
the  Laramie  Group  is  of  Cretaceous  age,  we  have  represented  in  America 
a  great  and  important  period  of  that  age  which  is  yet  unknown  in  any 
other  part  of  the  world.  Resides  this,  we  may  reasonably  conclude  that 
the  Fox  Hills  Group  of  the  west  is  equivalent  with  the  Upper  Creta- 
ceous strata  of  the  Atlantic?  and  Gulf  coasts,  between  which  and  the 
Eocene  Tertiary  of  those  regions  there  is  no  known  equivalent  of  the 
Laramie  Group. 

If  paleontologists  should  finally  agree  upon  regarding  the  Laramie 
Group  as  of  Cretaceous  age,  it  must  be  because  of  the  continuance  of 
certain  vertebrate  Cretaceous  types  to  the  close  ot  that  period,  and  the 
presence  of  mammalian  Tertiary  types  in  the  strata  immediately  follow- 
ing ;  but.  the  following  facts,  in  addition  to  those  which  have  been  already 
stated,  should  be  carefully  considered  Iveforc  any  such  agreement  is  made, 

"With  rare  and  obscure  exceptions  no  mammalian  remains  are  known 
in  North  American  strata  of  earlier  date  than  that  of  those  which  were 
deposited  immediately  after  the  close  of  the  Laramie  period  and  upon  its 
strata.  Immediately  from  and  after  the  close  of  the  Laramie  period 
their  abundant  remains  in  the  fresh-water  Tertiaries  of  the  West  show 
that  highly  organized  mammals  existed  in  great  variety  and  abundance; 
all  of  which  may  be  properly  regarded  as  constituents  of  a  Tertiary  fauna, 
and  many  of  which  are,  by  accepted  standards,  of  distinctively  Tertiary 
types.  If  the  presence  of  these  forms  in  the  strata  referred  to^  and  their 
absence  from  the  Laramie  strata  immediately  beneath  them,  together 
with  the  presence  of  Diuosaurians  there4,  be  held  to  prove  the  Tertiary 
age  of  the  former  strata,  then  was  the  Tertiary  period  ushered  in  with 
most  unnatural  suddenness.  Sedimentation  was,  at  least  in  part,  un- 
broken between  the  Laramie  Group  and  the  strata  which  contain  the 
mammalian  remains  referred  to,  so  that  the  local  conditions  of  the  ori- 
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frin  of  all  of  them  were  substantially  the  same,  and  yet,  so  far  as  any 
accumulated  evidence  shows,  those  mammalia  were  not  preceded  in  the 
^Laramie  period  by  any  related  forms.  Such  suddenness  of  introduction 
makes  it  almost  certain  that  it  was  caused  by  the  removal  of  some  phys- 
ical barrier,  so  that  ground  which  was  before  potentially  Tertiary  be- 
came so  by  actual  faunal  occupancy.  In  other  words,  it  seems  certain 
that  those  Tertiary  mammalian  types  were  evolved  in  some  other  region 
before  the  close  of  the  Laramie  period,  where  they  existed  contemporane- 
ously with  at  least  the  later  Laramie  Dinosaurians  of  Cretaceous  types, 
and  that  the  barrier  which  separated  the  faunae  was  removed  by  some 
one  of  the  various  movements  connected  with  the  evolution  of  the  con- 
tinent. The  climate  and  other  physical  conditions  which  were  essential 
to  the  existence  of  the  Dinosaurians  of  the  Laramie  period  having  evi- 
dently been  continued  into  the  Tertiary  epochs  that  are  represented  by 
the  Wasatch,  Green  Eiver,  and  Bridger  Groups,  they  might  doubtless 
have  continued  their  existence  through  those  epochs  as  well  as  through 
the  Laramie  period,  but  for  the  irruption  of  the  mammalian  horde,  to 
which  they  probably  soon  succumbed  in  an  unequal  struggle  for  exist- 
ence. 

CATALOGUES  OF  FOSSILS. 

The  following  lists  of  fossils  are  those  of  collections  which  have  from 
time  to  time  been  sent  to  the  office  of  the  survey  from  different  places  in 
the  western  part  of  the  national  domain  by  persons  who  are  not,  or 
were  not  then,  officially  connected  with  the  survey.  They  are  introduced 
here  partly  to  show  the  association  of  the  species,  a  part  of  which  were 
originally  described  in  publications  of  the  survey,  and  partly  to  show 
the  geographical  distribution  of  species  and  types,  especially  those  of 
Cretaceous  age,  in  the  strata  of  North  America. 

LIST  OF    CRETACEOUS    FOSSILS   SENT   BY   MB.  ARTHUR    LAKES  FROM 
BEAR  CREEK  VALLEY,  NEAR  MORRISON,  COLORADO. 

Fox  HilU  Group. 

1.  Pterin  linguiformi*  Evans  &  Shumard;  750  feet  below  the  coal.* 

2.  Pteria  (Pseudoptera)  fibrona  Meek  &  Hayden ;  750  feet  below  the  coal. 

3.  InoccramvA  oblongm  Meek ;  750  feet  below  the  coal. 

4.  Cardium  ftpeciomm  Meek  &  Hayden;  200  feet  below  the  coal. 

5.  Tellina  scitula  Meek  &  Ilayden;  200  feet  below  the  coal. 

6.  Mactraliolmesi  Meekly.;  750  feet  below  the  coal.  This  is  the  species 

which  was  originally  described  as  Cyrena  f  and  supposed  to  have 
belonged  in  Laramie  strata. 

7.  Pachymya  herseyi  White;  200  feet  below  the  coal. 

8.  Dentalium  gracile  Hall  &  Meek ;  200  feet  below  the  coal. 

9.  Lunatia  occidentals  Meek  &  Hayden ;  750  feet  below  the  coal. 
10.  Baculites  ovatus  Say;  750  feet  below  the  coal. 

1L  Scaphite*  nodosw  Owen;  750  feet  below  the  coal. 

12.  Scaphite*  mandanemis  Morton  t;  750  feet  below  the  coal.    This  is 

recognized  as  belonging  to  the  same  species  as  the  fragment  which 
waa  found  associated  with  Mactra  holmcsi  at  the  original  locality 
on  Balston  Creek.    (See  remarks  under  No.  6  of  this  list.) 

13.  Placenticera*  placenta  Dekay  (var.);  750  feet  below  the  coal. 

•The  coal  referred  to  is  within  and  near  the  base  of  the  Laramie  Group,  but  aU  the 
foaail*  of  the  tist  are  found  in  unmistakable  Cretaceous  strata. 


266      REPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

Colorado  Group. 

14.  Ostrea  congesta  Conrad.    From  limestone  layers  near  the  top  of  the 

group. 

15.  Inoceramus  defonnis  Meek.    From  limestone  layers  near  the  top  of 

the  group. 

16.  Inoceramus  problematicw  Schlot.    From  limestone  layers  near  the 

top  of  the  group. 

LIST  OF  FOSSILS  SENT  BY  MR  L.  C.  WOOSTER  FROM  THE  VICINITY  OF 

GREELEY,  COLORADO. 

Fox  Hills  Group. 

1.  Pteria  (Oxytoma)  nebrascana  Evans  &  Shumard.    Valley  of  the 

Cache  ft  la  Poudre. 

2.  Pachymya  f  herseyi  White.    Mouth  of  the  St.  Vrains.    It  is  described 

and  figured  in  another  part  of  this  volume. 

3.  Kucula  planimarginata  Meek  &  Hayden.    Valley  of  the  Cache  ft  la 

Poudre. 

4.  Tancredia  americana  Meek  &  Hayden.    Valley  of  the  Cache  ft  la 

Poudre. 

5.  Cardinum  speciosum  Meek  &  Hayden.    Valley  of  the  Cache  ft  la 

Poudre. 

6.  TcUina  scitula  Meek  &  Hayden.    Valley  of  the  Cache  ft  la  Poudre. 

7.  Mactra  (Cymbophora)  warrenana  Meek  &  Hayden.    Valley  of  the 

Cache  ft  la  Poudre. 

8.  Dentalium  gracile  Hall  &  Meek.    Valley  of  the  Cache  ft  la  Poudre. 

9.  Actceon  woosteri  White.    Valley  of  the  Cache  ft  la  Poudre. 

10.  Lunatia  moreauensis  Meek  &  Hayden!    Valley  of  the  Cache  ft  la 

Poudre. 

11.  Fasciolaria  (PiestocJieilus)  culbertsoni  Meek  &  Hayden.    Valley  of 

the  Cache  ft  la  Poudre. 

Laramie  Group. 

12.  Corbula  perundata  Meek  &  Hayden.    Valley  of  Crow  Creek. 

13.  Corbicula  (Leptcsthes)  fracta  Meek.    Valley  of  Crow  Creek. 

LIST  OF  CRETACEOUS  FOSSILS  SENT  BY  MR.  J.  0.  HERSEY  FROM  COL- 
ORADO. 

Fox  Hills  Group. 

1.  Pteria  ( Oxytoma)  nebrascana  Evans  &  Shumard.    Valley  of  the  Cache 

ft  la  Poudre. 

2.  Inoceramus  barabini  Morton.    Monument  Creek. 

3.  Pachymya  herseyi  White.   Valley  of  the  Cache  ft  la  Poudre.  Described 

and  iigured  in  another  pail  of  this  volume. 

4.  Xucula  cancellata  Meek  &  Hayden.    Valley  of  the  Cache  ft  la  Poudre. 

5.  VenicUa  humilis  Meek  &  Hayden.    Valley  of  the  Cache  ft  la  Poudre. 

6.  Tancredia  americana  Meek  &  Hayden.     Valley  of  the  Cache  ft  la 

Poudre. 

7.  Tancredia  f  ccelionotus  White.    Valley  of  the  Cache  ft  la  Poudre.    It 

is  described  and  figured  in  another  part  of  this  volume. 
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8.  Cardium  speciosum  Meek  &  Hayden.     Valley  of  the  Cache  &  la 

Poudre. 

9.  TeUina  scitula  Meek  &  Hayden.    Valley  of  the  Cache  &  la  Poudre. 

10.  Mactra  (Cymbophora)  warrenana  Meek  &  Hayden.     Valley  of  the 

Cache  &  la  Poudre. 

11.  DcntaUum  graeile  Meek  &  Hayden.    Valley  of  the  Cache  &  la  Poudre. 

12.  Lunatia  moreauensis  Meek  &  Hayden.     Valley  of  the  Cache  &  la 

Poudre. 

Colorado  Group. 

13.  Gryphwa  pitcheri  Morton!    Valley  of  the  Cache  k  la  Poudre  above 

Fort  Collins.    This  seems  to  belong  to  this  species,  but  it  is,  so 

far  as  I  am  aware,  the  most  northerly  point  at  which  an  example 

of  it  has  been  discovered. 
11  Inoceramus  problematicus  Schlotheim.    Spring  Cauon,  sixteen  miles 

west  of  Greeley,  Colo. 
15.  Inoceramxi8  deformis  Meek.     Spring  Canon,  sixteen  miles  west  of 

Greeley,  Colo. 

U8T  OF  CRETACEOUS  FOSSILS  SENT  BY  CAPT.  E.  L.  BERTHOND,  FROM 

COLORADO. 

Fox  Sills  Group. 

1.  Inoceramus  oblongus  Meek.    Fossil  Creek,  16  miles  west  of  Greeley, 

Colo. 

2.  Nucula  plaminarginata  Meek  &  Hayden.    Near  Golden,  Colo. 

3.  ITucula  cancellata  Meek  &  Hayden.    Near  Golden,  Colo. 

1  Baculites  ovatus  Say.    Fossil  Creek,  10  miles  west  of  Greeley,  Colo. 

Colorado  Group. 

5.  Ostrea  congesta  Conrad.    Bear  Creek  Valley,  near  Morrison,  Colo. 
&  Inoceramus  deformis  Meek.    Bear  Creek  Valley,  near  Morrison,  Colo. 

JJST  OF  CRETACEOUS  FOSSILS  SENT  BY  PROF.  O.  H.  ST.  JOHN,  FROM 
NEAR  CIMARRON,  NEW  MEXICO,  FROM  STRATA  REFERRED  TO  THE 
p0X  HILLS  GROUP. 

!•  Caryophyllia  johannis  White.    Described  and  figured  in  another  part 
of  this  volume. 

*  Ostrea  congesta  Conrad  f    This  is  a  small  oyster  attached  to  some 

fragments  of  an  Inoceramus  resembling  those  of  1.  deformis  or  I. 
erectus  Meek.  It  may  not  belong  to  this  species,  but  like  the  one 
found  attached  to  I.  erectus  in  Fox  Hills  strata,  at  Coalville,  Utaii, 
it  is  difficult  to  say  how  it  differs. 

*  Ostrea •    An  undetermined  species. 

j  Anemia .    An  undetermined  species. 

y  Camptonectes .    An  undetermined  species. 

y  Pteria  linguiformis  Evans  &  Shumard. 

£  Inoceramus  barabini  Morton. 

J  Inoceramus  vanuxemi  Meek  &  Hayden. 

*»•  Inoceramus  erectus  Meek!     Mere  fragments,  with  Ostrea  congesta? 

attached.    (See  remarks  under  No.  2.) 
«"•  Crastatella  (PachytJuerus)  cimarronensis  White.    It  is  described  and 

figured  in  another  part  of  this  volume. 
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11.  Trapizium.    Undetermined  species. 

12.  Idonearca  shumardi  Meek  &  Hayden!    Examples  all  very  smalL 

13.  Cattista  pettucida  Meek  &  Hayden. 

14.  Teredo  t    Separated  tubes  only. 

15.  Anisomyon  alveolus  Meek  &  Hayden. 

16.  Margarita .  Undetermined  species.    Perhaps  new. 

17.  LunaHa .  Undetermined  species. 

18.  Turritella .    Undetermined  species. 

19.  AporrJtais  biangulata.  Meek  &  Hayden. 

20.  Spironema .    Undetermined  species.    Perhaps  new. 

21.  PpramideUa .    Undetermined  species. 

22.  Turbonilla  (Ghemnitzia  t) .    Undetermined  species. 

23.  Fasciolaria,  (Piestocheilus) .    Undetermined  species. 

24.  Bacultes  ovatus  Say. 

25.  Scaphites  nodosus  Owen  t 

26.  Placeniticeras  placenta  Dekay. 

27.  Serpula .    Undetermined  species. 

28.  Undetermined  Crnstacean.    Probably  a  Brachyuran. 

The  specimens  of  this  collection  have  had  their  specific  and  other 
characters  much  obscured  by  compression,  and  by  calcareous  encrusta- 
tion. 

LIST    OF    CRETACEOUS   FOSSILS    SENT   BY  PROF.    B.  F.  MUDGE,  FROM 

DENNISON,  TEXAS. 

1.  Ostrea  quadriplicata  Shumard. 

2.  Ostrea  (Alectryonia)  beUaplicata  Shumard. 

3.  Gryphcca  pitcheri  Morton. 

4.  Neithea  texana  Roemer. 

5.  Trigonia  emoryi  Conrad. 

6.  Turritella .    Undetermined  species. 

7.  Auchura  (BrepanocJieilus)  mudgeanus  White.    This  species  was  found 

in  the  form  of  natural  casts,  together  with  those  of  several  other 
undetermined  species,  in  a  mass  of  red  hematite.  The  mass  also 
contained  partial  casts  of  two  or  three  of  the  species  of  this  list, 
showing  that  the  hematits  came  from  the  same  formation.  It  is 
described  and  figured  in  another  part  of  this  volume. 

LIST  OF  CRETACEOUS    FOSSILS   SENT  BY  MR.  G.  W.  MARNOCH,  FROM 

NEAR  HELOTES,  BEXAR  COUNTY,  TEXAS. 

1.  OrbituUtes  texanus  Rcemer.* 

2.  Astroccenia  sancta-safice  Kcemer. 

3.  Toxaster  texanus  RcBmer. 

4.  Toxaster  elegans  Shumard. 

5.  IHadema  texanum  Roemer. 

6.  Cyphosoma  texana  Roemer. 

7.  Ctdaris  liemigranosus  Shumard. 

8.  Hippurites  texanus  Reenter. 

9.  Radiolites  austinensis  Roemer. 

10.  Terebratula  wacoensis  Rcemer. 

11.  Ostrea  subspatula  Lyell  &  Sowerby. 

12.  Ostrea  eongesta  Conrad. 

13.  Ostrea  (Alectryonia)  carinata  Lamarck  f 

*Tlie  nomenclature  of  the  respective  authors  is  here  used  'without  any  attempt  at 

rectification. 
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14.  Oryphwa  pitcheri  Morton.  Besides  forms  like  those  figured  by 
Morton,  Rcemer,  and  other  authors,  there  are  in  this  collection 
some  large  examples  that  are  doubtless  only  a  variety  of  G.  pitcheri. 
The  radiating  prominence  common  to  the  larger  valve  of  most  of 
the  typical  examples  is  in  this  variety  very  prominent,  angular, 
and  roughened  by  occasional  projecting  or  vaulted  laminae. 

15.  Exogyra  arietina  Rcemer. 

10.  Exogyra  texana  Rceiner. 

17.  Exogyra  ponderosa  Rcemer. 

18.  Exogyra  costata  Say. 

19.  Neithea  texana  Rcemer. 

20.  Inoceramus .    Undetermined  species. 

21.  lAma  leonensis  Conrad. 

22.  Trigonia  emoryi  Conrad. 

23.  Protocardia  texana  Conrad. 

24.  Anatina .    Undetermined  species. 

25.  Liopistha  (Cymella) .    Undetermined  species. 

2C  Cueullea  terminate  Conrad. 

27.  Gyrodes .    Undetermined  species. 

28.  Pleurotomaria .    Undetermined  species. 

20.  Twrritella  marnochi.    White.    Described  and  figured  in  another  part 

of  this  volume. 
3ft  Turritella .    Undetermined  species. 

31.  Nerinaa .    Undetermined  species. 

32.  Turbonilla  f .    Undetermined  species. 

33.  Ammonites  peruvianas  Von  Buch. 

34.  Ammonites  flaecidicosta  Rcemer. 

35.  Ammonites  tvoolgati  MantelL  f 
&  TurrUites  brazosensis  Rcemer. 

WBT  OP  CBETACEOUS  FOSSILS  SENT  BY  D.  H.  WALKEB  TO  THE  SMITH- 
SONIAN INSTITUTION,  FROM  NEAB  SALADO,  BELL  COUNTY,  TEXAS. 

1*  Astrocoenia  sancta-sabce  Rcemer. 

2*  Toxaster  texana  Rcemer. 

*  Toxaster  elegans  Shumard. 

*•  Diadema  texanum  Rcemer. 

£  typhosoma  texanum  Rcemer. 

y  Bippurites  texanus  Rcemer. 

£  mdiolites  austinensis  Rcemer. 

j*  Terebratula  tcacoensis  Rcemer. 

*•  Ostrea  congesta  Conrad. 

10.  Ostrea .  A  large  undetermined  species. 

**•  Ostrea  {Alectryonia\subovata  Shumard.!  This  appears  to  be  iden- 
tical with  Dr.  ohumard's  species  as  figured  and  described  in 
Marcy's  Exploration  of  the  Red  River  of  Louisiana,  but  the 
description  is  brief  and  the  figure  poor. 
**•  Ostrea  (Alectryonia)  carinata  Lamarck  f  This  is  the  species  which 
has  been  usually  referred  to  0.  carinata  Lamk.,  and  the  same  as 

-  No.  13  of  the  preceding  list,  but  it  is  probably  specifically  distinct. 
*"*■  OryphoM  pitcheri  Morton.    The  specimens,  as  usual,  present  consid- 
erable variety;  this  being  the  most  variable  species  of  the  genus 

-  known. 

1  txogyra  vaUceri  White.    Described  and  figured  in  another  part  of 
1K      this  volume. 
*  Exogyra  UeviusctUa  Rcemer. 
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1C.  Exogyraponderosa 'RcRmer. 

17.  Exogyra  texana  Rcemer. 

18.  Exogyra  arietina  Roemer. 

19.  Spondylus  f .    This  is  apparently  a  Spondylus.    The  few  ex- 

amples of  it  in  the  collection  are  attached  at  full  length  to  other 
fossil  shells.  It  is  about  two  and  a  half  centimeters  long,  and  the 
surface  marked  by  numerous  fine  radiating  lines. 

20.  Modiola  sancta  sabee  Rcemer.* 

21.  Neithea  duplicate  Rcemer. 

22.  Neithea  texana  Roemer. 

23.  Pinna ,f   Undetermined  species. 

24.  Inoceramus  deformis  Meek  f 

25.  Inoceramtis .    A  large  broad  species. 

23.  Lima .    A  robust  spinulose  species. 

27.  Trigonia  emoryi  Conrad. 

28.  Tapes  hilgardi  Shumard. 
20.  Protoeardia  texana  Conrad. 

30.  Arcopagiu  texana  Roemer. 

31.  Anatinal .    Undetermined  species. 

32.  Liopistha  sanotasabw  Rcemer  sp. 

33.  Corymya .    This  species  resembles  an  elongate  Qlycymeris, 

but  it  has  the  internal  rib  radiating  from  the  beak  of  each  valve, 
which  characterizes  Corymya.  The  collection  contains  only  one 
example,  an  internal  cast.    The  species  is  undetermined. 

34.  Pachymya  austinensis  Shumard. 

35.  Actcconella  dolium  Rcemer. 

30.  Spiraetccon .  Undetermined  species. 

37.  Pleurotomariuf  — .    The  examples  are  rather  large,  and  being 

imperfect  their  generic  characters  cannot  be  clearly  determined, 
but  they  appear  to  possess  the  general  characteristics  of  Plcu- 
rotomaria. 

38.  lAinatia  collina  Conrad  sp. 
30.  lAinatia pedcrnalis  Roemer  sp. 

40.  Nautilus  elegans  Sowerby. 

41.  Nautilus .  Undetermined  species.    A  cast  only. 

42.  Ammonites  flaccidicosta  Roemer. 

43.  Ammonites  leonensis  Conrad. 

44.  Ammonites  peruvianas  Von  Buch. 

45.  Placentieeras  placenta  DeKay. 
40.  Turrilites  brazosensis  Roemer. 

47.  Serpula  intrica  White. 

48.  Serpula .    A  large  undetermined  species. 

Taking  a  general  view  of  the  Cretaceous  faunae  of  the  different  regions 
of  Western  North  America,  Ave  find  that  there  is  a  marked  difference 
between  certain  of  the  widely  separated  regions.  For  example,  the  fauna 
of  the  Texas  region,  including  portions  of  the  adjacent  Territories ;  that 
of  the  Pacific  coast,  especially  California,  and  that  of  the  Upper  Mis- 
souri River  region,  are  each  found  to  possess  well-marked  fanual  pecu- 
liarities. Not  only  are  almost  all  the  species  in  each  region  different 
from  those  of  any  of  the  others,  but  several  of  the  higher  groups,  as  well 
as  peculiar  types,  are  found  to  be  restricted  to  each.  The  differences  of 
this  character  are  as  great,  if  not  greater,  between  the  Texas  and  Upper 
Missouri  River  regions  as  they  are  between  either  of  these  and  that  of 

*Ah  a  rule  I  adopt  the  nomenclature  of  the  various  authors  in  this  list  without  any 
attempt  at  reetitication. 
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the  Pacific  coast ;  and  yet,  for  reasons  suggested  in  the  following  re- 
marks, it  is  probable  we  shall  be  able  to  con-elate  the  strata  of  the  Upper 
Missouri  River  region  with  those  of  the  Texas  region  more  directly  than  with 
those  of  the  Pacific  coaat.  No  doubt  the  Cretaceous  sea  connected  the 
Texas  and  Upper  Missouri  River  regions  directly,  without  the  interposi- 
tion of  land  surface,  great  or  small,  and  the  strata  of  Cretaceous  age  may 
now  be  traced  nearly  or  quite  continuously  from  one  region  to  the  other : 
while  it  is  certain  that  one  or  more  continental  factors  were  interposed 
between  these,  together  with  their  intermediate  region,  and  the  waters 
which  then  covered  what  is  now  the  Pacific  coast  region.  It  is  in  the  in- 
termediate region  between  that  of  Texas  and  the  Upper  Missouri  River 
that  my  labors  for  1877  were  prosecuted,  and  a  part  of  the  collections 
made  by  others  and  recorded  in  the  immediately  preceding  lists  were 
obtained  in  the  same  intermediate  region.  Besides  these,  collections 
have  been  made  by  various  parties  of  the  United  States  surveys  in  the 
same  and  adjacent  regions,  all  of  which  show  a  commingling  of  the  forms 
which  are  among  those  that  are  respectively  peculiar  to  each  of  the  sep- 
arated regions.  It  is  expected  that  this  subject  will  receive  especial 
attention  in  future  reports,  but  the  following  prominent  facts  may  be 
noted  hero,  the  comparisons  being  mostly  between  portions  of  the  Texas 
and  Upper  Missouri  River  regions,  respectively. 

Collections  from  the  Cretaceous  rocks  of  Texas  show  a  remarkable 
profusion  of  the  Ostreidoe,  especially  of  the  genera  Oryphwa  and  Exogyra. 
So  far  as  I  am  aware,  no  example  of  OrypJiwa  has  been  found  iii  any 
Cretaceous  strata  of  the  West  north  of  latitude  41° ;  nor  any  example  of 
Exogyra  north  of  latitude  38° ;  these  parallels  being  used  for  conven- 
ience as  approximate  boundaries.  While  it  is  possible  they  do  exist  north 
of  those  boundaries  respectively,  it  is  very  certain  they  are  exceedingly 
rare  there.  These  remarks  apply  only  to  Cretaceous  rocks,  for  Oryphcea 
is  well  known  to  exist  in  Jurassic  rocks  much  farther  north.  Southward 
from  those  boundaries  respectively,  the  two  genera  named  are  well  rep- 
resented, but  they  apparently  reach  their  greatest  abundance  in  Texas, 
in  the  rocks  of  which  region  at  least  six  species  of  Exogyra  are  found. 

Again,  the  Hippuritidie  are  common  in  the  Cretaceous  rocks  of  Texas, 
but  I  am  not  aware  that  an  example  of  any  species  of  the  family  has  ever 
been  found  north  of  latitude  35° ;  and  the  same  may  be  said  of  the  genus 
Nerinara,  two  or  three  species  of  which  are  found  in  Texas,  but  none  far- 
ther northward.  Echinoderms  are  very  rare  in  the  Cretaceous  rocks  of 
North  America,  except  in  those  of  Texas,  where  they  are  not  uncommon, 
but  hitherto  none  but  the  Echinoidea  have  been  discovered,  so  far  as  I  am 
aware.  Northward  from  that  region  only  one  representative  of  the 
Crinoidea,  one  of  the  Asteroidca,  and  one  of  the  Echinoidea  have  been 
found.  Besides  these  differences,  there1:  are  many  genera  and  some  fam- 
ilies well  represented  in  one  region  that  arc  not  known  or  only  slightly 
represented  in  the  other. 

Aside  from  these  fauna!  differences  between  different  regions  of  North 
America,  which  seem  not  to  have  been  duo  to  separation  by  then  exist- 
ing land  barriers,  nor  to  mere  local  conditions,  there  are  some  regional 
differences  that  do  seem  to  have  been  due  to  local  conditions  connected 
with  proximity  of  extended  coasts ;  such,  for  example,  as  those  which 
appear  in  the  fauna  of  the  Coalville  series  of  Cretaceous  strata.  Further- 
more, the  fauna  of  all  these  regions,  taken  collectively,  compared  with 
rocks  of  admitted  equivalency  of  ago  in  other  parts  of  the  world,  present 
differences  that  cannot  be  accounted  for  by  any  of  the  causes  suggested. 
These  differences  are  no  doubt  due  in  part  to  the  more  or  less  remote 
effects  of  conditions  which  governed  the  distribution  of  species,  but 
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doubtless  in  large  part  also  to  the  condition  of  the  bottom  of  the  seas 
which  covered  the  area  that  now  constitutes  the  regions  here  discussed. 
It  is  sufficient  in  this  connection  to  point  out  a  single  fact  bearing  upon 
this  subject.  The  strata  of  the  Cretaceous  formations  of  the  West  are 
almost  all  and  everywhere  sandstones  or  sandy  shales,  and  therefore  the 
whole  sea  bottom  in  those  regions  must  have  been  almost  always  and 
everywhere  covered  with  sand.  Our  knowledge  of  the  faunae  of  ex- 
isting seas  tells  us  that  the  continued  prevalence  of  this  condition  could 
not  but  have  exerted  a  material  effect  upon  the  Cretaceous  fauna  of  this 
portion  of  North  America.  Notwithstanding  these  faunal  differences  in 
the  strata  of  the  different  regions,  it  is  believed  that  they  are  all 
respectively  synchronous  or  nearly  so ;  and  being  so,  it  is  expected  that 
the  classification  adopted  by  Hay  den  and  Meek  for  those  of  the  Upper 
Missouri  River  region  may  be  appropriately  applied  to  the  greater  part 
if  not  all  the  Cretaceous  strata  of  Western  North  America. 


CONTRIBUTIONS  TO  INVERTEBRATE  PALEONTOLOGY,  NO.  1#: 
CRETACEOUS  FOSSILS  OF  THE  WESTERN  STATES  AND  TER- 
RITORIES. 


By  C.  A.  White,  M.  D. 


The  materials  which  form  the  subject  of  this  contribution  have  been 
derived  from  various  sources,  and  the  fossils  illustrated  in  the  accom- 
panying plates  have  been  obtained  from  Cretaceous  strata  of  widely 
separated  districts  of  the  national  domain.  A  part  of  them  were  col- 
lected by  different  parties  of  the  United  States  Geological  and  Geo- 
graphical Survey  of  the  Territories  in  Colorado,  Wyoming,  and  Utah: 
a  i>art  by  Mr.  D.  II.  Walker  at  and  in  the  vicinity  of  Salado,  Bell 
Comity,  Texas;  a  part  by  Mr.  G.  W.  Maraoch  at  and  in  the  vicinity  of 
Uelotes,  Bexar  County,  Texas,  and  a  part  by  Prof.  B.  F.  Mudge  near 
Dennison,  Tex. 

The  fossils  collected  by  Mr.  Walker  were  Rent  by  him  some  years  ago 
to  the  Smithsonian  Institution,  and  have  been  referred  by  the  Secretary, 
Prof.  Baird,  to  the  office  of  this  Survey  for  investigation.  Those  col- 
lected by  Mr.  Marnoch  were  in  part  received  at  the  office  of  the  Survey 
directly  from  himself,  and  in  part  through  Prof.  E.  I).  Cope,  to  whom 
Mr.  Marnoch  had  previously  sent  them:  and  those  collected  by  Professor 
Mudge  were  forwarded  by  himself  to  the  Survey  office  for  investigation. 

It  is  a  part  of  the  plan  of  publication,  adoptcnl  by  the  director  of  the 
survey,  to  prepare  illustrations  of  all  fossils  obtained  from  strata  of  the 
national  domain,  west  of  the  Mississippi  River,  whether  they  have  before 
been  described  or  not.  Therefore,  the  illustrations  which  accompany 
this  contribution  are  not  only  of  species  here  described  for  the  first  time, 
but  a  large  proportion  of  them  represent  secies  that  have  before  been 
described,  but  not  illustrated,  either  in  the  various  publications  of  the 
Geological  Survey  of  the  Territories  or  elsewhere.  Besides  these,  the 
various  collections  sent  from  Texas  are  found  to  contain  several  species 
that  were  described  by  the  late  Dr.  B.  P.  Shumard  in  the  Transactions 
of  the  Saint  Louis  Academy  of  Sciences,  but  of  which  no  illustrations 
were  ever  published.  Drawings  of  a  part  of  them  were  made  by  Mr.  A. 
R.  Roessler  for  Dr.  Shuinard,  photographic  copies  of  which  were  sent  to 
the  office  of  the  survey.  A  part  of  these  have  been  retouched  by  Mr. 
Holmes,  by  aid  of  identified  specimens  of  the*  species  from  the  Texas  col- 
lections, and  appeal*  ui>on  one  or  two  of  the  plates  of  illustrations. 

The  greater  part  of  the  drawings  of  these  illustrations  have  been  made 
by  Mr.  W.  II.  Holmes,  with  his  usual  great  accuracy  and  care.  Those 
U]M>n  Plate  X  were  drawn  by  Mr.  F.  D.  Owen,  and  those  upon  Plate  IX 

•The  plan  adopted  for  the  publication  of  Invertebrate  Paleontology  of  this  Survey 
is  as  follows:  1.  "Paleontologieal  Papers,"  numbered  serially,  consisting  of  prelimi- 
nary discussions  of  paleontological  subjects,  and  descriptions  of  fossils.  2.  "Contri- 
butions to  Invertebrate  Paleontology,"  also  numbered  serially,  and  consisting  of  illus- 
trated memoirs,  with  more  detailed  descriptions  and  discussions.  3.  "Monographs," 
consisting  of  elaborate  treatises  of  special  subjects. 
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were  drawn  by  the  late  Mr.  Meek,  a  short  time  before  his  death,  and  repre- 
sent some  of  his  own  species,  descriptions  of  which  he  had  from  time  to 
time  given  in  the  publications  of  the  Survey,  and  which  were  not  included 
in  his  great  work  on  the  fossils  of  the  Upper  Missouri  Eiver  country. 

Besides  the  species  thus  described  by  him,  and  here  represented  by 
his  own  drawings,  a  number  of  the  other  illustrations  are  of  his  species, 
drawn  from  his  original  types.  It  is  expected  that  a  careful  investiga- 
tion and  identification  of  the  remainder  of  his  types  will  soon  be  made, 
and  drawings  prepared  of  them  for  publication  in  subsequent  reports  of 
the  survey. 

All  the  fossils  here  described  and  figured  are  of  Cretaceous  age,  but 
for  want  of  correct  information  no  attempt  has  here  been  made  to  refer 
them  respectively  to  the  different  horizons  that  geologists  have  recog- 
nized in  that  great  formation  in  Texas,  or  to  compare  those  horizons 
with  the  recognized  divisions  of  Cretaceous  strata  in  the  Northern  Terri- 
tories. 

The  material,  therefore,  upon  which  this  contribution  is  based  is  pre- 
sented in  a  more  than  usually  heterogeneous  manner,  which  prevents,  to 
a  great  extent,  such  philosophical  discussion  as  articles  of  this  kind 
ought  to  contain.  But  it  is  thought  best  to  publish  it  in  its  present 
form,  with  such  explanations  and  discussions  in  connection  with  the 
descriptions  as  the  subject  will  warrant,  with  the  hope  of  making  a  more 
philosophic  use  of  the  facts  here  recorded  at  another  time. 

RADIATA. 
ACTINARIA. 

Genus  CARYOPHYLLIA  Lamarck. 
Caeyophyllia  johannis  (sp.  now). 

Plate  6,  figs.  6  a  and  66. 

Corallum  reversely  conical ;  sides  straight  or  approximately  so ;  calyx 
•slightly  oval  in  outline,  moderately  deep;  septa  from  30  to  40,  the  best 
example  contained  in  the  collection  showing  38  at  the  border  of  the  calyx; 
not  originating  in  definite  cycles,  but  increasing  in  number  with  the 
growth  of  the  corallum  by  implantation,  at  varying  distance  from  the 
base,  between  the  larger  ones  already  established ;  their  edges  promi- 
nent, both  within  the  calyx  and  upon  the  outer  surface,  where  they  form 
the  usual  vertical  costa?,  each  alternating  costa  being  a  little  more  p  rom- 
inent  than  the  others,  especially  upon  the  outer  surface.  Under  a  lens 
the  whole  surface  is  seen  to  be  covered  with  small,  prominent  granules. 
Broken  examples  show  the  sides  of  the  sex>ta  to  be  finely  corrugate 
transversely. 

Height  about  0  millimeters j  longer  diameter  of  the  calyx,  5J  millime- 
ters ;  shorter  diameter,  5  millimeters. 

This  species  very  closely  resembles  C.  grannlifera  Stoliczska  from  the 
•Cretaceous  rocks  of  Southern  India  (Pala?ontoiogia  Indica,  vol.  iv,  part 
iv,  p.  ?),  pi.  1,  figs.  10  and  17) ;  but  the  septa  in  that  species  are  about 
one-quarter  more  uumerous  than  in  the  one  here  described.  Besides  this, 
Dr.  fStoliczska's  figures  do  not  show,  and  his  description  does  not  men- 
tion, the  regular  alternation  in  the  prominence  of  the  cost®  which  is  so 
plainly  apparent  in  our  examples. 
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amd  locality. — Strata,  probably  equivalent  with  the  Fort  Pierre 
and  Fox  Hills  Groups  of  the  Upper  Missouri,  at  Cimarron,  N.  Mex.,  where 
it  was  discovered  by  Prof.  O.  H.  St.  John,  in  whose  honor  the  specific 
name  is  given.  These  strata  are  discussed  by  him  in  "  Notes  on  the 
Geology  of  Northeastern  New  Mexico,"  Bull.  17.  S.  GeoL  &  Geog.  Surv. 
Ten\voLii,No.4. 

Cabyophyllia  egebia  (sp.  nov.) 

Plate  6,  figs.  7  a  and  7  b. 

Gorallum  reversely  conical  or  cupuliform ;  sides  more  or  less  convex ; 
base  rounded :  calyx  subcircular,  shallow ;  the  border  apparently  a  little 
thickened  and  slightly  projecting ;  septa  about  30,  each  alternating  one 
not  reaching  the  columella,  their  sides  are  marked  vertically  by  small, 
slightly-raised  ridges,  giving  their  edges  a  rugose  appearance  when 
broken  across  transversely ;  columella  composed  of  loosely  aggregated, 
irregular,  coarse  threads. 

All  the  examples  that  were  discovered  are  imbedded  in  rock,  and  none 
of  them  show  the  outer  surface  satisfactorily,  but  the  epitheca  seems  to 
have  been  thin,  and  the  vertical  costse  not  prominent. 

Height  about  7  millimeters ;  diameter  of  the  calyx  the  same ;  but  these 
proportions  vary,  some  of  the  examples  being  proportionally  shorter. 

The  condition  of  all  the  discovered  examples  of  both  this  species  and 
C.  fokannis  is  such  as  to  render  it  difficult  to  satisfactorily  ascertain 
their  true  generic  character,  and  it  is  not  certain  that  one  or  both  of 
them  ought  not  to  be  referred  to  Trochocyathw  Edwards  &  Haime. 
They,  however,  clearly  belong  to  the  family  Caryophyllidce,  and  in  view 
of  the  exceeding  rarity  of  any  of  the  actinaria  in  the  Cretaceous  rocks 
of  North  America,  their  discovery  is  of  much  interest. 

MOLLUSCA. 

CONCHIFERA. 

Genus  OSTREA  Linnaeus. 
Ostrea  quadeiplicata  Shumard. 

Plate  5,  fig.  6  a,  and  plate  8,  figs.  3  a  and  b. 

Ottrea  quadriplicate  Shumard,  I860,  Trans.  Acad.  Sci.  St.  Louis,  vol.  1,  p.  608. 
TOrtrea  crentuo-margo  Roemer,  1852,  Krcidebildung  von  Texas,  p.  76,  pi.  ix,  f.  6  a  and  65. 

The  following  is  Dr.  Shumard's  description  of  this  species:  "Shell 
small,  usually  arcuate,  rarely  elongate-subovate,  longer  than  wide;  ante- 
rior and  basal  margins  produced  into  four  angles,  which  are  sometimes 
quite  salient,  and  margin  more  or  less  deeply  excavated.  Superior  valve 
flat,  or  a  little  convex  at  the  umbo;  beak  obtusely  rounded  or  subtrun- 
cate  at  tip;  surface  elegantly  ornamented  with  imbricating  lines  of 
growth,  which  are  crossed  by  numerous  radiating  striae;  margins  finely 
crenulate;  interior  gently  concave;  muscular  impression  subovate,  situ- 
ated near  the  anal  border;  ligament  facet  short,  subtrigonal,  and  finely 
striated  transversely.  Inferior  valve  more  or  less  gibbous,  posterior 
dope  falling  abruptly  to  the  margin;  beak  moderately  sharp,  rounded 
at  lip  and  directed  upward  and  backward;  surface  with  im\mcatoxi% 
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concentric  [lines],  crossed  by  rather  coarse,  radiating,  bifurcating  striae, 
and  usually  four  prominent  folds,  which  commence  on  the  umbo  at  some 
distance  from  the  beak  and  terminate  at  the  angles  of  the  border. 

"  In  nearly  all  full-grown  specimens  that  I  have  seen  the  radiating 
stria?  occupy  merely  the  rostral  half  of  the  shell.  The  dimensions  of  an 
average  specimen  are:  Length,  1.30 inches;  width,  0.80;  thickness,  0.40." 

This  species  is  much  more  arcuate  than  is  usual  in  the  typical  section 
of  this  genus,  in  which  respect  it  resembles  some  forms  of  Alectryonia; 
but  it  wants  the  strongly  plicated  surface  and  zigzag  margins  which 
characterize  that  subgenus.  It  doubtless  belongs  to  the  typical  section 
of  Ihtreaj  although  a  somewhat  aberrant  form.  It  is  probable  that  this 
species  is  identical  with  O.  crenulo  margo  Roemer  (Kreidebildung  von 
Texas,  p.  76,  Taf.  ix,  fig.  6  «,  &);  but  as  Dr.  Roemer  seems  to  have 
obtained  examples  of  the  upper  free  valve  only,  we  are  left  in  some 
doubt  upon  this  point.  In  none  of  the  somewhat  numerous  examples 
sent  by  Professor  Mudge  to  the  office  of  the  Survey  from  Denison, 
Northern  Texas,  does  the  upper  valve  exhibit  any  plication  of  the  sur- 
face, or  assess  the  prolongations  from  the  free  convex  margin,  which 
are  so  characteristic  of  the  under  valve  of  the  species.  Dr.  Slramard's 
figure  of  the  large  upper  valve,  however,  shown  on  plate  8,  fig.  3ft,  shows 
incipient  prolongations  of  its  margin,  but  its  lines  of  increment  indicate 
that  they  were  not  developed  until  the  shell  approached  maturity. 
Those  upper  valves,  although  presenting  the  variability  common  to  the 
family,  possess  all  the  essential  specific  characters  that  are  shown  by 
the  upper  valve  of  O.  erenulo-margo,  as  figured  and  described  by  Dr. 
Roemer.  It  should  be  remarked,  however,  that  the  collection  contains 
no  example  with  both  valves  in  situ ;  also,  that  the  tree  margins  of  the 
under  valve,  except  those  portions  between  the  middle  and  the  beak, 
show  little  or  nothing  of  the  fine  crenulation  that  marks  the  entire 
margin  of  the  upper  valve,  which  character  suggested  the  specific  name 
to  Dr.  Roemer. 

The  association  of  these  two  valves  in  the  same  layers,  with  no  others 
that  could  possibly  belong  together,  and  the  fact  that  the  four  long 
marginal  processes  of  the  under  valve  were  not  developed  until  the  shell 
approached  maturity,  together  with  their  common  characteristics,  seem 
to  prove,  beyond  question,  that  they  belong  to  one  ami  the  same  species. 
Dr.  Shumard's  examples,  illustrated  on  plate  8,  were  obtained  from  the 
bluft's  of  Red  River,  Lamar  County,  Texas ;  Dr.  Roemer's.  from  Fred- 
ericksburg, Tex.,  and  Professor  Madge's,  from  Denison,  Tex.;  the  lat- 
ter furnishing  those  which  are  illustrated  on  plate  5. 

Ostrea  (Alectryonia)  bellaplicata  Shumard. 

Plat**  4,  iitfs.  3  a,  h)  and  plate  H,  figs.  2  a  and  6. 
Onlrca  bfUaplicata  Siium.,  ISfiO,  Trans.  St.  Louis  Acad.  Sri.  vol.  1,  p.  COS. 

This  species  is  more  robust  than  is  usual  in  the  subgenus  Alectryonia, 
but  the  strongly  plicated  surface,  zigzag  character  of  the  free  margins, 
moderately  extended  hinge-line,  and  subalation  of  the  postero-dorsal 
portion  are  characters  winch  agree  with  those  of  that  subgenus,  and 
separate  it  from  the*  typical  forms  of  Ostrm.  The  following  is  the  origi- 
nal description  of  the  species  by  Dr.  Shumard  (loc.  vit.): 

•4  Shell  of  medium  size,  ovate  or  suhcircular,  anal  and  pallial  borders 
rounded;  buccal  bonier  subtruncatc ;  valves  unequal.  Superior  valve 
usually  flat,  but  sometimes  concave,  or  even  gently  convex  5  hinge  mar- 
gin oblique,  nearly  straight ;  beak  obtusely  angular,  angle  from  105°  to 
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115°.  Inferior  valve  convex,  most  prominent  along  the  middle,  and 
sometimes  obtusely  subangulated ;  beak  acute,  prolonged,  situated  near 
the  buccal  aide,  and  slightly  curved  towards  the  opposite  side ;  muscular 
impressions  large,  moderately  excavated,  elongate-ovate,  upper  edge 
concave.  Surface  of  valves  marked  with  prominent,  concentric,  waved, 
imbricating  laminue  of  growth  and  form,  and  from  ten  to  fourteen  ele- 
vated, obtusely  angulated  costa>,  which  originate  near  the  beaks  and 
radiate  to  the  margins. 

"  In  many  of  the  specimens  before  me  all  the  ribs  are  simple,  but  in 
others  some  of  them  are  bifurcated.  In  a  few  individuals  they  are 
sharply  angulated  at  their  extremities.  The  concentric  laminae  are  gen- 
erally more  distinct  and  more  strongly  marked  on  the  superior  than  on 
the  inferior  valve. 

"The  dimensions  of  an  average  specimen  are:  Length,  1T% inches; 
width,  from  beak  to  base,  2T*9  inches ;  thickness,  -f6  inch. 

"This  handsome  oyster  occurs  in  the  greatest  abundance  in  fine- 
grained sandstone  and  blue  indurated  inarL,  towards  the  top  of  the  Lower 
Cretaceous,  near  Sherman,  in  the  bluffs  of  Post  Oak  Creek,  and  various 
other  localities  in  Grayson  County.  It  is  found  in  connection  with  the 
remains  of  Squalidw,  Ostrea  congest^  and  Corbula  graysonensuP 

The  figures  of  this  species  on  plate  8  are  from  photograph  copies  of 
Dr.  Shumard's  drawings.  Those  on  plate  4  are  drawn  by  Mr.  Holmes 
from  an  example  collected  by  Professor  Mudge  at  Denison,  Tex. 

• 

Osteea  (Alectbyonia)  sannionis  White. 

Plate  2,  figs.  2  a,  5,  c,  d,  and  e. 
(khm  MXKtoxU  White,  1876,  Powell's  Rep.  GeoL  Uinta  Mte.,  p.  112. 

Shell  rather  smalL  alate  at  both  sides  of  the  beak,  irregularly  subquad- 
rate  in  marginal  outline,  its  longitudinal  axis  curved,  the  convexity  of  the 
curved  side  being  forward ;  nearly  or  quite  as  wide  across  the  alations 
as  at  the  base,  but  much  constricted  in  the  middle,  especially  upon  the 
posterior  side ;  beaks  small,  not  prominent,  directed  a  little  backward. 
Lower  valve  moderately  convex ;  scar  of  attachment  at  the  beak  small 
or  absent;  ligament-area  short,  rather  broad,  its  longitudinal  furrow 
shallow,  but  wrell  defined,  transversely  striated  and  pointing  obliquely 
backward ;  posterior  alation  narrower  and  more  clearly  defined  than  the 
anterior  one  and  a  little  longer  than  the  corresponding  alation  of  the 
op]>osite  valve ;  muscular  scar  comparatively  large,  situated  nearly  mid- 
leugth  of  the  valve  and  near  the  posterior  margin,  curved-spatulate  in 
outline,  its  broader  end  being  toward  the  base  of  the  shell  and  the  con- 
vexity of  the  curve  toward  the  postcro-basal  portion.  Upper  valve 
nearly  flat,  but  its  lateral  and  basal  portions  are  made  very  irregular  by 
the  coarse  and  deep  plications  which  are  common  to  t>oth  valves. 

Surface  of  both  valves  marked  by  the  ordinary  lines  and  laminations 
of  growth  common  to  the  genus,  and  also  by  somewhat  numerous  erenu- 
lated  radiating  plications  in  the  rostral  region,  the  greater  part  of  which 
terminate  before  reaching  the  borders,  but  four  or  five  of  them,  increas- 
ing greatly  in  size  as  they  proceed,  reach  the  basal  border  of  the  shell, 
to  which  they  give  a  strong  zigzag  character. 

Length  from  base  to  beak  of  one  of  the  larger  examples,  39  millime- 
ters j  breadth  near  the  front  of  the  same,  also  3D  millimeters ;  across  the 
alations,  33  millimeters. 

The  species  of  the  subgenus  Aleetryonia  Fischer  are,  as  a  rule,  less 
subject  to  extreme  variation  than  those  of  typical  Ostrea;  and  this  is  a 
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very  clearly  defined  species,  the  numerous  examples  of  it  in  the  collec- 
tions showing  it  to  have  been  subject  to  little  essential  variation.  It 
belongs  to  the  typical  section  of  the  subgenus,  and  not  to  the  section  of 
long  falciform  species  represented  by  A.  carinata  Lamarck  and  A.  ma- 
croptera  d'Orbigny. 

Position  and  locality. — Fox  Hills  Group ;  valley  of  Weber  River,  near 
Coalville,  Utah, 

Genus  EXOGYEA  Say, 

EXOGYRA  VALKERI  (sp.  nOV.)» 
Plate  1,  figs.  I  a  and  6. 

Shell  large,  broadly  subelliptical  or  oblong  in  marginal  outline,  de- 
pressed ;  test  moderately  thick ;  larger  valve  depressed,  irregularly  con- 
vex ;  dorsal  portion  flattened  and  almost  at  right  angles  with  the  plane 
of  the  shell,  especially  near  the  umbo,  from  which  portion  to  the  general 
surface  it  is  abruptly  rounded ;  umbo  incurved,  making  more  than  one 
complete  volution,  much  depressed  beneath  the  general  exterior  surface 
of  the  valve ;  muscular  impression  large,  subovate  in  outline,  subcentral; 
ligamental  groove  comparatively  small,  moderately  deep,  close  to  the 
outer  margin ;  pallia!  margin  having  a  comparatively  broad  space  along 
its  whole  length  marked  by  faint  radiating  crenulations.  Smaller  valve 
nearly  flat,  or  slightly  and  more  or  less  irregularly  concave  ;  its  umbo 
flattened  and  equally  incurved  with  that  of  the  other  valve. 

Surface  of  the  larger  valve  marked  by  the  ordinary  lines  of  growth, 
and,  especially  upon  the  incurved  side,  by  irregular  knotted  ridges  upon 
the  concentric  lines.  Surface  of  the  smaller  valve  marked  by  very 
numerous  and  distinct,  coarse,  concentric  lamina?  of  growth. 

Length,  14  centimeters;  width,  10£  centimeters;  thickness,  5  cen- 
timeters. 

This  species  belongs  to  the  section  of  the  genus  Exogyra>  which  is  rep- 
resented by  such  species  as  E.  plioato  Chemnitz  (sp.),  E.  houssingaultii 
d'Orbigny  (sp.),  and  E.  texana  Eoemer ;  the  last-named  species  being 
also  from  the  Cretaceous  rocks  of  Texas.  It  differs,  however,  from  all  three 
of  these  species  in  being  destitute  of  all  radiating  plications  or  folds  ex- 
cept those  of  concentric  increment,  as  well  as  in  other  less  conspicuous 
but  still  obvious  characteristics. 

Position  and  locality. — Cretaceous  strata ;  Salado,  Bell  County,  Texas, 
where  it  was  collected  by  Mr.  D.  II.  Walker,  and  in  whose  honor  the 
specific  name  is  given. 

Genus  PLACUNOPSIS  Morris  &  Lycett 
Placunopsis  hilliabdensis  (sp.  nov.). 

Plate  7,  fig.  14  a. 

Shell  small,  broadly  oval  or  subcircular,  slightly  oblique ;  test  thin, 
fragile,  papyraceous;  margins  somewhat  irregular;  upper  valve  mod- 
erately convex ;  umbo  subniarginal,  the  apex  depressed  and  not  clearly 
defined.  Surface  conspicuously  marked  with  numerous  coarse,  radiating, 
irregularly  undulating,  abruptly  raised  lines,  which  are  wider  than  the 
spaces  between  them,  and  some  of  which  appear  to  have  ended  at  the 
border,  or  upon  imbricating  concentric  lines,  sis  tubular  or  semicylin- 
drical  processes.  Diameter  of  the  few  examples  obtained,  about  12  milli- 
meters. 
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Althouga  the  hinge  and  interior  of  this  shell  are  not  known,  it  seems 

to  be  a  species  of  true  Placunopsis  Morris  &  Lyoett,  and  to  be  nearly 

related  to  their  typical  species,  although  the  latter  (P.  jurensis  M. 

&  L.,  Monog.  Gr.  Ool.  Mol.  p.  6,  pi.  6,  figs.  8,  8  a,  and  8  b)  is  of  Jurassic 

age,  while  the  former  is  Cretaceous.    This  appears  to  be  the  only  known 

species  of  this  genus  in  the  Cretaceous  rocks  of  the  United  States,  but 

JMi\  Meek  (U.  S.  Geol.  Surv.  Terr.  vol.  ix,  4to,  p.  23)  suggests  that  the 

JLnomia  subtrigonalis  of  Meek  and  Hayden  from  the  Fort  Pierre  Group 

of  the  Upper  Missouri  probably  belongs  to  the  genus  Placunopsis.   Our 

species  differs  conspicuously  from  that  one  in  being  radiately  marked, 

»nd  also  in  the  character  of  its  marginal  outline  and  general  aspect. 

It  is  true  that  neither  the  under  valve  nor  the  interior  of  our  species  is 
Known,  but  the  characters,  so  far  as  they  are  known,  very  plainly  indi- 
cate the  genus  to  which  it  is  referred.  In  its  marginal  outline  and  sur- 
rCace-markings  it  resembles  the  Capulm  occidentals  of  Hall  and  Meek, 
£5rom  the  Upi>er  Missouri  River  Region,  as  figured  by  those  authors,  but 
ftLhe  distinct  laminated,  pearly  texture  of  the  shell  substance  would  forbid 
■>~fts  reference  to  that  genus  if  its  other  characters  were  less  doubtful. 
Position  and  locality. — Strata  of  the  Fox  Hills  Group ;  near  Hilliard 
itation,  Union  Pacific  Railroad,  Wyoming. 


Genus  PLICATULA  Lamarck. 
Plicatuul  hydbotheca  White. 

Plate  6,  fig.  3  a  and  5. 
^timtula  hf&rvlkeoa  White,  1876,  Powell's  Rep.  Geol.  Uinta  Mta.  p.  113. 

Shell  of  ordinary  size,  a  little  obliquely  and  irregularly  subovate  in 
marginal  outline;  rostral  region  narrowed,  its  sides  nearly  straight  or 
only  slightly  convex :  the  remainder  of  the  free  bonier  somewhat  regu- 
larly convex  or  rounded ;  lower  valve  broadly  convex ;  hinge-teeth  well 
developed;  ligamental  fosset  moderately  large;  upj>er  valve  nearly  flat 
or  slightly  concave  in  the  rostral  region.  Surface  of  both  valves  marked 
by  small,  slightly  raised,  radiating  plications,  which  are  crenulated,  a 
little  irregular,  increase  in  number  both  by  bifurcation  and  implantation, 
and  are  more  or  less  distinct  upon  all  parts  of  the  surface  of  both  valves. 

Length,  3  centimeters ;  greatest  breadth,  24  millimeters. 

Position  and  locality.— Cretaceous  strata,  probably  equivalent  with  the 
lower  portion  of  the  Colorado  Group ;  head  of  Waterpocket  Canon, 
Southern  Utah. 

Collected  by  Mr.  G.  K.  Gilbert 

Genus  PTERIA  Scopoli. 
Pteeia  pabkensis  White, 

Plato  3,  fig.  3  a. 
JMc*taparken*i$  White,  1876,  Powell's  Rep.  Geol.  Uinta  Mta.  p.  115. 

Shell  rather  small,  slightly  inequivalve,  very  oblique,  elongate,  thin  at 
all  the  margins  except  the  cardinal ;  anterior  wing  of  ordinary  size  and 
■hape ;  posterior  wing  rather  hirge  and  long ;  both  valves  broadly  and 
somewhat  regularly  convex ;  greatest  breadth  of  the  shell  behind  the 
middle;  antero-basal  border  broadly  convex;  posterior  extremity  regu- 
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larly  rounded ;  postero-dorsal  border  nearly  straight  from  the  posterior 
border  to  the  base  of  the  posterior  wing ;  beaks  having  the  ordinary 
prominence;  surface  smooth  or  having  the  usual  concentric  lines  of 
growth. 

Length,  from  the  end  of  the  anterior  wing  to  the  posterior  extremity 
of  the  shell,  34  millimeters ;  breadth  across  the  widest  part  of  the  body, 
15  millimeters. 

This  species  resembles  the  Avicula  lingulifera  of  Shumard?  but  it  dif- 
fers from  that  species  in  its  more  elongate  form  and  more  oblique  hinge- 
line. 

Position  and  locality. — Cretaceous  strata,  probably  equivalent  with 
those  of  the  Fox  Hills  Group ;  south  of  Grand  River,  Middle  Park, 
Colorado,  where  it  was  collected  by  Prof.  J.  W.  Powell. 

Subgenus  Oxytoma  Meek. 
Pteria  (Oxytoma  f )  gastbodes. 

Plate  x,  fig.  1  a. 

Avicula  (Oxytoma  t)  gastrodes  Meek,  1873,  An.  Rep.  U.  8.  Geol.  Snrv.  Terr,  for  1872,  p. 
491. 

"  Shell  (as  determined  from  a  left  valve)  attaining  a  moderately  large 
size,  subtngonal  in  outline,  rather  distinctly  convex,  and  having  a  very 
slight  backward  obliquity ;  basal  outline  very  profoundly  rounded,  the 
deepest  or  most  prominent  part  being  in  advance  of  the  middle ;  poste- 
rior margin  moderately  sinuous  below  the  wing,  from  the  extremity  of 
which  it  ranges  obliquely  forward  and  downward,  rounding  regularly 
into  the  base  below ;  anterior  margin  strongly  and  subangularly  sinuous 
under  the  wing,  thence  descending  with  a  slight  forward  obliquity  and 
rounding  rather  abruptly  into  the  base ;  hinge-margin  longer  than  the 
height  of  the  valve,  the  anteroposterior  diameter  of  which  (at  any  point 
below)  it  also  decidedly  exceeds,  ranging  nearly  at  right-angles  to  the 
vertical  axis  of  the  shell ;  beak  distinctly  convex,  rising  above  the  hinge- 
margin,  strongly  incurved,  without  obliquity,  and  situated  less  than  one- 
third  the  length  of  the  hinge-margin  from  the  extremity  of  the  anterior 
wing,  which  is  subtrigonal  in  form,  somewhat  convex,  a  little  rounded  at 
the  extremity,  and  very  strongly  separated  from  the  abrupt  shell  [swell!  ] 
of  the  umbo  by  a  deep  rounded  concavity  extending  from  the  beak  ob- 
liquely to  the  marginal  sinus  below;  posterior  wing  longer  and  more 
compressed,  narrower  and  more  angular  than  the  other ;  both  wings, 
particularly  the  posterior  one,  projecting  decidedly  beyond  the  margin  of 
the  valve  below.  Surface  only  showing  more  or  leas  distinct  lines  of 
growth,  which  are  stronger  on  the  wings  than  elsewhere.  Eight  valve 
unknown. 

"Height  of  left  valve,  1.50  inches ;  length  of  same  below  the  wings, 
about  1.30  inches;  length  of  hinge-line,  1.90  inches;  convexity  (of  left 
valve  alone),  0.40  inch. 

"Locality  and  pottition. — Cretaceous  sandstones,  Coalville,  Utah." 

Only  a  single  example  of  this  species  has  yet  been  discovered,  although 
I  have  carefully  searched  the  locality  since  Mr.  Meek  originally  discov- 
ered it.  It  is  in  the  condition  of  a  sandstone  cast,  but  its  external  char- 
acters are  quite  clearly  shown.  It  is  well  represented  by  fig.  1  «,  plate 
x,  except  that  the  great  convexity  of  the  body  of  the  valve  does  not  ttdly 
appear.  Mr.  Meek  adds  the  following  remarks  to  his  original  descrip- 
tion of  this  species : 
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"I  have  not  yet  seen  the  hinge  of  this  shell,  or  its  left*  [right J  valve, 
and  therefore  have  some  doubts  in  regard  to  which  of  the  sections  of  the 
old  genus  Aticulu  it  would  most  properly  fall  into.  If  the  right  valve 
is  (as  I  am  inclined  to  think  the  case)  nearly  flat,  with  a  deep,  sharply 
cat  byssal  sinus,  and  its  beak  not  distinct  from  the  hinge-margm,  it  will 
probably  foil  into  a  little  group  for  which  I  some  time  back  proposed 
the  name  Oxytoma,  typified  by  Avicttla  Munsteri  Bronn.  It  differs  re- 
markably from  typical  species  of  Avicula  in  its  erect  form,  its  umbonal 
axis  being  inclined  a  little  backward  instead  of  strongly  forward.  From 
Pseudomonotis,  with  which  it  agrees  in  its  erect  form,  and  the  elevated, 
strongly  incurved  beak  of  its  right  [left]  valve,  it  differs  very  strongly 
in  having  decided,  well-developed  ears,  both  in  front  and  behind.  Dr. 
Stoliczska  thinks  the  chairacters  of  the  genus  Pseudomotwtis  should  be 
extended  so  as  to  include  Oxytoma.  Should  tins  view  prevail,  the  name 
of  our  species  would  probably  become  Psevdomonotis  ( Oxytoma )  gastrodes. 
It  seems  t<f  mo,  however,  that  Oxytoma  stands  more  nearly  related  to 
Aticula  proper  than  to  PseudomonotUt,  as  typified  by  the  Permian  species 
P.  tpeluncaria,  so  that  if  we  unite  Oxytoma  to  Pseudomonotis,  I  cannot 
see  why  we  might  not,  on  the  same  principle,  take  another  step  of  the 
kind  and  restore  both  to  Amcula,  which  I  am  certainly  not  inclined  to 
do,  though  I  regard  Oxytoma  as  a  subgenus  under  Avicula. 

u  I  use  the  name  Avicula  here,  as  elsewhere,  subject  to  the  change 
that  it  is  probable  the  rules  of  nomenclature  will  demand  in  the  restora- 
tion of  the  older  name  Pteria,  which  woidd  require  the  name  of  our 
species  to  be  written  Pttria  gastrodes,  if  it  falls  into  that  group." 

Subgenus  Pseudoptera  Meek. 

Pteria  (Pseudoptera)  propleura  Meek. 

Plate  x,  figs.  2  a  and  b,  and  c. 

Aticmla  (Pseudoptera) propleura  MEEk,  1873,  An.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1872, 

p.  489. 
Avicula  {Pseudoptera)  rkgtophora  MEEk,  1873,  An.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1872, 

p.  490. 

After  careful  examination,  not  only  of  all  Mr.  Meek's  type-specimens, 
which  were  all  found  associated  in  the  same  stratum,  but  also  others 
which  I  have  collected  at  the  original  locality  at  Coalville,  Utah?  I  am 
satisfied  that  both  this  species  and  the  form  which  he  described  m  the 
same  publication  under  the  name  of  Avicula  (Pseudoptera)  rhytophora  are 
specifically  identical.  I  therefore  refer  both  forms  to  Iberia  (Pseudoptera) 
propleura,  which  name  comes  first  in  order  in  the  volume  above  cited ; 
but  I  herewith  give  his  description  of  both  forms,  together  with  his 
remarks  upon  the  same,  and  also  figures  of  Mr.  Meek's  types  of  both 
forms  on  plate  x : 

"  Shell,  as  determined  from  a  left  valve,  obliquely  ovate-suhtrigonal, 
moderately  convex  along  the  oblique  umbonal  slope  in  front  of  the  middle, 
and  compressed-cuneate  behind ;  posterior  margin  with  its  general  out- 
line nearly  vertical  and  slightly  straightened  along  the  middle,  thence 
extending  obliquely  upward  and  a  little  forward,  with  a  very  faint  sin- 
uosity above,  to  the  hinge,  which  it  meets  at  an  obtuse  angle,  while  it 
rounds  rather  abruptly  into  the  more  or  less  rounded  base  below ;  ante- 
rior margin  ranging  obliquely  backward  and  downward  nearly  parallel 

•Doubtless  an  inadvertent  error.  His  example  is  a  left  valve,  which  he  describes 
a*  such. 
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to  the  umbonal  slope,  faintly  retreating  near  the  middle,  and  from  this 
upward  to  its  connection  with  the  anterior  end  of  the  hinge,  projecting 
slightly  in  the  form  of  a  small,  short,  flattened  auricle  that  is  less  than 
rectangular  at  its  extremity  above  and  undefined  by  any  marginal  sinus 
below ;  hinge-line  of  moderate  length,  but  not  extending  quite  as  far  back 
as  the  margin  of  the  valve  below  it ;  posterior  dorsal  region  flattened, 
though  not  forming  a  proper  alation ;  beak  rather  pointed,  scarcely  ris- 
ing above  the  hinge,  rather  oblique,  and  placed  very  near  the  anterior 
end  of  the  hinge,  but  not  quite  terminal.  Surface  ornamented  by  mod- 
erately distinct  lines  of  growth,  which,  on  the  anterior  part  of  the  valve, 
are  crossed  by  seven  or  more  slender,  raised,  radiating  lines,  and  one 
stronger  rib  that  extends  along  the  umbonal  slope,  so  as  to  give  it  a 
slightly  angular  appearance,  while  very  mint  traces  of  line  radiating 
stria*  arc  sometimes  seen  on  other  parts  of  the  valve.  Right  valve  and 
hinge  and  interior  of  both  valves  miknown. 

u  Ileight,  measuring  at  right  angles  to  the  hinge,  0.90  inch ;  length  of 
hinge,  about  0.75;  greatest  antcix>-posterior  diameter  parallel  to  the 
hinge,  about  0.85  inch ;  length,  measuring  from  the  beak  obliquely  to  the 
most  prominent  part  of  the  postero-basal  margin,  1.20  inches ;  convexity, 
about  0.23  inch. 

"  This  species  appears  to  belong  to  a  group  of  American  and  European 
Cretaceous  Aviculoid  shells  that  seem  to  me  to  be  sufficiently  distinct from 
the  typical  forms  of  Aricula  (Ptcria)  and  Meleagrina  to  stand  together,  at 
least  as  a  separate  subgenus.  They  differ  from  the  typical  forms  of 
Aricula  in  having  no  extended  alations  or  defined  byssal  sinus  in  either 
valve,  as  well  as  in  presenting  a  peculiar,  more  or  less  obliquely  rhombic 
or  snbtrapezoid  outline.  Tbe  hinge  and  interior  of  these  shells  are  un- 
known to  me,  but  the  former  seems  not  to  be  provided  with  a  gaping 
cardinal  area,  the  cardinal  edges  being  thinner  and  compressed.  Aricula 
awnnala  of  Sowerby  (1830),  as  illustrated  by  d'Orbigny  in  Paldont.  Fran- 
$aisc.  Terr.  Oct.,  tome  iii,  pi.  302,  may  be  regarded  as  the  type  of  this 
section,  for  which  I  would  propose  the  name  Pseudoptera.  It  includes, 
in  addition  to  Aricula  (Pxcudoptcra)  anomala  Sowerby,  Aricula  (Pseudop- 
tera)  raricosta  lteuss,  and  Avictda  (Pscudoptera)  fibrosa  Meek  &  Hayden. 

"The  two  species  here  described  are  only  referred  to  this  group  provi- 
sionally, as  their  right  valves  are  not  yet  certainly  known.  There  are 
some  reasons,  however,  mentioned  further  on  for  suspecting  that  this  valve 
may  have  a  deep  byssal  sinus  in  one  if  not  both  of  these  species.  If 
this  should  be  found  to  be  the  case,  they  cannot  be  properly  referred  to  the 
above-mentioned  group,  but  would  fall  into  a  group  for  which  Stoliczska 
has  proposed  the  name  Elcctroma,  typified  by  the  recent  species  Aricula 
smaragdina  Keeve,  and  thus  have  to  take  the  name  Aricula  (Electronic) 
proplcura  and  A.  (Elcctroma)  rhytophora.  Should  ScopdlPs  name  Pteria. 
however,  replace  Aricula,  as  I  believe  the  rules  of  nomenclature  will 
require,  and  the  section  to  which  these  shells  belong  properly  fall  into 
that  genus,  either  as  a  subgenus  or  otherwise,  then  the  name  l*teria  will 
have  to  be  substituted  for  Aricula  in  connection  with  these  species. 

"Locality  and  position. — Coalville,  Utah ;  from  white  sandstone,  250 
feet  above  the  lower  heavy  bed  of  eoal  mined  at  that  place." 

The  following  is  Mr.  Meek's  description  of  and  remarks  upon  the  form 
which  he  designated  as  Aricula  (Pxcudoptcra)  rhytophora : 

"  Shell,  as  determined  from  a  left  valve,  but  slightly  oblique,  rhom- 
bic-suboblong,  and  nearly  twice  as  high  as  wide  in  adult  examples,  but 
proportionally  broader  and  subtrigonal  in  young  specimens ;  moderately 
convex,  the  greatest  convexity  being  toward  the  anterior  side,  along  the 
umbonal  slope,  which  appears  to  be  angular,  thence  cuneate  posteriorly, 
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and  more  or  less  deflected  inward  anteriorly;  hinge-line  very  nearly 
equaling  the  greatest  antero-]>osterior  diameter,  and  ranging  at  an  angle 
of  about  70°  to  the  uinbonal  axis ;  posterior  margin  nearly  straight,  or  a 
little  convex  in  outline  along  the  middle,  where  it  ranges  at  an  angle 
of  about  100°  to  the  hinge-margin,  but  curving  a  little  forward  above, 
so  as  to  connect  with  the  latter  at  a  somewhat  more  obtuse  angle,  while 
below  it  curves  gracefully  downward  into  the  narrowly  rounded  or  some- 
what angular  base ;  anterior  margin  a  little  sinuous  in  outline  in  the 
middle,  with  a  general  direction  nearly  parallel  to  that  of  the  umbonal 
dope,  but  compressed  nearly  rectangular,  and  projecting  a  little  beyond 
the  beak  above,  the  projecting  part  not  having  the  character  of  an  ear 
or  distinct  lobe,  though  defined  by  a  shallow  depression  extending  from 
the  beak  obliquely  downward  and  backward  to  the  slightly  sinuous  cen- 
tral region;  beak  very  nearly  terminal,  moderately  oblique,  and  rather 
compressed.  Surface  with  more  or  less  distinct  lines  of  growth,  and  near 
the  hinge-margin  well  defined,  regular^  vertical  ridges  or  wrinkles  that 
seem  not  to  be  exactly  parallel  to  the  lines  of  growth.  Eight  valve  not 
certainly  known. 

u  Height  of  right  valve,  3.20  inches ;  anteroposterior  diameter  along 
hinge-line,  1.90  inches;  height  about  half-way  down  parallel  to  hinge,  2 
inches ;  convexity,  0.70  inch. 

"This  species  will  be  readily  distinguished  from  the  last,  not  only  by 
its  much  larger  size  and  less  oblique  and  broader  form,  but  also  by  the 
strong  vertical  wrinkles  along  its  hinge-margin.  It  likewise  seems  to 
be  entirely  without  any  traces  of  the  radiating  costas  seen  on  the  anterior 
side  of  that  species^  and  has  its  posterior  margin  much  more  nearly  ver- 
tical above,  and  slightly  convex  in  outline,  instead  of  a  little  sinuous 
there.  Its  umbonal  slope  in  the  only  left  valve  seen  seems  to  be  de- 
cidedly angular,  though  this  may  be  partially  if  not  entirely  due  to  an 
accidental  fracture  and  bending  of  the  valve  along  that  line.  It  looks, 
however,  like  a  natural  angle  with  some  little  nodes  or  projecting  points 
along  its  crest.  In  general  form  it  presents  much  the  outline  of  some  of 
the  large  Myalinas  of  the  Western  Coal-Measures,  such  as  M.  ampla  and 
M.  subquadratOj  but  it  differs  not  only  in  its  angular  umbonal  slope,  less 
curved  beaks,  and  wrinkled  dorsal  margin,  but  in  having  its  anterior 
margin  flattened  and  a  little  extended  beyond  the  beak  in  front,  instead 
of  being  concave  there,  thus  not  leaving  the  beak  quite  terminal,  as  we 
see  in  Myalina. 

u  I  am  not  quite  sure  that  I  have  seen  the  right  valve  of  this  shell, 
though  one  of  the  same  general  outline  and  of  corresponding  size  that  was 
observed  in  a  large  mass  of  rock  at  that  locality  was  believed  to  l>clong 
to  this  species.*  It  was  nearly  flat  and  smooth,  excepting  fine  lines  of 
growth,  and,  if  I  mistake  not,  had  a  tolerably  deep,  well-defined  byssal 
notch.  If  it  really  belonged  to  this  shell,  the  species  can  hardly  go 
properly,  as  already  stated,  into  the  group  Pseudoptera,  the  type  of 
which  has  no  traces  of  a  byssal  sinus  in  either  valve.'7 

As  before  stated,  I  regard  both  these  forms  as  belonging  to  one  and  the 
same  species.  Figures  2  a  and  b  on  plate  x  are  drawn  from  Mr.  Meek's 
types  of  his  Avicula  (Pseudoptura)  propleura,  and  fig.  3  a  from  a  gutta- 
percha cast  of  his  type  (which  is  a  natural  mold  in  sandstone),  and  only 
example  of  his  Avicula  (Pseudoptcra)  rhytophora.  The  latter  is  doubtless 
an  old  shell,  while  the  others  are  not  quite  adult.  The  vertical  wrinkles 
seen  near  its  hinge-margin  are  faintly  indicated  upon  some  of  the  other 

14  *  The  specimen  was  broken  into  fragments  in  trying  to  detach  it  from  the  inasa  of 
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examples.  The  true  marginal  outline  of  that  large  example  is  also  in  part 
obscure  in  the  specimen,  and  probably  does  not  differ  so  much  from  that 
of  the  others  as  Mr.  Meek  supposed.  The  angularity  of  Hie  umbonal  ridge 
of  this  large  specimen  is  evidently  natural  and  not  accidental,  as  appears 
more  plainly  upon  the  gutta-percha  cast  which  I  have  made,  than  upon 
the  specimen ;  and  the  umbonal  ridge  of  all  the  other  examples  is  marked 
in  a  similar  manner,  which  really  consists  of  a  radiating  rib  in  the  case 
of  all  of  them.  It  is  true  that  no  radiating  ribs  are  to  be  seen  upon  the 
large  example  in  front  of  the  umbonal  one,  but  they  are  distinct  only 
upon  the  small  examples,  which  are  evidently  young,  and  obscure  upon 
the  larger  intermediate  sizes.  They  seem  to  have  become  obsolete,  and 
finally  obliterated  with  age. 

Genus  INOCERAMUS  Sowerby. 
Inoceramus  howelli  White. 

Plate  4,  figs.  1  a,  b,  and  c. 
Inoceramus  howelli  White,  1876,  PoweU's  Rep.  GeoL  Uinta  Mta.  p.  114. 

Shell  of  medium  size,  obliquely  and  irregularly  suboval  in  marginal 
outline,  the  vertical  diameter  being  greater  than  the  transverse ;  the  lefl 
valve  greater  than  the  other,  but  both  of  them  have  considerable-con 
vexity;  beaks  narrowed,  prominent,  the  prominence  of  the  left  one 
greater  than  that  of  the  other :  both  of  them  elevated  above  the  hinge- 
line,  and  also  curving  forward  beyond  the  front  of  the  shell ;  front  more 
or  less  flattened,  extending  almost  straight  downward  from  the  front  end 
of  the  hinge,  with  which  it  forms  nearly  a  right,  or  slightly  obtuse  angle ; 
antero-hasal  margin  abruptly  rounded  to  the  base:  basal  margin  short; 
postero-basal  margin  extending  obliquely  upward  to  the  posterior  ex- 
tremity, straightened  or  slightly  emarginatc ;  posterior  extremity  abruptly 
rounded  to  meet  the  almost  straight  postero-dorsai  margin. 

Between  the  axis  of  the  body  of  the  shell  and  the  postero-dorsal  mar- 
gin there  is  upon  each  valve  a  rather  broad,  shallow,  but  more  or  less 
distinct  furrow  or  depression,  extending  from  the  umbonal  region  to  the 
posterobasal  margin  and  ending  in  the  cmargination  before  mentioned, 
There  is  also  a  distinct  alation  upon  each  valve,  separated  from  the  bodj 
portion  by  a  tolerably  well-defined  auricular  furrow. 

Surface  marked  bv  the  ordinarv  lines  of  growth  and  also  bv  the  mod 
crately  distinct  concentric  folds,  but  the  surface  has  a  rather  smoothei 
aspect  than  is  common  with  species  of  this  genus. 

Height  of  an  average-sized  example,  from  base  to  beaks,  7i  centi 
meters;  greatest  breadth,  which  is  near  the  base,  5  centimeters;  length 
of  hinge,  37  millimeters. 

This  shell  has  the  general  aspect  of  L  fragUis  Hall  &  Meek,  but  dif 
fers  from  it  in  possessing  the  shallow  radiating  furrow  upon  the  body 
of  each  valve,  and  also  in  having  a  distinct  posterior  ear,  separated  from 
the  body  of  the  valve  by  an  auricular  furrow.  It  also  resembles  an  ex- 
ample of  J.  striatus  Mantel],  in  the  cabinet  of  the  Smithsonian  Institu- 
tion, from  Saxony,  but  the  beaks  of  our  species  are  more  elevated  and 
turned  more  forward  than  they  are  in  that  species.  I.  striatus  is  alsc 
without  the  shallow  radiating  furrow  before  mentioned.  It  differs  fron: 
I.fltuvUlus  White  (Expl.  and  Surv.  West  of  100th  Merid.  vol.  iv,  pt.  1 
p.  ITS,  pi.  xvi,  figs.  1  a  and  b)  in  its  smaller  size,  its  smoother  surface 
and  more  gibbous  valves,  that  species  being  considerably  flattened,  am! 
coarsely  and  extravagantly  wrinkled. 
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Position  and  locality* — The  original  examples  were  collected  by  Mr.  E. 
E.  Howell  from  Cretaceous  strata  in  Lower  Potato  Valley,  Southern 
Utah.  I  afterward  discovered  some  imperfect  examples  in  strata  of  the 
Fox  Hills  Group,  near  Captain  Dodds's  ranch,  in  the  valley  of  Ashley's 
Fork,  Utah. 

Inoceramus  gelberti  White. 

Plate  3,  figs.  1  a,  b,  and  c. 
Inoccramu*  gttberU  White,  1876,  Powell's  Rep.  Geol.  Uinta  Mts.  p.  113. 

Shell  irregularly  suboval  in  marginal  outline,  the  transverse  diameter 
"being  greater  than  the  vertical ;  front  more  or  less  flattened ;  valves 
nearly  or  quite  equal,  the  left  one,  if  either,  the  larger,  both  of  them  gib- 
Ixhis,  and  sometimes  quite  vehtricose ;  umbones  broad  and  elevated ; 
Ijeaks  very  near  the  front,  incurved,  but  not  projecting  beyond  the  front 
margin ;  front  nearly  straight  vertically,  or  sometimes  more  rounded,  in  the 
iorcuer  case  forming  nearly  a  right  angle  with  the  hinge ;  front  margin 
rounded  below  to  the  basal  margin,  which  is  broadly  convex  for  more 
than  half  the  length  of  the  shell ;  postero-basal  margin  extending  ob- 
liquely upward,  with  a  slight  emargination,  to  the  posterior  extremity. 
Tvhich  is  abruptly  rounded  to  meet  the  downward-sloping  postero-dorsai 
margin ;  dorsal  margin  straight,  its  length  equaling  more  than  half  the 
long  diameter  of  the  shell.  Upon  each  valve  there  is  an  obscure  radiating 
depression,  or  ill-deftned  furrow,  extending  from  the  umbonal  region  to 
the  ]>ostero-basal  border,  and  ending  there  at  the  emargination  before 
mentioned. 

Surface  marked  by  the  usual  lines  of  growth,  and  also  by  numerous 
extravagant,  irregular  concentric  folds  or  wrinkles. 

This  species  belongs  to  a  section  of  the  comprehensive  genus  Inoeera- 
mus  that  Brongniart  designated  under  the  name  Catilhis.  It  is  a  pecu- 
liarly well-marked  species,  and  readily  distinguishable  from  any  other 
published  species  from  American  strata. 

Transverse  length  of  an  average-sized  specimen,  7 \  centimeters;  height 
from  base  to  hinge,  5  centimeters. 

Position  and  locality. — Cretaceous  strata,  probably  of  the  Fox  Hills 
Group ;  near  Last  Chance  Creek,  Southern  Utah,  where  it  was  collected 
by  Mr.  G.  K.  Gilbert. 

Inoceramtts  oblonous  Meek. 

Plate  2 ;  figs.  1  a  ami  b. 
Inoceramus  oblongu*  Meek,  1871,  An.  Rep.  U.  S.  Geol.  Sun*.  Terr,  for  1870,  p.  297. 

Shell  large,  inflated,  longitudinally  oblong  or  subovnl  in  marginal  out- 
line, widest  near  the  posterior  end;  valves  nearly  or  quite  equal ;  hinge- 
line  long  and  straight;  posterior  margin  long,  broadly  convex,  suhtrun- 
cating  the  shell  obliquely  downward  and  a  little  backward ;  front  and 
basal  margins  forming  a  continuous  but  unequal  curve,  being  greatest 
m  front  and  least  near  the  postero-basal  region ;  beaks  equal,  not  very 
large,  nearly  terminal,  raised  above  the  hinge-line,  incurved,  and  point- 
ing very  little  forward.  Test  comparatively  thin  for  so  capacious  a 
shell 

Surface  marked  by  the  ordinary  lines  of  growth,  and  usually  by  more 
or  less  distinct  concentric  undulations. 

This  shell  bears  some  resemblance  to  I.  bambini  Morton,  but  it  is  a 
much  larger  and  more  gibbous  shell,  the  adult  examples  becoming  ex- 
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tremely  inflated  with  age  (when  the  back  of  the  shell  becomes  broad  and 
concave),  sometimes  reaching  a  length  of  19  or  20  centimeters,  a  height 
of  10  or  11  centimeters,  and  a  thickness  about  equal  to  the  height.  The 
usual  dimensions,  however,  are  about  one-quarter  less. 

This  species  was  designated  by  Mr.  Meek  in  a  foot-note  to  a  list  of  the 
fossils  collected  by  the  surveying  parties  during  the  year  1870,  on  page 
297  of  Ann.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1870.  Just  previous  to 
his  deatli  he  had  also  prepared  the  drawings  of  the  type-specimens  repre- 
sented by  figures  1  a  and  6,  plate  2,  which  are  there  reduced  to  three* 
quarters  the  original  size. 

Position  and  locality. — In  the  list  of  fossils  referred  to,  the  locality  is 
given  as  "  Cache  la  Poudre  River,  near  Greeley,  Denver  and  Pacific  Rail- 
road, Cret.  No.  3."  During  a  personal  examination  of  that  region  in 
1877, 1  found  what  I  presume  is  the  original  locality  to  be  about  15  miles 
west  of  Greeley  and  about  6  miles  south  of  Fort  Collins.  The  strata  of 
that  portion  of  the  Cretacious  series,  however,  are  no  doubt  exposed  at 
various  localities  between  the  Cache  la  Poudre  and  the  Big  Thompson. 
At  the  first-named  locality  numerous  specimens  of  this  species  were  found 
with  both  valves  in  place,  weathered  out  of  the  harder  sandstone  concre- 
tion distributed  in  the  softer  strata,  where  they  are  associated  with 
several  other  species  characteristic  of  the  divisions  4  and  5  of  the  Upper 
Missouri  section. 

Genus  BARBATIA  Gray. 
Babbatia  Coalvillensis  White. 

Plato  6,  figs.  2  a  and  b. 
Area  t  coalvillensis  White,  1876,  Powell's  Rep.  GcoL  Uinta  Mte.  p.  115. 

Shell  not  large,  moderately  gibbous,  transverse  length  from  two-fifths 
greater  to  nearly  twice  as  great  as  the  height;  beaks  depressed,  situated 
near  the  anterior  end;  uin bones  broad,  not  prominent;  anterior  end 
rounded  or  subtnincate;  base  usually  nearly  straight,  but  sometimes 
slightly  convex,  and  sometimes  a  little  emarginate  about  the  midlength; 
postero-basal  border  rounded  upward  to  the  posterior  extremity,  which  is 
abruptly  rounded  up  to  the  downward-sloping,  nearly  straight  postero- 
dorsal  border,  the  latter  forming  a  rounded  obtuse  angle  witli  the  cardinal 
border;  hinge  equal  in  length  to  about  two-thirds  the  entire  length  of 
the  shell,  consisting  of  a  moderately  slender  hinge-plate  bearing  numer- 
ous transverse  teeth  with  about  equal  spaces  between  them.  The  pos- 
terior teeth  have  an  oblique  direction  downward  and  a  little  forward, 
which  obliquity  diminishes  toward  the  front,  so  that  the  teeth  from 
about  midlength  of  the  hinge  to  the  center  of  the  beak  are  directly  trans- 
verse. These  central  transverse  teeth  are  a  little  narrower  than  those 
farther  back,  but  the  two  or  three  teeth  in  front  of  the  center  of  the  beak 
are  larger  than  any  of  the  others,  and  a  little  curved. 

Area  Apparently  nearly  obsolete,  or  at  least  it  is  very  narrow.  Internal 
markings  unknown.  A  slight  depression  or  flattened  space  upon  the 
outer  surface  extends  from  the  umbo  of  each  valve  to  its  base,  meeting 
there  the  straight  or  slightly  emarginated  portion  of  the  basal  margin 
before  mentioned. 

Surface  marked  by  the  ordinary  lines  of  growth,  and  also  by  five  radi- 
ating lines,  which  are  often  obscure. 

Length  of  an  example  a  little  above  the  ordinary  size,  5  centimeters; 
height,  33  millimeters. 

In  the  original  publication  of  this  species  (Joe.  cit),  I  was  a  little  mis- 
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led  by  the  imperfection  of  the  specimens  then  obtained  as  to  the  true 
character  of  the  hinge.    Further  collections  made  at  the  typical  locality 
by  myself  have  enabled  me  to  correct  the  description  as  above  and  as 
Ahown  in  fig.  2  ft,  plate  6,  which  is  in  part  a  restoration.    No  entirely  per- 
fect example  of  the  hinge  has  yet  been  discovered,  the  posterior  terminal 
portion  of  series  shown  in  the  figure  having  been  reproduced  from 
another  example,  and  the  exact  condition  of  the  middle  portion  of  the 
series  is  not  positively  known,  the  doubt  in  this  respect  being  expressed 
by  the  imperfection  in  the  drawing  at  that  point. 

Position  and  locality. — From  strata  apparently  equivalent  with  those 
of  near  the  top  of  the  Colorado  Group,  or  the  base  of  the  Fox  Hills  Group ; 
Coalville,  Utah.  At  this  locality,  the  division  between  those  two  groups 
not  easily  determined. 

Genus  CRASSATELLA  Lamarck. 
Cbassatella  oimabbonensis  (sp.  nov). 

Plate  5,  figs.  3  a,  b,  and  c. 

Shell  suboval  or  subtetrahedral  in  outline  by  lateral  views,  moderately 
gibbous ;  umbonal  ridge  usually  well  defined ;  valves  regularly  convex 
in  front  of  it  and  flattened  and  a  little  compressed  behind  it ;  dorsum  mod- 
erately long  and  nearly  straight  as  seen  by  side  view ;  front  obliquely 
truncated  to  about  midheight  of  the  shell,  from  which  point  it  is  regu- 
larly rounded  to  the  base;  basal  border  broadly  and  regularly  convex : 
posterior  border  obliquely  truncated  from  the  dorsum  to  the  posterobasal 
border,  which  is  abruptly  rounded  to  the  base;  lunule  narrow,  well  de- 
fined, moderately  deep,  short-lanceolate  or  narrow-oval  in  outline ;  escutch- 
eon comparatively  long,  lanceolate  in  outline,  well  defined  by  seemingly 
raised  lateral  boundaries ;  beaks  small,  situated  well  toward  the  front, 
approximate,  scarcely  incurved,  directed,  but  not  deflected  toward  the 
front;  hinge-t>late  strong;  cardinal  teeth  well  developed,  except  the 
posterior  tooth  of  the  right  valve,  which  seems  to  be  rudimentary;  liga- 
mental  fosset  large ;  muscular  and  pallial  impressions  well  marked  and 
characteristic ;  free  border  of  the  valves  distinctly  crenulated.  Surface 
marked  by  fine  irregular  concentric  striae  of  growth  and  also  by  more 
or  less  distinct  concentric  ridges  and  furrows.  These  characters  are  not 
▼ell  shown  in  the  illustrations  of  this  species  on  plate  5,  because  the 
specimen  selected  for  figuring  was  covered  by  an  incrusting  film  of  lime- 
carbonate,  as  were  most  of  the  examples  collected.  Wherever  this 
incrustation  is  removed,  however,  the  concentric  furrows  and  ridges  are 
usually  quite  distinct. 

Length,  32  millimeters;  height,  25  millimeters;  thickness,  18  milli- 
meters. 

This  species  presents  a  good  degree  of  variation  as  shown  among  the 
specimens  in  the  collection,  some  being  more  nearly  subcircular  and  more 
gibbous  than  the  one  figured  on  plate  5 ;  in  which  respect  they  some- 
what resemble  C.  evansi  Hall  &  Meek,  but  the  typical  examples  of  the 
species  depart  too  widely  from  that  species  to  need  comparison.  In 
most  of  its  characteristics  it  also  agrees  well  with  those  of  the  subgenus 
Pachythcerus  of  Conrad,  but  seems  to  differ  from  that  fonn  in  the  rudi- 
mentary condition  of  its  posterior  cardinal  tooth  of  the  right  valve 
before  mentioned,  and  also  in  the  incipient  development  of  a  posterior 
lateral  tooth  in  the  right  valve  and  an  anterior  one  in  the  left  valve, 
both  of  which  extend  below  the  lower  border  of  the  hinge-plate. 
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Associated  with  the  typical  forms  of  this  species,  which  are  represents 
on  plate  5,  are  others,  certainly  congeneric  with,  and  perhaps  only 
variety  of  this  species.  It  is  a  more  gibbous  shell,  subcircular,  or,  c 
least,  more  rounded  in  outline,  and  with  scarcely  a  trace  of  the  umbonc 
ridge  that  marks  the  typical  forms.  In  these  respects  it  closely  resen_ 
bles  ft  evan*i  Hall  &  Meek,  already  mentioned. 

Position  and  locality.— Cretaceous  strata,  probably  of  the  age  of  th. 
Fox  Hills  Group  5  Cimarron,  3S".  Mex.,  where  they  were  collected  b^ 
Prof.  St.  John.  • 

Genus  TANCREDIA  Lycett. 
Tancbedia  f  ccelionotus  (sp.  nov.). 

Plate  5,  figs.  2,  a,  b,  c,  and  d. 

Shell  irregularly  oblong,  transverse,  moderately  convex ;  margins  closec 
all  around ;  anterior  ]>ortion  narrower  and  much  longer  than  the  posterior 
beaks  rather  large,  elevated,  especially  so  above  the  antero-dorsal  margin 
approximate,  incurved  and  directed  forward ;  posterior  portion  very  short 
obliquely  truncated  by  a  broad  and  regular  curve  extending  from  tin 
beaks  to  the  posterobasal  margin,  wliich  latter  is  abruptly  roundec 
to  the  base;  basal  margin  broadly  convex;  front  regularly  rounded 
joining  the  antero-dorsal  margin  by  a  somewhat  more  abrupt  curve  thai 
that  by  which  it  joins  the  base;  a  large  heart-shaped  lunule  deeply  im 
pressed  in  front  of  the  beaks  but  less  distinctly  defined  farther  forward 
a  deep  inflexion  of  the  hinge-margin,  resembling  a  deep  escutcheon,  ex 
tends  from  the  beaks  to  about  midheight  of  the  posterior  end  of  the  shell 
so  that  the  hinge-margin  is  entirely  obscured  from  a  side  view ;  posterio: 
muscular  impression  moderately  large,  oval,  situated  near  the  posterio: 
margin  and  a  little  below  the  midheight  of  the  shell ;  pallial  sinus  mod 
erately  deep,  extending  nearly  horizontally  forward ;  hinge  unknown 
ligament  apparently  external.  Surface  marked  only  by  the  ordinary 
lines  of  growth. 

Length,  37  millimeters ;  height  from  base  to  umbo,  29  millimeters. 

This  species  is  referred  with  much  doubt  to  the  genus  Taneredia,  bu 
it  is  provisionally  so  referred  on  account  of  its  external  form,  the  wan 
of  knowledge  of  its  hinge,  and  the  want  of  positive  information  as  to  tin 
true  character  of  the  pallial  line  in  that  genus.  Its  moderately  thicl 
test,  closed  margins,  strong  muscular  impressions,  and  pallial  sinus  sug 
gest  a  close  relationship  to  Donax,  and  the  horizontal  position  of  th* 
sinus  is  like  that  of  Iphigcnia  and  Hecuba^  belonging  also  to  the  Dona 
cidw. 

Its  broadly  rounded  front  is  unlike  what  we  expect  to  find  in  Tancredia 
and  according  to  some  authors  its  pallial  sinus  would  exclude  it  fron 
that  genus.  The  characteristic  angle  of  the  antero-dorsal  margin  o 
JUeekia  is  also  wanting  in  this  species.  It  is  likely  that  it  will  hereafter  I* 
found  to  represent  an  undescribed  group  of  shells,  but  this  cannot  no^ 
be  formally  proposed,  because  no  information  as  to  the  character  of  thi 
hinge  has  l>cen  obtained.  However,  important  differences  from  knowi 
genera  have  here  been  indicated  as  existing  in  this  shell,  and  if  a  futun 
discovery  of  correlated  differences  in  the  hinge  should  be  made,  I  pro 
pose  for  it  the  name  of  Tancredina. 

Position  and  locality. — Strata  of  the  Fox  Hills  Group.  The  examph 
represented  by  fig.  2  dy  plate  5,  was  collected  by  Mr.  J.  C.  Hersey,  1( 
miles  west  of  Greeley,  Colo.  That  represented  by  figs.  2  a,  ft,  and  c,  of  th< 
same  plate,  is  from  the  collection  of  Prof.  Powell's  Survey.  Its  locality 
is  unknown,  but  it  is  probably  froin  Northwestern  Colorado. 
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Genus  CYEBNA  Lamarck. 
Cybena  secubis  Meek. 

Plate  3,  figs.  2  a,  b,  and  c 

Grifofe  (Cyrena  t)  neurit  Meek,  1873,  An.  Rep.  U.  S.  Gcol.  Surv.  Torr.  for  1B72,  p.  494. 
Cfm(Vdw%ana)  ertcta  White,  1876,  Powell's  Rep.  Geol.  Uinta  Mts.,  p.  117. 

Shell  of  medium  size,  obliquely  subovate  in  marginal  outline  when 
adult,  but  subcircular  when  young,  gibbous,  especially  the  upper  median 
portion,  but  somewhat  laterally  compressed  at  the  posterobasal  por- 
tion; antero-basal,  basal,  and  posterobasal  borders  forming  a  continuous, 
almost  regular,  curve;  the  dorsal  outline,  by  lateral  view,  also  broadly 
rounded  from  the  beaks  to  the  postero-basal  border;  front  a  little  con- 
cave transversely  below  the  beaks,  and  also  vertically  concave  from  the 
beaks  to  a  point  a  little  below  the  midheight  of  the  shell;  dorsum  lon- 
gitudinally concave  from  between  the  beaks  to  a  point  on  the  posterior 
margin  a  little  below  the  midheight  of  the  shell;  beaks  prominent, 
approximate,  and  curved  forward;  ligament  short  and  narrow.  This 
concavity  of  the  dorsum  resembles  an  escutcheon,  except  that  it  is  not 
defined,  especially  at  the  ends;  it  is  moderately  deep,  narrow,  and 
bounded  at  the  sides  by  the  abrupt  rounding  inward  aud  downward  of 
the  surface  from  the  outer  side  of  each  valve,  so  that  the  hinge-margin 
is  wholly  hidden  from  sight  by  a  side  view  of  the  shell;  hinge  and  inte- 
rior unknown.  Surface  marked  by  the  ordinary  lines  and  imbrications 
ofgrowth- 

Height,  33  millimeters;  anteroposterior  width  the  same;  thickness 
about  22  millimeters. 

Mr.  Meek's  description  was  made  from  a  single  cast  in  sandstone 
obtained  from  strata  that  are  evidently  equivalent  with  those  from  which 
the  example  figured  on  plate  3  was  obtained ;  the  localities  being  upon 
opposite  sides  of  an  anticlinal  axis,  and  only  about  three  miles  apart. 
This  species,  as  pointed  out  by  Mr.  Meek,  and  shown  above,  has  the 
external  characteristics  of  the  forms  which  he  separated  as  a  subgenus 
of  Corbicula  under  the  name  of  Veloritina.    Perhaps  it  belongs  to  that 
group,  but  it  is  more  probably  related  to  Cyrena  dakotaciutis  Meek  & 
Bayden,  from  the  Dakota  Group  of  the  Upper  Missouri  Cretaceous  series, 
and  G.  inflexa  Meek,  from  a  higher  Cretaceous  horizon  near  Gallatin 
City,  since  it  is,  like  those  species^  associated  with  marine  forms; 
while  the  species  of  the  group  Veloritina,  so  far  as  they  are  fully  known, 
are  all  associated  with  brackish-  and  even  some  fresh-water  tonus.    If 
this  supposition  is  correct,  we  have  the  remarkable  fact  of  certain  species 
belonging  to  two  genera  respectively  assuming  an  external  form  that 
has  been  regarded  as  of  subgeneric  value.    This,  perhaps,  is  not  impos- 
sible, especially  in  this  case,  because  the  generic  difference,  as  shown 
by  the  shells,  between  Cyrena  and  Corbwirta,  is  neither  clear  nor  satis- 
factory.   Among  the  numerous  examples  of  shells  having  the  external, 
and  in  part  the  internal  characters  of  Corbicula  which  have  been  found 
associated  with  marine  forms  in  Cretaceous  strata,  I  have  never  detected 
transverse  striation  upon  their  lateral  teeth.    Because  of  this  and  other 
differences  from  true  Corbictila,  I  referall  these  marine  Cretaceous  forms  to 
Cyrena,  but  they  probably  also  differ  from  the  typical  forms  of  that  genus. 
Position  and  locality.— Cretaceous  strata  of  the  Fox  Hills  Group: 
Billiard  Station.  Union  Pacific  Eailroad,  Wyoming.    In  my  original 
description  of  tne  species,  as  C.  erccta  {loo.  tit),  it  was  mentioned  as 
"occurring  at  Upper  Kanab,  Southern  Utah,  but  tnose  examples  are  now 
thought  to  belong  to  another  species,  and  to  a  higher- horizon. 

19  OS 


itttruni;    u^nxiU    oiAico   x*—. 

Cybexa  inflexa  Meek. 

Plato  10,  figs.  7  a  and  ft. 
/lento  (  reloritina)  inflcra  Meek,  1871,  An.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  493. 

The  figures  of  this  species  on  plate  10  were  drawn  from  Mr.  Meek's 
pes,  and  the  following  is  a  copy  of  his  original  description : 
44  Shell  longitudinally  ovate,  a  little  less  than  two-thinks  as  high  as 
ng,  moderately  convex;  posterior  extremity  rather  narrowly  rounded, 
r  apparently  sometimes  faintly  truncated;  anterior  very  short,  sub- 
runcated,  or  more  or  less  sinuous  in  outline,  just  in  advance  of  the 
>eaks,  on  the  abrupt  forward  slope  above,  and  rather  abruptly  rounded 
below;  basal  margin  semiovate  or  semielliptic;  dorsal  margins  inflected 
and  forming  a  long  convex  slope  from  the  umbomil  region  iwsteriorly; 
beaks  rather  depressed,  oblique,  incurved,  and  placed  near  the  anterior 
end;  uinbonal  slopes  not  prominently  rounded;  surface  merely  showing 
fine,  rather  obscure  marks  of  growth;   anterior  muscular  impression 
rather  strongly  defined  and  obliquely  ovate;  posterior  muscular  im- 
pression larger  and  obscure;  pailial  line  showing  a  deep,  angular,  ascend- 
ing sinus;  posterior  lateral  teeth  of  hinge  very  long,  linear,  and  near; 
or  quite  smooth;  anterior  short;  cardinal  teeth  very  oblique. 

"Length  of  a  specimen  a  little  under  medhun  size,  1.35  inches;  height, 
0.30  inch ;  convexity,  0.158  inch. 

"Locality  and  ponitwn. — Near  Missouri  River,  below  Gallatin  City, 
Mont.,  when*  it  occurs  associated  with  Trigonia9  Inoceramux,  Vardium^&~+ 
OtttMi)  and  other  marine  Cretaceous  fossils." 

Mr.  Meek  referred  this  shell  to  the  genus  Corbicula  and  his  subgeni 
Yclorithta.    It  is  almost  certainly  not  Corbicula,  as  that  genus  is  usua 
restricted,  because  its  lateral  teeth  are  not  transversely  striated,  and  it 
pailial  sinus  is  very  different.    As  remarked  in  connection  with  tli 
description  of  the  preceding  species,  I  refer  such  shells  as  that  and  thi 
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one  to  (hircna,  if  found  associated  with  marine  Cretaceous  s}>ecics  an< 
the  lateral  teeth  show  no  striatum.  The  character  of  the  lateral  sinus.--  ? 
however,  as  pointed  out  by  Mr.  Meek,  is  very  like  that  of  the  Vcnerida—-  , 
and  not  like  that  of  either  Corbicuhi  or  Vyrvna^  and  it  is  likely  that  tkiT 
shell  does  not  properly  belong  to  either  of  those  genera.  But  until  w< 
can  obtain  specimens  which  show  clearly  the  character  of  all  parts  0: 
the  hinge,  I  prefer  to  refer  such  forms  as  this  to  Cyrena,  as  before  stated  — 

Genus  COUBULA  Braguidro. 

CORBVLA  NEMATOPHORA  Meek. 

Plate  If,  fip*.  4  <i,  hj  c,  and  d, 

Corhula  nnnalophora  Meek.  WX  An.  Rep.  U.  S.  Cool.  Stirv.  Terr,  for  1872,  p.  496.  j 

Corlmhi  wmatophura  White,  Ml»,  Kxpl.  «fc  Surv.  West  of  100th  Merit].,  vol.'  iv,  p.  18$        / 

pi.  xvii.  ii«;.  7.  ] 

44  Shell  of  about  medium  size,  ovate-subtrigonal,  nearly  equivalvc  and 
moderately  convex,  with  height  equaling  two-thirds  the  length ;  anterior 
outline  rounded;  base  semi-ovate;  posterior  extremity  somewhat  pro- 
duced and  subangular  or  minutely  truncated  in  outline  below;  dorsal 
outline  sloping  from  the  beaks,  the  anterior  slope  being  more  abrupt  and 
slightly  concave*  in  outline  above,  and  the  posterior  longer  and  nearly 
straight,  with  a  greater  obliquity  5  posterior  umhonal  slopes  more  or  less 
angular  in  each  valve,  from  the  beak  to  the  posterior  basal  extremity; 
beaks  rather  prominent,  and  placed  about  one-third  the  length  of  the 


wrnn.1  PALEONTOLOGY— CRETACEOUS   FOSSILS.  291 

valves  from  the  front.  Surface  ornamented  by  small,  regular,  concen- 
tric ridges,  or  strong  lines  and  farrows,  both  of  which  are  more  distinct 
on  the  right  valve  than  on  the  left,  where  they  are  sometimes  obsolete. 

"  Length  of  largest  specimen  seen,  0.50  inch ;  'height,  0.32  inch ;  con- 
vexity, 0.25  inch. 

"Locality  and  position. — Near  Cedar  City,  Southern  Utah,  from  coal- 
l>earing  Cretaceous  beds,  apparently  belonging  to  the  same  horizon  as 
the  lower  part  of  the  coal  series  at  Coalville.  It  occurs  in  great  num- 
bers, associated  with  TurriteUa  coalvillensis  and  other  forms  apparently 
identical  with  Coalville  species." 

This  species,  as  pointed  out  by  Mr.  Meek,  closely  resembles  some  of  the 
varieties  of  G.perundala  Meek  &  Hayden,  but  it  differs  sufficiently  from 
any  other  form  yet  found  in  any  marine  Cretaceous  strata.  Some  small 
specimens  of  apparently  the  same  species  were  found  among  the  fresh- 
and  brackish-water  Cretaceous  forms  at  Carleton's  coal  mines  near  Coal- 
ville, but  the  typical  examples  are  associated  with  marine  forms. 

Genus  CAEDIUM  Linnaeus. 

Oakdium  patjperctjltdi  Meek. 

Plate  9,  fig.  3  a. 
Ctrdiumpauperculum  Meek,  1872,  An.  Bop.  U.  S.  Geol.  Surv.  Terr,  for  1870,  p.  306. 

The  following  is  Mr.  Meek's  description  of  this  species,  and  as  no  ad- 
ditional examples  of  it  have  been  collected,  no  further  determinations 
have  been  made  concerning  its  characters  and  relations.  The  illustra- 
tion, fig.  3  a,  plate  9,  was  drawn  by  Mr.  Meek  shortly  before  his  death, 
and  represents  one  of  the  better-preserved  examples  in  the  collection : 

"Shell  small,  very  thin,  rather  oompressed,  snbovate  or  subcircular; 
beaks  moderately  prominent  and  nearly  central ;  surface  ornamented  by 
about  thirty  regular,  simple,  distinctly  defined,  radiating  costre,  which 
about  equal  the  intermediate  furrows,  and  (owing  to  the  thinness  of  the 
valves)  are  well  defined  internally,  and  thus  impart  a  plicated  or  crenated 
character  to  the  margins;  crossing  these  are  numerous  very  regular, 
well-defined,  delicate  marks  of  growth,  that  are  usually  loss  distinct  on 
the  posterior  third,  but  give  a  neatly  crenulated  appearance  to  the  cost® 
farther  forward. 

"The  specimens  of  this  little  shell  are  rarely  more  than  about  0.50 
inch  in  diameter,  and  are  all  more  or  less  flattened  or  otherwise  distorted. 
Sometimes  they  are  distorted  by  anteroposterior  pressure,  so  as  to  pre- 
sent somewhat  the  appearance  and  outline  of  a  Lima,  being  higher  than 
wide,  and  more  or  less  oblique ;  while  in  other  examples  they  are  dis- 
torted by  vertical  pressure,  so  as  to  present  little  or  no  obliquity  and  to 
show  a  greater  antero-posterior  diameter  than  height.  I  have  not  seen 
the  hinge,  but  some  impressions  in  the  matrix  show  that  it  has  anterior 
and  posterior  lateral  teeth  like  those  of  Cardium.  It,  however,  does  not 
properly  belong  to  the  typical  section  of  that  genus. 

"Locality  and  position. — Fort  Benton  Group,  or  No.  2  of  the  Up])er 
Missouri  Cretaceous  series,  at  Oil  Springs,  20  miles  west  of  Fort  Bridger, 
Wyo." 

Cardium  trite  (sp.  nov.). 

Plato  5,  figs.  4  a  aud  b. 

ShdH  broadly  snbovate  or  suborbicular,  height  and  width  about  equal ; 
valves  gibbous,  regularly  arching  from  beak  to  base;  median  portion 
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regularly  convex ;  sides  a  little  flattened  above  the  middle ;  rostral  pa 
tion  narrowed,  elevated,  arched:  beaks  situated  well  toward  the  fron 
much  elevated  above  the  hinge-line,  prominent,  incurved,  approximate 
and  turned  very  slightly,  if  any,  forward ;  hinge-margin  moderately  Ion 
for  a  species  of  this  genus ;  front  having  a  short,  oblique  truncatio 
above,  from  the  lower  end  of  which  the  whole  free  margin  of  the  shell : 
continuously  rounded  to  the  posterior  extremity  of  the  hinge,  the  coi 
vexity  varying,  but  not  very  greatly,  in  different  parts.  Surface  marke 
by  very  numerous  fine  costse  of  nearly  uniform  size  on  all  parts  of  tl 
shell,  every  third  one  of  which  only,  bears  upon  its  back  many  sma 
nodes  or  short  spines. 

Height,  from  base  to  beak,  35  millimeters ;  width,  36  millimeters.  Tt 
height  is,  however,  sometimes  greater  than  the  width. 

This  species  bears  more  resemblance  to  C.  curium  Meek  &  Hayde 
than  to  any  other  species  of  Cardittm  yet  described  from  the  Cretaceoi 
rocks  of  the  West,  but  the  prominent'  umbonal  ridge,  and  the  coarse 
and  non-spiniferous  cost®  of  that  species,  besides  many  other  detail 
clearly  separate  it  from  the  species  here  described ;  the  peculiar  ehara< 
ter  of  the  surface-markings  also  separate  it  from  any  other  describe 
species  with  which  it  is  in  any  danger  of  being  confounded. 

Position  and  locality. — Cretaceous  strata,  probably  equivalent  with  tl 
lower  portion  of  the  Colorado  Group;  head  of  Waterpocket  Cauoi 
Southern  Utah.    Collected  by  Mr.  G.  K.  Gilbert 

Cabdium f. 

Plato  9,  figs.  2  a,  ft,  and  a 

The  illustrations  of  this  species  on  plate  9  were  drawn  by  Mr.  Mee 
only  a  short  time  before  his  death,  and  were  intended  to  represent  a  ne 
species,  which,  however,  I  have  not  yet  been  able  to  identiiy  by  spec 
mens  in  the  collections  of  either  the  Survey  or  Smithsonian  Institi 
tion.  Therefore  no  description  is  attempted,  but  the  illustrations  ai 
given  for  the  purpose  of  presenting  to  the  public  the  latest  labors  < 
that  distinguished  author,  and  to  aid  in  the  future  identification  of  tl 
species.  The  illustrations  represent  a  species  closely  related  to  tl 
C\  curtum  of  Aleck  and  Ilayden;  but  it  differs  conspicuously  from  thi 
species  in  having  the  costre  that  cover  the  space  behind  the  umbon; 
ridge  smaller  (instead  of  larger  as  they  are  in  that  species)  than  the 
are  on  the  greater  surface  of  the  shell  in  front  of  the  lidge.  U]>on  ii 
identification  by  discovered  specimens,  I  propose  for  it  the  name  C.  ult 
mum,  in  allusion  to  the  last  work  done  by  the  late  Mr.  Meek. 

Trapezium  truncatum  Meek. 

Plate  x,  figs.  6  a  and  ft. 

Pachymyat  truncaia  Meek,  1871,  An.  Eep.  U.  S.  G«»ol.  Snrv.  Terr,  for  1870,  p.  301. 
Trapezium  truncatum  Meek,  187;},  An.  Rep.  U.  S.  Gcol.  Surv.  Terr,  for  1872,  p.  4U& 

"Shell  small,  longitudinally  oblong,  very  convex;  posterior  side  Ion; 
distinctly  and  rectangularly  truncated,  apparently  closed ;  pallia!  ma 
gin  nearly  straight  and  slightly  sinuous  along  its  entire  length ;  anteri< 
margin  truncated  a  little  obliquely  forward  from  the  beaks  to  the  rath* 
prominent  and  abruptly  rounded,  or  subangularly  anterior  basal  extTen 
ity ;  cardinal  margin  nearly  straight  and  parallel  to  the  base ;  beal 
depressed  nearly  to  the  horizon  of  the  dorsal  margin,  very  oblique,  soin 
what  compressed,  and  placed  less  than  one-fifth  the  length  of  the  valv< 
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liehind  the  anterior  extremity ;  posterior  umbonal  slopes  quite  prominent 
or  subangular,  and  continued  obliquely  to  the  posterior  basal  angle,  so  as 
*tx>  divide  the  surface  of  each  valve  into  two  nearly  equal,  elongated,  in- 
^qnilateral  triangles,  the  lower  of  which  forms  the  concave  thinks ;  an- 
terior muscular  scar  small,  but  very  deep ;  posterior  muscular  scar  larger, 
shallow,  suboval ;  pallial  line  not  distinctly  seen,  but  apparently  with  a 
small  sinus.    Surface  with  rather  coarse,  irregular  marks  of  growth. 
44  Length,  1.15  inches ;  height,  0.55  inch ;  convexity,  0.58  inch. 
"  Locality  and  position. — The  specimen  was  given  to  Dr.  Hay  den  at 
-the  Salt  Lake,  and  was  found  in  that  region,  but  he  could  not  ascertain 
-*:  lie  precise  locality.    It  is  almost  certainly  Cretaceous." 

There  were  three  examples  of  this  species  found  among  the  collec- 
-t::£ons  formerly  in  Mr.  Meek's  hands  for  investigation,  of  one  of  which 
-fc-wo  views  are  given  on  plate  x.  Nothing  further  has  been  learned  as 
-fro  their  true  locality  and  position.  Neither  has  anything  further  been 
X«3arned  concerning  the  hinge  or  internal  characters  of  the  shell,  but  it  is 
X>iobably  correctly  referred  to  Trapezium. 

Trapezium  t  micbonema  Meek. 

Plate  x,  fig.  5  a. 
*-*ipeziuM  mkronema  Meek,  1873,  An.  Rep.  U.  S.  Geol.  Surv.  Toir.  for  1872,  p.  493. 

"  Shell  attaining  a  rather  large  size,  elongatc-trapeziform.  the  length 
ing  a  little  more  than  twice  the  height,  which  is  about  one-tliird  greater 
the  convexity;  anterior  margin  veiy  short  and  round;  posterior 
t*xargin  obliquely  truncated  above  and  narrowly  rounded  below ;  base 
**early  straight,  or  faintly  sinuous  along  the  middle,  rounding  up  rather 
^V>ruptly  at  each  end ;  dorsal  margin  long,  straight,  and  parallel  to  the 
;  beaks  depressed  nearly  or  quite  to  the  horizon  of  the  dorsal  niar- 
and  located  one-sixth  the  entire  length  of  the  valves  from  the  ante- 
__  margin;  umbonal  slopes  prominently  rounded  from  the  beaks  ob- 
liquely backward  and  downward  nearly  to  the  posterior  basal  extremity, 
^"liile  below  this  convexity  a  shallow  concavity  extends  from  each  beak 
^feliqucly  backward  to  near  the  middle  of  the  basal  margin.    Surface 
^"ith  numerous  very  fine,  regular,  crowded,  thread-like  radiating  lines. 
u Length,  2.28  inches;  height,  1.21  inches ;  convexity,  0.90  inch. 
**I  know  nothing  of  the  liinge  of  this  shell  and  merely  place  it  in  the 
Senus  Trapezium  from  external  characters.    Its  form  and  surface  mark- 
ings, however,  are  such  as  to  leave  little  room  for  doubts  in  regard  to  its 
stations  to  that  genus  or  Coral  liophaga. 

"  Locality  and  position. — Cretaceous  coal-bearing  sandstones  at  Bear 
ftver  City,  on  Sulphur  Creek,  Wyoming." 

So  other  than  the  type-specimen  of  this  species  has  yet  been  discov- 
ered, and  consequently  nothing  further  is  known  of  its  characters. 

Baroda  wyomingensis  Meek. 

Plate  x,  figs.  3  a  and  b. 

Tape*  vy<mi*g*im$  Meek,  1871,  Ail.  Rep.  U.  S.  Gcol.  Surv.  Terr,  for  1870,  p.  310. 
Bonda  vjomxngcnrit  Meek,  1873,  An.  Rep.  U.  S.  Gcol.  Sarv.  Terr,  for  1872,  p.  493. 

Hie  following  is  Mr.  Meek's  original  description  of  this  species,  only  a 
angle  specimen  of  which  has  been  discovered  among  the  collections 
examined  by  him,  but  that  is  evidently  his  type  and  only  example.  It 
it  figured  on  plate  x. 
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"  Shell  elongate-subelliptic  in  outline,  much  compressed ;  extremities 
nearly  equally  rounded ;  pallial  margin  straight  and  nearly  parallel  to 
the  dorsal,  but  rounding  up  regularly  at  both  ends;  dorsal  side  straight 
or  very  slightly  convex  in  outline ;  beaks  depressed  nearly  or  quite  to 
the  dorsal  margin  and  placed  about  one-fourth  the  length  of  the  valves 
from  the  anterior  end;  anterior  muscular  impression  ovate,  rather  well 
defined,  and  with  its  longer  diameter  ranging  vertically;  pedal  scar  dis- 
tinct, near  the  upper  end  of  that  of  the  anterior  adductor ;  posterior  mus- 
cular impression  very  shallow ;  pallial  line  with  its  sinus  rather  deep, 
horizontal,  and  obtuse  at  the  end.  Surface  with  lines  and  some  small 
ridges  of  growth. 

<>  Length,  1.70  inches;  height,  0.82  inch;  convexity,  about  0.28  inch." 

Mr.  Meek  also  makes  the  following  remarks  concerning  the  relations 
of  this  shell : 

"  The  only  specimens  of  this  species  yet  obtained  are  mainly  casts  retain- 
ing some  portions  of  the  shell.  They  give  very  little  idea  of  the  nature  of 
the  hinge  beyond  the  fact  that  it  seems  to  have  three  diverging  cardinal 
teeth,  the  exact  form  and  arrangement  of  which  cannot  be  made  out. 
The  general  expression  of  the  shell,  however,  is  very  nearly  that  of  some 
European  Cretaceous  forms  that  seem  to  have  essentially  the  hinge  char- 
acters of  Tapes,  though  they  may  not  be  exactly  congeneric  with  the  re- 
cent species  of  that  genus.  Among  the  foreign  species  our  shell  seems 
to  be  most  nearly  represented  by  Venus  fragilis  d'Orbigny  (from  the  Cre- 
taceous of  France),  which  is  not  a  true  Venn*,  but  has  been  referred  by 
Mr.  Zittel  to  the  genus  Tapes.  (See  Bivalven  der  Gossaug.  Nord  Allien. 
Compared  with  (FOrbigny's  figure  and  description  of  his  Y.  fragilis, 
given  in  the  Pal&mt.  Francaise,  our  shell  differs  in  being  regularly 
rounded  instead  of  truncated  posteriorly.  It  is  also  straighter  on  the 
basal  margin  and  more  broadly  rounded  in  front.  In  some  of  these 
characters  it  agrees  more  nearly  with  Professor  Zittel's  figures,  which  I 
suspect  may  represent  a  distinct  species  from  that  figured  by  d'Orbigny. 
Still  it  (lifters  from  Professor  Zittel's  figures  in  having  its  anterior  margin 
more  broadly  rounded  and  its  pallial  margin  straighter  in  outline. 

"Locality  and  position. — Mouth  of  Deer  Creek,  on  Xorth  Platte,  in 
Wyoming  Territory;  Fox  Hills  Group  of  the  Upper  Missouri  Cretaceous 
series." 

Two  years  after  this  description  was  written,  Mr.  Meek  referred  this 
species  to  the  genus  Baroda  Stoliczska  lloc.  cit.)  in  which  he  was  proba- 
bly right,  although  nothing  further  is  known  concerning  the  hinge  of 
the  species.  It  is  evidently  congeneric  with  the  following  species,  which 
I  also  refer  to  Baroda. 

Baroda  subelliptica  (sp.  nov.). 

Plate  x,  tigs.  4  a,  b,  c,  and  d. 

Shell  subelliptical  in  marginal  outline,  moderately  compressed,  that  is, 
the  valves  have  comparatively  slight  convexity ;  anterior  and  posterior 
extremities  both  somewhat  regularly,  nearly  equally,  rounded,  the  poste- 
rior being  a  little  narrower  than  the  front ;  basal  margin  broadly  convex 
and  regularly  rounded  upward,  both  anteriorly  and  posteriorly ;  dorsal 
border  broadly  convex  and  regularly  rounded  downward,  both  anteriorly 
and  posteriorly;  beak  small,  moderately  prominent,  and  placed  nearly 
midlength  of  the  shell.  The  hinge  is  not  fully  known,  but  as  that  of  the 
left  valve  is  partially  shown  by  the  larger  of  the  two  examples  figured 
on  plate  x,  it  appears  to  be  furnished  with  three  teeth.    Two  of  them  are 
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of  moderate  size,  the  position  of  the  posterior  one  of  whtyh  is  directly 
beneath  the  beak,  and  both  are  directed  somewhat  forward.  The  poste- 
rior one  of  the  three  is  much  the  longest  and  diverges  very  obliquely 
backward.  Muscular  impressions  and  pallia!  line  unknown.  Surface 
comparatively  smooth,  but  marked  with  concentric  lines  and  faint  undu- 
lations of  growth. 

Length  of  the  larger  example,  35  millimeters ;  height  from  base  to 
beaks,  23  millimeters. 

By  the  characteristics  of  the  hinge  of  this  shell,  so  far  as  they  can  be 
ascertained,  it  appears  to  belong  to  the  genus  Baroda  Stoliczska,  but 
the  shell  is  proportionally  shorter  than  those  of  this  genus  usually  are, 
and  its  beaks  are  also  more  medially  situated  than  is  usual  in  Baroda. 
Externally  it  has  much  the  appearance  of  those  Cretaceous  forms  which 
are  usually  referred  to  Tellina.  It  resembles  in  outline  the  Tellina 
(Pateomctra)  incofwpicua  of  Forbes,  as  figured  by  Stoliczska  in  vol.  iii, 
Patoontologia  Indica,  plate  iv,  fig.  8,  but  the  character  of  the  hinge,  so 
far  as  it  has  been  seen,  forbids  the  reference  of  this  shell  to  Tellina. 

Position  and  locality. — Strata  of  the  upper  portion  of  the  Fox  Hills 
Group ;  at  the  mouth  of  the  Saint  Vrains,  Northern  Colorado,  where  it 
was  discovered  by  Mr.  W.  H.  Holmes. 

MACTRAt  holmesi  Meek. 

Plato  6,  figs.  4  a,  b,  and  c. 

Cgnmat  fcoimeri  Meek,  1875,  Bull.  GeoL  and  Geog.  Surv.  Terr.,  vol.  1  (2d  ser.),  No.  1, 

p.  45. 

u  Shell  under  medium  size,  thin,  transversely  ovate  or  subtrigonal, 
rather  compressed ;  anterior  side  shorter  than  the  other  and  rounded  in 
outline;  posterior  moderately  produced  and  subtrancated  at  the  extrem- 
ity ;  basal  margin  transversely  scmiovate,  its  most  prominent  part  being 
antero-centrally ;  beaks  somewhat  depressed  and  placed  about  half- way 
between  the  middle  and  the  anterior ;  dorsal  margins  forming  a  rather 
long,  nearly  straight,  or  slightly  convex,  gentle  slope  behind  the  beaks, 
and  declining  more  abruptly  in  front,  with  a  distinctly  sinuous  outline 
just  before  the  beaks;  surface  ornamented  with  numerous  fine,  regular, 
sharply  defined  concentric  lines. 

44  Length,  0.62  inch ;  height,  0.54  inch ;  convexity,  about  0.32  inch. 

44  There  are  among  the  specimens  apparently  of  this  species  quite  a 
variety  of  tonus,  produced,  as  I  am  inclined  to  believe,  mainly  at  least, 
by  accidental  distortion,  though  they  may  represent  several  distinct 
species.  The  specimen  from  which  the  foregoing  description  and 
measurements  were  derived  presents  the  appearance  of  not  having  been 
distorted,  and,  as  may  be  seen  by  the  measurements,  is  decidedly  longer 
than  high.  Others,  however,  agreeing  exactly  in  surface-markings  and 
most  other  characters,  have  the  length  and  height  nearly  equal,  or  the 
latter  even  a  little  greater  than  the  former.  Some  of  the  specimens  also 
differ  from  that  taken  as  the  type  of  the  species  in  having  the  posterior 
nmbonal  slopes  prominent  and  subangular  all  the  way  from  the  beaks  to 
the  posterior  basal  extremity,  instead  of  only  moderately  convex.  As 
above  intimated,  however,  all  of  the  specimens  departing  decidedly  from 
the  typical  form  show  more  or  less  indications  of  accidental  distortion  and 
present  precisely  the  same  surface-markings  as  the  typical  specimen. 

44  In  regard  to  the  generic  relations  of  these  shells,  the  specimens  are 
far  from  satisfactory,  none  of  them  showing  the  muscular  or  pallia!  im- 
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pressions  or  the  cardinal  teeth.  Some  of  the  casts,  however,  show  that 
there  was  a  posterior  lateral  tooth  in  one  or  both  valves,  rather  elon- 
gated, parallel  to  the  posterior  dorsal  margin,  and  a  much  shorter  ante- 
rior lateral  close  to  the  beak.  Of  course  it  will  be  impossible  to  deter- 
mine the  generic  characters  of  these  shells  until  more  satisfactory  speci- 
mens can  be  obtained,  and  it  is  only  provisionally  that  the  species  is 
now  referred  to  the  genus  Cyrena.  The  specific  name  is  given  in  honor 
of  Mr.  William  II.  Holmes,  the  artist  of  the  Survey,  who  discovered  the 
type-specimens. 

"Locality  and  position. — On  Ralston  [Van  Bibber  t]  Greek,  three  or  four 
miles  north  of  Golden  City,  Colo.,  from  beds  supposed  to  hold  a  position 
from  400  to  500  feet  above  the  beds  of  coal  mined  at  Golden  City. 
Probably  of  Tertiary  age.  I  think  Dr.  Peale  found  the  same  species 
farther  south,  between  Golden  and  Colorado  Springs,  not  iar  from  the 
latter.    No  other  fossils  were  found  associated  with  it." 

Figs.  5  a  and  6,  plate  x,  represent  what  is  understood  to  be  the  form 
referred  to  in  the  closing  paragraph  quoted  above  as  having  been  col- 
lected by  Dr.  Peale  in  the  neighborhood  of  Colorado  Springs.  The  spec- 
imens are  all  imbedded  in  hard  rock,  but  by  breaking  many  of  them 
they  are  found  to  have  essentially  the  hinge  structure  of  Mactra^  but 
the  minor  details  of  parts  of  the  hinge  have  not  been  satisfactorily  ascer- 
tained on  account  of  the  brittleness  of  the  fragile  shells  and  the  com- 
pactness of  the  imbedding  rock. 

Figure  4  c,  on  plate  G,  is  drawn  from  Mr.  Meek's  typo.  Figures  4  a 
and  b  of  the  same  plate  arc  of  associated  examples.  An  examination  of" 
a  number  of  examples  obtained  by  myself  at  the  typical  locality,  four 
miles  north  of  Golden  City,  leaves  little  or  no  doubt  in  my  mind  that  the 
true  Cyrena  t  holmcsi  also  lias  a  hinge  in  all  respects  like  that  of  the- 
other  form  from  near  Colorado  Springs,  which,  as  before  remarked,  is 
essentially  like  that  of  Mactra. 

I  have  not  been  able  to  ascertain  with  precision  the  geological  age  or 
the  stratum  from  which  the  last-named  forms  were  obtained,  but  if  the 
shells  belong,  as  I  suppose,  to  the  Mactridec,  we  must,  in  this  case,  neces- 
sarily assume  them  to  be  of  not  later  date  than  the  Fox  Ilills  Creta- 
ceous Group,  because  that  group  embraces  the  last  of  the  true  marine 
deposits  in  that  part  of  the  continent.  Resting  immediately  upon  the 
Fox  Hills  Group  is  the  Laramie  Group,  all  the  known  fauual  remains  of 
which  are  of  brackish- water,  fresh- water,  or  land  habitat,  which  of  course 
embrace  no  Mactridcc.  Above  the  Laramie  Group  all  the  deposits  are 
of  fresh- water  origin. 

As  to  the  strata  from  which  the  typical  examples  of  Cyrena  f  holmexi 
were  obtained,  after  a  careful  personal  examination  of  the  locality,  I 
have  no  doubt  that  they  really  belong  to  the  Fox  Hills  Group,*  and  that 
they  have,  at  that  point,  been  completely  inverted  by  the  great  outflow 
of  trap,  a  large  part  of  which  still  rests  on  the  neighboring  Table  Mount- 
ain, and  the  great  vent  of  which  is  clearly  traceable  immediately  adja- 
cent to  the  fossil  locality. 

*  This  view  is  still  further  strengthened  l>y  the  discover}',  by  Mr.  Arthur  Lakes,  of 
Golden  City,  of  an  unmistakable  fragment  of  a  JScaphitea  in  the  same  stratum  "with  the 
shells  hero  described. 

Since  the  foregoing  portion  of  this  note  was  written,  Mr.  Lakes  has  scut  to  tho  Sur- 
vey a  box  of  fossils  from  Bear  Creek,  near  Morrison,  Colo.,  among  which  is  a  mass  of 
calcareous  stone  from  "750  feet  below  the  coal,"  charged  with  shells  having  all  the. 
characteristics  of  (lyrenat  holmrsi  Meek,  and  also  containing  a  fragment  of  i\Scaphitcs 
(•S.  mandancHHW  Morton  if),  which  is  evidently  identical  with  the  fragment  that  Mr. 
Lake*  found  associated  with  Cyrena  holmes'*  Meek  at  the  typical  locality.  This  leaves 
no  doubt  of  the  Cretaceous  age  of  the  last-named  species" 
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I  am  much  disposed  to  agree  with  the  opinion  expressed  by  Mr.  Meek, 
that  these  two  forms  are  specifically  identical.  I  have  no  doubt  he  was 
influenced  in  the  provisional  reference  of  the  shell  which  he  named 
Cgrenaf  kolmesi  to  that  genus,  rather  than  to  Mactra,  by  the  supposition 
that  the  strata  from  winch  it  was  obtained  were  those  of  the  Lignitic 
or  Laramie  Group,  which  he  at  that  time  regarded  as  Tertiary,  because 
the  characters  of  the  shell,  so  far  as  he  had  determined  them,  were  com- 
mon to  both  the  Cyrenidat  and  Mactridce.  That  is.  he  saw  only  the  lat- 
eral teeth  of  the  hinge,  lie  mentioned  nothing  aoout  an  external  liga- 
ment, such  as  characterizes  Cyrena,  and  1  have  not  been  able  to  detect  a 
trace  of  any  such  ligament  in  any  of  the  specimens  examined ;  and 
those  forms  from  the  neighborhood  of  Colorado  Springs  certainly  do  not 
possess  any. 

By  a  comparison  of  the  figures  4  a  and  b  with  5  a  and  &,  on  plate  G,  it  will 
be  seen  that  the  latter,  representing  the  form  from  north  of  Golden  Cit^, 
is  shorter  than  the  other  form  from  the  neighborhood  of  Colorado 
Springs,  bnt  not  proportionally  shorter  than  Mr.  Meek's  type;  but,  as 
Mr.  Meek  has  shown,  the  specimens  have  all,  or  nearly  all.  been  dis- 
torted by  pressure  in  the  soft  shale  in  which  they  are  imbedded,  and  in 
which  they  are  all  in  the  form  of  casts.  On  the  contrary,  those  from 
near  Colorado  Springs  are  completely  preserved  in  form  and  texture,  in- 
cluding the  most  delicate  markings  of  the  surface.  It  is  possible  that 
these  two  forms  belong  to  distinct  species,  but  it  is  not  probable. 

There  are  certain  features  in  these  bhells,  common  also  to  some  others 
that  have  been  discovered  in  the  Cretaceous  strata  of  the  West,  that  sug- 
gest at  least  a  subgeneric  distinction  from  the  typical  forms  of  Mactra 
different  from  any  of  the  published  subgenera,  but  they  doubtless  belong 
to  the  family,  Mactrtdce  as  before  stated. 

Mactra!  caKonensis  Meek. 

Plate  9,  figs.  11  a,  b,  and  c. 
Xactra  t  canoneneia  Meek,  1871,  An.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1870,  p.  308. 

The  following  is  Mr.  Meek's  original  description  of  this  species,  and 
the  figures  of  it  on  plate  9  are  from  his  own  drawings: 

"Shell  small,  very  thin,  transversely  subovate,  rather  compressed  or 
moderately  convex,  with  length  about  once  and  a  half  the  height;  ante- 
rior side  rounded;  posterior  side  longer,  narrower,  and  obliquely  sub- 
truncated  at  the  extremity;  pallial  margin  forming  nearly  a  semiovate 
carve,  being  most  prominent  anteriorly,  straight  or  very  slightly  sinuous 
behind  the  middle,  and  rounding  up  very  abruptly  to  the  lower  part  of 
the  truncated  posterior  margin;  dorsal  outline  nearly  straight  and  slop- 
ing to  the  truncated  posterior,  and  declining  more  abruptly  in  front; 
beaks  small,  moderately  prominent,  and  placed  one-third  the  length  of 
the  valves  from  the  anterior  margin ;  posterior  umbonal  slopes  rather  prom- 
inent to  the  posterior  basal  extremity,  while  the  sides  in  front  of  thisprom- 
inence  are  flattened,  or  even  slightly  concave  below.  Surface  with  rather 
regular  but  distinct  lines  and  furrows  of  growth.  Muscular  impressions 
shallow,  posterior  round-oval,  anterior  narrower,  with  a  slender  prolon- 
gation above;  pallial  line  with  a  shallow,  rather  rounded  sinus. 

"Length,  0.78  inch;  height,  0.53  inch;  convexity,  0.31  inch. 

"Locality  and  position. — Canon  City  [Colo.]." 

It  now  seems  almost  certain  that  this  form  is  specifically  identical 
with  If.  holmeri  (zsCyrena  f  liolmm  Meek),  the  principal  observable  dif- 
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ference  being  that  of  size.  Bat  in  the  absence  of  full  knowledge  con- 
cerning the  hinge  of  either  of  these  forms  I  prefer  at  present  to  leave  it 
under  the  designation  originally  given  it  by  Mr.  Meek.  Compare  the 
description  of  this  form  with  that  of  M.  holmesi.  immediately  preceding ; 
and  also  compare  figs.  11  a}  6,  and  c,  on  plate  9,  with  figs.  4  a,  6,  and  c7 
and  figs.  5  a  and  6,  on  plate  6. 

Genus  PACHYMYA  Sowerby. 

Pachyatya  austinensis  Shumard. 

Plate  8,  figs.  1  a  and  b,  and  plate  5,  figs.  7  a  and  5. 

"  Shell  very  large,  length  more  than  double  the  width,  and  less  than 
double  the  thickness;  greatest  width  near  the  center,  where  the  shell  is 
very  gibbous;  subangulated  diagonally  from  the  posterior  side  of  the 
beak  to  the  anal  extremity  and  sloping  to  the  margins;  posterior  slope 
broad ;  sides  constricted  anteriorly  by  a  broad,  shallow  depression,  which 
commences  some  distance  below  the  beaks  and  extends  obliquely  back- 
ward and  downward  to  the  base;  superior  and  inferior  margins  subpar- 
allel;  buccal  end  very  short,  narrowly  rounded;  anal  end  obliquely  trun- 
cate, gaping,  angulated  at  extremity;  pallial  margin  concave  in  the  mid- 
dle, rounded  beibre,  flattened,  incurved,  approximate;  surface  marked. 
with  irregular  concentric  lines  of  growth. 

"Length,  6.30  inches;  width,  2.30;  thickness,  3.64. 

"  This  shell  is  very  nearly  related  to,  if  not  identical  with,  P.  gigas  of 
Sowerby  (Min.  Conch,  vol.  6,  p.  1,  pi.  504,  505],  The  only  essential 
points  of  difference  that  I  can  perceive  are  that  in  the  foreign  shell  the 
beaks  are  situated  nearer  the  anterior  extremity,  and  the  sides  do  not 
exhibit  the  oblique  anterior  depression  which  appears  to  be  a  constant 
feature  in  the  Texan  fossil." 

Dr.  Shumard  reports  this  fossil  as  from  the  "  Washita  limestone  on 
Shoal  Creek,  near  Austin,  associated  with  Tercbratula  waeoensis,  Turri- 
lites  brazoemtiy  and  Ostrca  suborata.77  A  large  specimen  sent  to  the 
Smithsonian  Institution,  from  Salado,  Bell  County,  Texas,  by  Mr.  D.  H. 
Walker,  measures  22  centimeters  in  length,  a  dorsal  view  of  which  is 
shown  on  plate  8,  fig.  1  />,  reduced  one-half  its  natural  diameter.  A 
young  example,  also  sent  by  Mr.  Walker,  is  shown  on  plate  5,  figs.  7  a 
and  b. 

The  illustration,  fig.  1  a,  Plate  8,  is  a  reduced  copy  from  a  photograph 
of  one  of  Dr.  Shumard's  original  drawings,  about  two-thirds  natural  di- 
ameter. The  large  example  first  mentioned  is  a  natural  cast,  and  shows 
a  deep,  narrow  groove  passing  obliquely  downward  and  a  little  back- 
ward, immediately  behind  the  anterior  adductor  scar,  which  disappears 
before  reaching  the  base  of  the  shell,  and  which,  of  course,  represents  a 
ridge  upon  the  inner  surface  of  the  shell,  much  like  what  occurs  in  Pleu- 
rophorux.  The  scar  of  the  anterior  adductor  is  large,  and  situated  very 
near  the  front  margin. 

PACHYMYA  1  HERSEYI  (sp.  n0V.). 
Plato  5,  figs.  5  a  and  &. 


Shell  small,  elongate-oblong,  wider  posteriorly  than  anteriorly,  inflated, 
•catest  thickness  a  little  forward  of  the  middle,  slightly  gaping  behind : 
siks  depressed,  approximate,  incurved,  placed  near  the  front ;  basal 
argin  nearly  straight,  or  only  slightly  convex ;  posterior  margin  trun- 
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eating  the  shell  obliquely  downward  and  backward,  meeting  the  basal 
margin  by  an  abrupt  curve,  and  the  cardinal  margin  by  an  obtuse  angle; 
cardinal  margin  nearly  straight,  not  quite  parallel  with  the  base,  because 
the  shell  is  wider  behind  than  in  front ;  front  short,  truncated  downward 
and  forward  from  the  beaks  to  about  nridheight  of  the  shell,  aud  then 
abruptly  rounded  to  the  basal  margin ;  posterior  umbonal  ridge  rounded, 
prominent,  and  ending  at  the  projecting  postero-basal  margin ;  postero- 
dorsal  space,  or  that  above  the  umbonal  ridge,  so  compressed  as  to  make 
that  portion  of  the  shell  thin  and  sharp,  quite  in  contrast  with  the  obtuse 
angle  formed  by  the  meeting  of  the  two  valves  at  the  base.  Hinge  and 
interior  markings  unknown.  Surface  marked  by  the  ordinary  lines  and 
imbrications  of  growth. 

Length,  25  millimeters;  height  from  base  to  beaks,  8  millimeters; 
height  near  the  posterior  end,  10  millimeters ;  greatest  thickness,  10  mil- 
limeters. 

This  species  is  perhaps  related  to  Pachymya  truncata  Meek,*  but  differs 
from  that  species  in  having  its  posterior  margin  very  obliquely,  instead 
of  rectangularly,  truncated  j  its  cardinal  and  basal  margins  are  not  par- 
allel as  in  that  species,  and  its  beaks  are  placed  nearer  the  front,  besides 
other  less  conspicuous  differences. 

It  is  referred  to  Paehymya  with  some  doubt,  mainly  on  account  of  the 
thinness  of  the  test  and  the  general  delicacy  of  the  shell.  It  is  possible 
that  it  should  be  referred  to  Trapezium,  but  no  trace  of  the  radiating 
strife,  which  usually  mark  the  surface  in  that  genus,  have  been  detected 
in  this  species,  and  it  lacks  the  general  fades  as  well  as  the  form  of  that 
genus. 

Position  and  locality. — Cretaceous  strata  of  the  Fox  Hills  Group;  near 
the  confluence  of  the  Saint  Vrains  with  the  South  Platte,  Northern  Colo- 
rado?  where  it  was  collected  by  Mr.  J.  0.  Hersey,  in  whose  honor  the 
specific  name  is  given.  Specimens  of  this  species  have  also  been  sent 
to  the  office  of  the  Survey  by  Mr.  L.  C.  Woster,  from  strata  of  the  same 
horizon  10  miles  west  of  Greeley,  Colo.  The  Survey  is  indebted  to  both 
these  gentlemen  for  the  privilege  of  examining  important  and  interesting 
collections  of  fossils. 

Genus  GLYCDIEMS  Lamarck. 
Glycimeeis  beethoudi  (sp.  nov.). 

Plato  6,  figs.  1  a  and  b. 

Shell  irregularly  oblong  in  marginal  outline,  moderately  gibbous, 
widely  gaping  behind;  dorsal  margin  nearly  straight,  or  rising  a  little 
backward  from  the  beaks,  making  it  slightly  concave ;  base  straight  or 
slightly  emarginate,  and  subparallel  with  the  dorsal  margin ;  posterior 
margin  long,  obliquely  truncating  posterior  end  downward  and  forward, 
the  basal  and  posterior  margins  forming  almost  a  true  obtuse  angle  with 
each  other ;  posterior  margin  abruptly  rounded  to  the  dorsal  margin ; 
front  regularly  rounded,  the  rounding  being  a  little  more  abrupt  to  the 
dorsal  titan  to  the  basal  margin ;  beaks  placed  a  little  in  advance  of  the 
middle,  comparatively  small,  elevated  above  the  hinge-line,  and  incurved, 

•  In  a  subsequent  publication,  Mr.  Mock  (Annual  Report  U.  S.  Geol.  Sur.  for  1872,  p. 
493)  expresses  the  opinion  that  this  species  belongs  to  the  genus  Trajtezium,  and  not 
Pachymya.  I  have  not  so  referred  the  species  hero  described,  although  it  is  possibly 
congeneric  with  that  of  Mr.  Meek,  because,  while  I  have  doubts  as  to  its  being  a  true 
Packymya,  I  have  likewise  doubts  as  to  the  propriety  of  referring  it  to  Trapezium,  at 
least  before  its  hinge  shall  be  folly  known. 
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but  not  turned  forward ;  a  distinct  sulcus  radiates  from  just  behind  each 
of  the  beaks  toward  the  postero-dorsal  margin,  but  becomes  obsolete 
before  reaching  it.  These  sulci  give  the  back  of  the  shell  a  hollowed  ap- 
pearance behind  the  beaks.  Another  linear  depression,  but  a  faintly 
defined  one,  extends  from  the  posterior  side  of  the  beak  to  the  obtuse 
postero-basal  angle  of  the  shell,  its  position  being  immediately  behind 
that  of  an  umbonal  ridge,  if  one  existed. 

Surface  marked  by  the  usual  lines  of  growth  and  also  by  strong  eon- 
centric  wrinkles,  which  latter  are  a  little  stronger  in  front  of  than  behind 
the  faintly  defined  umbonal  depression  before  mentioned. 

Length,  85  millimeters;  height  from  base  to  beaks,  53  millimeters; 
thickness,  about  34  millimeters. 

The  hinge  of  this  species  has  not  been  seen,  but  the  external  char- 
acteristics of  the  shell  are  so  in  keeping  with  those  of  the  typical  forms 
of  Glycimeris  as  to  leave  no  doubt  that  it  is  properly  referable  to  that 
genus.  Indeed,  it  bears  considerable  resemblance  to  Mya  glycimeri^ 
Lamarck's  type  of  the  genus ;  but  it  differs  from  that  species  in  the 
greater  proportionate  height  of  the  shell  behind  the  beaks,  the  great 
length  of  the  posterior  bonier  and  its  downward  and  forward  truncation 
of  the  shell,  the  angular  character  of  the  postero-ventral  border,  &c 
Our  type-speciinen  is  very  like  one  in  the  cabinet  of  the  Smithsonian 
Institution  labeled  "  From  near  Marlboro,  K".  J.,w  and  which  probably 
belongs  to  the  Panopcea  dccisa  of  Conrad ;  but  the  hinge-line  of  our 
species  is  straighter,  and  both  the  antero  and  postero-dorsal  ]x>rtions 
are  more  elevated  and  more  compressed.  The  only  other  American 
species  with  which  it  need  bo  compared  is  G.  occidentalis  Meek  & 
Hayden,  vol.  ix  (4to  series),  U.  S.  Geol.  Snrv.  Terr.,  p.  250,  pi.  39,  figs.  9  a 
and  b ;  but  it  diners  from  that  species  in  the  peculiar  posterior  trunca- 
tion before  mentioned,  the  greater  proportionate  length  of  the  hinge- 
margin,  and  the  greater  promiueuce  and  elevation  of  the  antero-dorsal, 
as  well  as  of  the  postero-dorsal  portion.  The  specific  name  is  giveu 
in  honor  of  Capt.  E.  L.  Berthoud,  of  Golden  City,  Colo.,  to  whom  the 
Survey  is  indebted  for  interesting  fossils  and  many  accurate  observa- 
tions, the  result  of  his  large  experience  in  the  Rocky  Mountain  region. 

Position  and  locality. — Strata  apparently  equivalent  with  Cretaceous 
Xo.  3,  or  Fort  Pierre  Group  of  the  Upper  Missouri  section;  about  15 
miles  west  of  Greeley  and  about  0  miles  south  of  Fort  Collins,  Colo. 

Genus  PARAPHOLAS  Conrad. 
Paeapiiolas  sphenoideus  White. 

Plato  5,  figs.  1 «,  6,  o,  and  d. 
Turnus  sphenoideutWrnTK,  187G,  Powell's  Rop.  Gcol.  Uinta  Mta.,  p.  117. 

Shell  elongate,  cnneate,  in  Hated  in  front,  narrowed  and  laterally  com- 
pressed behind ;  beaks  anterior,  incurved,  adjacent ;  dorsal  margins  o^ 
the  valves  straight  and  sloping  from  the  beaks  to  the  posterior  end^* 
capped  or  connected  by  a  slender,  styliform,  plain,  accessory  plate  ^ 
posterior  extremity  small,  truncated,  or  narrowly  rounded ;  basal  mar — 
gins  nearly  straight,  connected  by  a  ventral  accessory  plate  similar  t 
the  dorsal  one,  except  that  it  is  shorter,  broadest  behind,  but  coming  to  i 
slender  point  in  front  about  midlength  of  the  shell  longitudinally^ 

divided  by  a  linear  groove ;  front  regularly  rounded,  both  vertically  and 

laterally ;  anterior  gape  consisting  of  a  narrow,  vertical  slit,  which  occu — 
pies  the  middle  of  a  somewhat  prominent  projection  at  the  autero-basaK^ 
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portion  of  the  shell,  which  projection  has  the  shape  of  a  Norman  shield, 

as  seen  by  front  view  when  l>oth  valves  are  in  their  natural  position, 

and  which  seems  to  have  been  occupied  by  a  much  wider  gape  in  the 

younger  than  in  the  adult  condition  of  the  shell .;  both  umbonal  grooves 

distinct,  both  upon  the  outer  surface  and  upon  that  of  the  stony  cast ; 

anterior  groove  broader  and  deeper  than  the  other,  but  both  are  slender; 

besides  the  two  umbonal  grooves  there  is  another  somewhat  broader 

groove  or  furrow,  extending  with  a  broad,  downward  curve  from  the 

posterior  side  of  the  beak  to  the  posterior  end  of  the  shell.    This  groove, 

like  the  other,  is  distinctly  traceable  upon  the  outer  surface,  but  is  inore 

distinctly  seen  upon  the  stony  cast. 

Abroad,  sulicircular,  cake-like  umbonal  accessory  valve  covers  thebeaks 
and  the  space  between  them,  the  valve  being  divided  by  a  suture  into  two 
nearly  semicircular  pieces,  so  neatly  that  it  is  hardly  perceptible  until 
the  valves  are  slightly  displaced.  The  margins  of  the  principal  valves 
between  the  beaks  and  the  Norman  shield-shaped  projection  are  narrowly 
but  abruptly  everted,  which,  with  the  beaks  above  and  the  borders  of 
the  projection  below,  bound  a  distinctly  hollowed  space  on  each  side  and 
below  each  beak.  Besides  the  grooves  before  mentioned,  the  surface  is 
marked  by  fine  concentric,  distinctly  raised  lines  on  each  side  of  the  shell, 
tat  they  are  less  distinct  upon  the  surface  of  the  Xorman  shield-shaped 
projection  than  elsewhere.  Between  the  posterior  groove  or  furrow  before 
mentioned  as  ending  at  the  posterior  margin  of  the  shell  and  the  dorsal 
margin,  the  surface  is  occupied  by  strong,  irregular  scales  and  laminae 
that  were  successively  left  as  the  shell  increased  in  size. 

Length,  13  millimeters;  greatest  height,  7  millimeters;  breadth  at 
fiont,  6  millimeters. 

Since  publishing  the  original  description  of  this  species  (loc.  tit.),  I  have 
had  opi>ortunity  to  examine  additional  examples,  which  show  its  charac- 
teristics more  completely  than  they  were  known  before.    This  is  shown 
in  the  modified  description  of  the  species  and  the  reference  of  it  to  Para- 
pholas  ( -onrad,  instead  of  to  Turnux  Gabb,  as  was  done  before.    Although 
its  outward  form  is  quite  different  from  that  of  the  typical  species  of  Tur- 
*«w,  I  then  believed  the  posterior  umbonal  groove/ which  I  saw  only  in 
the  stony  cast,  to  represent  an  internal  rib,  and  not  a  groove  in  the 
test.    Mr.  Gabb  also  mentioned  the  discovery  of  fragments  of  tubes  as- 
sociated with  his  examples  of  Turnus,  which  led  him  to  believe  pertained 
to  those  shells,  thus  relating  them  to  Teredo  on  the  one  hand,  while  other 
characters  connected  them  to  the  Pholodidw.   I  had  also  detected  fragments 
of  tubes  associated  in  the  same  mass  of  rock  with  this  species,  but  later 
examination  leads  me  to  believe  that  they  belong  to  a  true  Teredo,  al- 
though the  valvular  portions  have  not  been  discovered.    These  tube-like 
specimens,  together  with  the  shells  here  described,  were  contained  in 
small,  irregular,  nodular,  impure  lime-carbonate  masses,  of  three  or  four 
inches  in  diameter,  the  somewhat  distorted  tul>es  traversing  them  irreg- 
ularly; butraost  of  the  specimens  here  described  were  found  with  their 
anterior  ends  all  pointing  to  ward,  the  center  of  the  nodules,  with  their 
posterior  ends  pointing  outwards,  and  placed  near  the  outer  surface 
of  the  nodule.    The  nodules  were  found  to  contain  a  few  fragments  of 
unmistakable  fossil  wood.    It  is  probable  that  this  wood  was  bored  by 
both  the  Teredo  and  the  Parapholas,  and  as  that  decayed,  the  shells  formed 
a  nucleus  around  which  the  lime-carbonate  formed  the  nodular  masses  in 
the  shale  in  which  they  were  discovered. 

I  am  not  fully  satisfied  now  that  this  species  really  belongs  to  Paraplio- 
hu  Conrad,  or  to  any  other  published  genus;  but  I  refer  it  to  Parapholas 
mainly  because  Stohczska  has  adopted  that  name  for  some  Cretaceous 
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shells  of  Southern  India  which  are  evidently  congeneric  with  this  species. 
Apparently  entertaining  similar  doubts,  Mr.  Whiteaves  referred  with 
doubt  a  shell  that  is  probably  congeneric  with  onrs  to  Martesia  {Marte- 
sia f  carinifera,  Geol.  Suit.  Canada,  Mes.  Foss.  part  1,  p.  54,  pi.  ix,  fig.  7.). 

Parapholas  mersa  Stoliczska,  from  Cretaceous  strata  of  Southern  In- 
dia, possesses  all  the  generic  cliaracteristics  of  this  shell  (Palseonto- 
logia  Indica,  vol.  iii,  p.  24,  pi.  ii,  fig.  7).  It  differs  from  this  species  too 
obviously  to  need  minute  comparison,  but  it  may  be  mentioned  that 
our  shell  is  much  more  slender,  its  umbonal  grooves  more  oblique,  its 
front  not  so  much  impressed,  and  ite  basal  accessoryvalve  is  shorter 
and  sharply  pointed  in  front  instead  of  behind.  Mr.  Whiteaves  was  not 
able  to  learn  anytlnng  concerning  the  accessory  valves  of  his  species. 
The  presence  of  two  unibonal  grooves,  together  with  its  elongate  form, 
would  seem  to  indicate  generic  relation  with  our  shell.  In  its  specific 
characters  it  differs  widely  from  all  known  species,  except,  perhaps,  Mar- 
tenia  cuncata  Me^k  &  Ilayden.  Some  examples  apparently  of  this  species, 
collected  in  the  valley  of  the  Yellowstone  Eiver  by  Mr.  J.  A.  Allen,  indi- 
cate that  the  full  adult  forms  are  a  little  more  elongate  than  the  type-speci- 
mens  of  that  8]>ecies,  and  in  that  respect,  as  well  as- in  many  details,  they 
closely  resemble  our  species.  They  have,  however,  only  one  umbonal 
groove.  Another  feature  of  close  resemblance  between  that  species  and 
ours  is  the  almost  exact  identity  in  shape,  size,  and  position  of  the  umbo- 
nal plate,  and  its  division  by  a  linear  longitudinal  suture  in  both  species. 
It  thus  seems  that  the  division  of  the  umbonal  plate  is  not  a  gemeric 
character,  but  I  can  hardly  agree  with  Dr.  Stoliczska  that  the  shells 
having  two  umbonal  grooves  are  not  gencrically  distinct  from  thdfeti  with 
one. 

Position  and  locality. — Cretaceous  strata.,  probably  of  the  age  of  the 
Colorado  Group ;  Upper  Kanab,  Southern  Utah,  where  it  was  collected 
by  M*y.  J.  W.  Powell. 

GASTEROPODA. 

Genus  PALIUEUS  Gabb. 
Pauubus  pe>*ta>tgulatus  (sp.  nov.). 

Plate  4,  figs.  4  a  ;uid  h. 

Shell  slender,  somewhat  strongly  bent,  very  gradually  tapering  from 
the  proximal  to  the  distal  end ;  longitudinal  angles  or  canine  five,  prom- 
inent, subangular ;  intervening  grooves  broadly  concave ;  internal  cav- 
ity moderately  large,  circular  in  cross-section. 

Full  length  unknown;  the  only  example  collected,  which  is  appar- 
ently nearly  full-length,  17  millimeters ;  diameter  at  the  prpxiinal  end 
of  the  specimen  2  millimeters,  at  the  distal  end  11  millimeters. 

This  shell  has  much  the  aspect  of  a  portion  of  the  stem  of  a  Penta- 
erhnifi,  es]>ocially  as  to  its  pentangular  cross-section,  but  it  is  destitute 
of  the  jointed  structure  of  those  bodies,  and  the  circular  internal  cavity 
shows  plainly  its  testaceous  character.  It  seems  evidently  to  belong  to 
the  same  group  to  which  Mr.  Gabb  gave  the  name  Paliurus,  although  it 
is  marked  by  five  instead  of  by  only  three  carinae,  as  in  the  typical 
species. 

I  am  much  more  inclined  to  think  these  shells  are >  related  to  DentuMum 
than  to  the  Annclidcc,  to  which  Mr.  Gabb  referred  the  typical  species. 
Therefore  they  are  so  classified  in  this  paper. 
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Position  and  locality. — Strata  of  Cretaceous  age,  probably  of  the  Fox 
Hills  Group;  Monument  Creek,  near  Colorado  Springs,  where  it  was  col- 
lected by  Mr.  W.  II.  Holmes. 

Genus  ANISOMYON  Meek  &  Hayden. 
Anisomyon  centrale  Meek. 

Plate  9,  tigs.  1  a,  6,  c,  and  d. 

Animmyo*  ctntrale  Meek,  1872.  An.  Rep.  IT.  S.  Gcol.  Surv.  Terr,  for  1870,  p.  312. 
Anitomyon  ctntrale  White,  18*0,  U.  S.  Expl.  and  Surv.  West  100th  Merid.,  p.  194,  pL 
xviii,  f.  8. 

u  Shell  depressed  conical,  somewhat  wider  than  high ;  apex  central,  or 
very  nearly  so ;  slopes  nearly  equal  all  around,  or  with  sometimes  the 
anterior  and  sometimes  the  posterior  side  a  little  convex,  and  the  others 
more  nearly  straight;  aperture  circular;  surface  apparently  smooth, 
excepting  obscure  lines  of  growth,  crossed  by  several  irregular,  diverg- 
ing, obscure,  radiating  ridges,  and  more  strongly  defined  furrows ;  the 
ibnner  being  mainly  on  the  posterior  and  the  latter  on  the  interior 
[anterior?]  and  lateral  slopes. 

"  Breadth  of  largest  specimen  seen,  1.1C  inches ;  height,  about  0.95 
inch. 

"I  have  seen  only  two  specimens  of  this  species,  and  these  are 
internal  casts,  with  merely  some  fragments  of  the  very-  thiu  shell  remain- 
ing, while  the  extreme  apex  of  both  is  broken  away.    The  radiating  fur- 
sows  are  rather  distinctly  defined  on  the  anterior  slope  of  the  internal 
<3i3t,  while  one  (not  apparently  the  middle  one)  is  narrower  and  dis- 
tinctly deeper  than  the  others  on  each  side  of  it,  which  latter  are  about 
twiceas  wide,  shallow,  and  often  somewhat  divided  by  a  small  ridge 
«lown  the  center  of  each.    On  the  posterior  slope,  one  of  the  ridges  is 
snore  strongly  defined  than  the  others,  especially  near  the  apex,  and 
^eerns  to  correspond  to  the  deeper  furrows  of  the  anterior  »k>i>e,  though 
siot  exactly  opposite  to  it.    The  broken  apex  in  one  of  the  specimens 
looks  as  if  it  might  have  been  curved  a  little  backward,  though  in  the 
other  it  evidently  curved  forward  at  the  point,  if  I  have  rightly  de- 
termined the  relative  sides.    One  of  the  specimens  shows  obscure  traces 
of  the  oval  muscular  scar  on  each  side,  and  these  are  connected  across 
the  side  1  regard  as  the  anterior  by  a  slender  line,  but  the  specimen 
being  a  little  worn  on  the  opposite  or  posterior  side,  I  have  been  unable 
to  make  out  the  broader  interrupted  band  that  ought  to  pass  around  the 
posterior  side  if  the  species  really  belongs  to  this  genus. 

"  This  species  will  l>e  readily  distinguished  from  all  of  the  others  yet 
known  from  the  far  Western  Cretaceous  rocks  by  its  conical  form  and 
elevated  apex. 

"  Locality  and  position. — Box  Elder  and  Colorado  City,  Colo. ;  Fox 
Hills  Group  of  the  Upper  Missouri  Cretaceous  series." 

The  illustrations  of  this  species  on  plate  9  were  prepared  by  Mr.  Meek 
a,  short  time  before  his  death.  The  specimens  were  collected  by  Mr.  W. 
H.  Holmes,  and  other  specimens  of  the  species  have  been  discovered  on 
Gallinas  Creek,  New  Mexico,  by  Professor  Cope,  and  published  by  the 
writer  (toe.  cit).  These  are  merely  casts  in  indurated  clay,  and  do  not 
therefore  correctly  represent  the  natural  proportions  of  the  shell,  because 
their  height  had  been  much  reduced  by  vertical  pressure.  Still  later, 
a  few  others  were  discovered  by  the  writer  west  of  the  Kocky  Mountains 
in  Northwestern  Colorado. 
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This  species  seems  to  be  at  least  as  distinct  from  any  of  other  pub- 
lished foiins  as  they  are  from  each  other,  but  specific  variation  in  this 
genus  is  evidently  very  great.  Indeed,  I  think  one  cannot  examine  the 
original  types  of  the  published  species  and  the  collections  subsequently 
made,  together  with  the  original  descriptions  and  illustrations  given  by 
Mr.  Meek  in  the  publications  of  the  United  States  Geological  Survey  of 
the  Territories,  without  entertaining  serious  doubts  whether  more  thaii 
two  or  three  out  of  the  seven  published  species  of  this  genus  from  the 
Cretaceous  strata  of  the  United  States  are  well  founded.  It  is  also  a 
fact  worthy  of  note  in  this  connection  that  all  the  American  species 
hitherto  published  are  from  the  same  or  nearly  the  same  stratigraphical 
horizon. 

Genus  ACTION  Montfort 
Action  woosteri  (sp.  nov). 

Plato  7,  figs.  9  a,  bt  and  o. 

Shell  small,  narrowly  subovate ;  spire  acute,  moderately  produced,  but 
forming  only  about  one-quarter  of  the  length  oi  the  shell;  sides  of  the  spire 
little  if  any  convex;  spiral  angle  about  50°;  volutions  five  or  six,  mod- 
erately convex,  the  last  one  not  disproportionately  inflated ;  suture  dis- 
tinct, the  distal  side  of  the  volutions  bending  more  abruptly  into  it  than 
the  proximal  side;  aperture  narrow, distal  end  acutely  angular,  proximal 
end  rounded  and  slightly  snbangular  at  the  end  of  the  columella;  outer 
lip  thin ;  inner  lip  a  little  thickened,  especially  along  the  proximal  half 
of  its  length,  upon  which  is  apparently  the  moderately  raised  fold  which 
characterizes  the  genus,  but  the  condition  of  the  only  examples  discov- 
ered do  not  show  this  feature  clearly.  Surface  marked  by  numerous 
fine  revolving  lines,  each  alternate  one  being  generally  a  little  stronger 
than  the  other,  but  they  are  apparently  otherwise  of  uniform  size  upon 
all  portions  of  the  surface.  The  examples  are  not  in  a  condition  to  show 
whether  these  lines  are  punctate  or  not,  but  they  probably  were,  as  is 
usual  in  species  of  this  genus. 

Length,  13  millimeters;  diameter,  6  millimeters;  length  of  aperture, 
7.J  millimeters. 

The  only  two  examples  of  this  species  discovered  were  in  the  form  of 
casts  of  tlie  interior  and  partial  molds  of  the  exterior.  The  shells  also 
are  a  little  narrower  than  typical  forms  of  Actaon,  but  the  observable 
characters  leave  little  doubt  that  the  species  is  properly  referable  to  that 
genus.  It  differs  from  A.  attenuatus  Meek  &  Hayden,  from  the  Upper 
Missouri  River  country,  in  its  much  shorter  spire,  the  lesser  flattening 
of  the  sides  of  its  volutions,  especially  the  body  one.  and  iu  the  propor- 
tionally longer  aperture.  From  Solidula  [Act&ont]  riddelli  Shumard, 
from  Texas  (Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  viii,  p.  104),  it  differs  in  the 
greater  convexity  of  the  spiral  angle  and  in  the  much  coarser  and  smaller 
number  of  revolving  stria?.  The  specific  name  is  given  in  honor  of  Mr. 
L.  C.  Wooster,  to  whom  the  Survey  is  indebted  for  the  opportunity  to 
examine  interesting  collections  of  fossils  from  Colorado,  among  which 
were  fragments  of  this  species. 

Position  and  locality. — Fox  Hills  Group,  Cretaceous ;  near  the  conflu- 
ence of  the  Saint  Vrains  and  South  Platte  Rivers,  Northern  Colorado, 
and  also  from  the  Eio  San  Juan,  Southwestern  Colorado.  Collected  by 
Mr.  W.  H,  Holmes,  artist  and  geologist  of  the  Survey, 
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Genus  ACT^ONTNA  d'Orbigny. 

ACT^ONENA  PROSOCHEILA  (8p.  IIOV.). 

* 

Plate  7,  figs.  10  a  and  6. 

Shell  small,  much  involute,  narrow,  subterete,  widest  in  front  of  the 
middle;  spire  very  small  and  short;  volutions  four  or  five,  flattened  on 
the  sides,  which  flattening  is  especially  observable  upon  the  last  volu- 
tion, the  greater  part  of  each  of  the  others  being  successively  covered 
by  partial  involution;  suture  distinct,  not  impressed  upon  its  distal  side, 
but  the  distal  side  of  the  volutions  bend  abruptly  into  the  suture,  giving 
that  aide  of  the  volutions  a  shouldered  appearance;  aperture  moderately 
large;  distal  portion  very  narrow;  proximal  portion  moderately  ex- 
panded, and  its  margin  rounded  from  the  outer  border  to  the  end  of  the 
columella,  with  which  it  forms  an  obtuse  subangle;  outer  lip  thin;  inner 
lip  flexous,  somewhat  thickened,  especially  along  its  proximal  portion, 
where  the  flexure  occurs. 

The  only  example  discovered  is  a  cast  from  which  the  test  has  been 
almost  wholly  removed,  but  there  are  upon  it  indications  that  revolving 
lines  thickly  covered  the  whole  surface.  They  are  apparently  somewhat 
coarser  than  those  of  the  preceding  species,  Actason  woosteri,  but  noth- 
ing further  concerning  their  character  can  be  ascertained. 

Length,  4£  millimeters;  breadth  at  widest  part,  6£  millimeters;  length 
of  aperture,  10  J  millimeters ;  length  of  spire  beyond  the  distal  end  of  the 
aperture,  nearly  4  millimeters. 

This  species  seems  to  be  a  true  Actaeonina.  In  general  aspect  and 
surface-marking  it  resembles  Actwon  attenuate  Meek  &  Hayden,  which, 
as  suggested  by  Mr.  Meek,  may  be  an  Actwonina,  but  it  differs  conspic- 
uously in  its  much  shorter  spire  and  more  slender  general  form. 

Position  and  locality. — Fox  Hills  Group;  at  the  confluence  of  the  Saint. 
Trains  and  South  Platte  Eivers,  Northern  Colorado,  where  it  was  dis- 
covered by  Mr.  W.  H.  Holmes,  artist  and  geologist  of  the  Survey. 

Genus  TUEBONTLLA  Eisso. 
Turbonilla  (Chemnitzia)  coalvillensis  Meek. 

Plate  9,  figs.  5  a  and  b. 

TurbtneOa  (Ckemmtsiat)  ooalvxllensxa  Meek.  1873,  An.  Eep.  Geol.  Suit.  Terr.  U.  S.  for 
1872,  p.  505. 

This  species,  together  with  some  others,  are  included  in  this  paper 
mainly  for  the  purpose  of  publishing  the  illustrations  of  them  which  were* 
prepared  by  Mr.  Meek  a  short  time  before  his  death,  and  which  he  had 
no  opportunity  to  publish.  In  most  cases,  little  or  no  additional  infor- 
mation concerning  these  species  has  been  obtained,  and  therefore  his; 
descriptions  and  remarks  alone  are  given  as  he  originally  wrote  them. 

44  Shell  elongate-conical;  volutions  ten  or  eleven,  moderately  convex  ; 
last  one  not  much  produced  below,  rounded  or  sometimes  obscurely 
subangular  around  the  middle ;  suture  well  defined;  aperture  rhombic- 
suboval,  being  angular  above  and  apparently  a  little  so  below ;  inner- 
lip  slightly  thickened,  rather  deeply  arched,  a  little  reflected  and  closely 
appraised  below ;  outer  lip  thin.  Surface  ornamented  by  rather  strong,. 
simple,  regular,  nearly  or  quite  straight,  vertical  ridges,  crossed  by  regu- 
larly disposed  revolving  lines  (about  ten  or  eleven  of  the  ridges,  and  five* 

20GS 
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or  six  of  the  revolving  lines  being  seen  on  each  volution  of  the  spire) ; 
while  only  the  revolving  lines  are  continued  below  the  middle  of  the 
body-volution. 

"Length  of  a  large  specimen,  1  inch;  breadth,  0.40  inch;  angle  of 
spire,  from  20°  to  25°. 

"  Xone  of  the  specimens  of  this  species  yet  seen  are  quite  perfectly 
preserved  at  the  base  of  the  aperture.  Some  of  them  look  as  if  there 
had  been  a  slight  angularity  there,  while  others,  differing  in  no  other  re- 
spect, present  appearances  that  leave  room  for  doubt  on  this  point.  In 
some  of  its  characters,  this  shell  reminds  one  of  the  fresh-water  Oonio- 
hasis,  to  which  I  was  at  one  time  much  inclined  to  refer  it,  and  I  am 
hardly  quite  sure  that  it  may  not  have  to  take  the  name  Ooniobasis  eoai- 
MiUensis.  Many  authors  refer  very  similar  shells  to  Clwmniteia,  but  it 
has  not  so  large  and  produced  a  body-volution  and  aperture  as  the  forms 
to  which  Mr.  Conrad  and  Dr.  Stoliczska  proposed  to  apply  that  name. 
If  found  in  any  of  the  Paleozoic  rocks,  most  geologists  woidd  refer  it  to 
Lo&onema  of  Phillips.  Whether  or  not  the  nucleus  or  apex  of  its  spire 
was  covered,  as  in  the  typical  species  of  Turbonillaj  I  have  been  unable 
tO'determine.  It  is  a  far  larger  shell,  however,  than  the  species  upon 
which  that  genus  was  founded. 

"  Specifically,  this  species  seems  to  be  related  to  Turbonilla  spittmani 
Conrad  {Jonra,  Acad.  N.  S.,  vol.  iv,  new  series,  pi.  46,  fig.  28),  but  its 
vertical  folds  or  costtB  are  straighter,  less  crowded  and  less  numerous, 
while  its  revolving  lines  are  smaller  and  more  numerous.  Its  aperture 
also  certainly  differs  in  being  decidedly  more  angular  above,  and  prob- 
ably somewhat  so  below.  It  may  likewise  be  compared  with  Scalaria 
mathetrsonii  Gabb,  from  Cretaceous  rocks  of  California,  from  which  it 
differs  in  having  less  convex  volutions,  or  less  roundeu  aperture,  less 
crowded  vertical  ridges,  and  more  distinct  and  coarse  revolving  lines. 

"  Locality  and  position. — Coalville,  Utah;  from  below  the  lowest  heavy 
.bed  of  coal  at  that  locality.    Cretaceous." 

Genus  PIIYSA  Draparnaud. 

Physa  oaeletoni  Meek. 

Plato  7,  fig.  12  a. 
JPltysa  carleloni  Meek,  1873,  An.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  508, 

No  other  example  of  this  species,  besides  the  single  type-specimen 
•  disco vered  by  Mr.  Meek,  has  ever  been  obtained.  The  following  is  his 
description,  and  the  figure  on  plate  7  was  drawn  from  the  type-specimen: 

"Shell  rliombic-subovate,  attaining  a  medium  size ;  very  thin;  spire 
short  and  small;  volutions  alxmt  three,  last  one  very  large,  or  forming 
near  nine-tenths  the  entire  bulk  of  the  shell;  aperture  unknown;  surface 
showing  rather  obscure  lines  of  growth. 

"Length,  0.56  inch;  breadth,  0.35  inch. 

"The  only  specimen  of  this  species  I  have  seen  is  somewhat  imperfect, 
and  so  connected  with  a  portion  of  the  arenaceous  matrix  that  its  aper- 
ture and  columella  cannot  be  seen.  It  seems  to  have  most  nearly  resem- 
bled such  recent  species  as  P.  lordi  Baird  in  general  form.  I  should 
not  have  attempted  to  name  and  characterize  the  species  without  seeing 
the  columella  and  aperture,  had  it  not  seemed  desirable  to  call  attention 
to  it  as  the  first  species  of  the  genus  hitherto  found  in  the  well-marked 
Cretaceous  strata  of  this  country. 

u  Locality  and  position. — Carleton's  coal-mine,  near  Coalville,  Utah,  in 
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a  Cretaceous  bed,  associated  with  TJnio,  Cardium,  Inoceramus,  Anomia, 
NeritinOy  and  other  marine  and  fresh-water  shells." 

Although  this  interesting  locality  litis  been  twice  visited  by  myself 
since  Mr.  Meek  made  his  collections  there,  it  wjis  found  impracticable  to 
make  any  further  collections  on  account  of  the  discontinuance  of  mining 
operations  there  and  the  consequent  falling-in  of  the  excavated  strata. 
Mr.  Meek  found  them  to  contain  a  remarkable  assemblage  of  marine, 
brackish-water,  and  fresh-water  forms  belonging  to  the  following  genera: 
InoceramuSy  Unio,  Cardium,  Cyrenn,  Anomia,  Physa,  Yalmta^  Ncritina, 
Mclampu*,  EuUma  [Eulimellat],  and  Turritella.    A  remarkable  feature 
in  this  assemblage  of  fossils  is  the  modern  type  of  the  fresh-  and  brackish- 
water  forms,  especially  of  the  Pulmonate  Gaxteropoda,  although  they  are 
certainly  of  Cretaceous  age,  and  proliably  not  much  above  the  middle 
of  the  fiill  Cretaceous  series  as  developed  in  Western  North  America. 
The  marine  character  of  the  Cretaceous  strata  above  these  fresh-  and 
brackish-water  fonns  is  as  well  marked  as  that  of  those  below  them. 
The  following  are  remarks  by  Mr.  Meek  (Uc.  eit.  p.  4-15)  in  relation  to 
the  geological  position  and  affinities  of  these  interesting  fossils,  the 
remainder  of  which  it  is  hoped  will  be  illustrated  in  a  subsequent  paper: 
"Here  we  have  from  beds  certainly  overlaid  by  more  than  1,000  feet 
of  strata,  containing  Cretaceous  types  of  fossils,  a  little  group  of  forms 
^presenting  such  modern  affinities  that,  if  placed  before  any  paleontolo- 
gist unacquainted  with  the  tacts,  they  would  be  at  once  referred  to  the 
"TTertiary.    Such  examples  as  this  illustrate  the  difficulties  with  which 
"*he  paleontologist  sometimes  has  to  contend,  and  show  how  very  cautious 
"we  should  bo  in  deciding  from  the  affinities  of  new  species  of  fresh-  and 
brackish-water  types  of  shells  (the  vertical  range  of  which  is  unknown) 
~«he  geological  age  of  the  rocks  m  which  they  are  found;  because  species 
«f  this  kind,  from  rocks  of  various  ages,  often  closely  resemble  each 
either,  while  they  rarely  present  such  well-marked  distinctive  features  a« 
"^■e  sec  in  marine  shells  from  different  horizons.    Some  of  the  species  of 
-2*hy*a,  CyreiM,  Neritina,  &c,  for  instance,  from  the  clays  under  consid- 
eration, closely  resemble  existing  species,  wliilo  one  or  two  of  Mdampiis 
present  but  very  slight  differences  from  Paris  Basin  Tertiary  species 
•fignred  by  Deshayes  under  the  name  Auricula. 

"It  would  appear  that  the  indurated  clay  containing  these  mixed  types 
shells  must  have  been  deposited,  in  the  form  of  fine  mud,  in  an  estuary, 
possibly  a  larger  body  of  salt  water,  into  which  the  fresh-water  shells 
"Vrere  swept  by  streams  flowing  in  from  adjacent  land." 

This  species^  Physa  carletoni  Meek,  is  so  nearly  synonymous  with 
^hysa  carltonh  Lea  as  to  deserve  notice.    The  former  was  published 

Sloe,  eit.)  in  1873,  and.  the  latter  originally  in  Proc.  Acad.  Nat.  Sci. 
'hila.  p.  125,  1869,  and  subsequently  in  Lea's  "Observations  on  the 
denus  Unio,"  vol.  xtii,  p.  67,  pi.  21,  fig.  19.  The  difference  of  the  presence 
of  the  letter  "e"  in  the  former  case  is  held  to  be  sufficient  to  destroy  its 
Synonymy  with  the  latter ;  besides  which  the  two  species  are  clearly  dis- 
tinct, and  the  names  were  given  in  honor,  respectively,  of  two  different 
persons. 

Physa T 

Plate  7,  fig.  13  a. 

From  a  stratum  about  800  feet  below  that  from  which  the  foregoing 
Bpecies  of  Physa  was  collected  by  Mr.  Meek,  and  at  a  locality  about  two 
miles  distant,  I  discovered  the  example  represented  on  plate  7,  fig.  13  a. 
It  is  an  imperfect  cast  in  sandstone,  and  was  found  associated  with  forms 
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that  are  regarded  as  exclusively  marine.  It  appears  to  be  of  the  same 
general  type  as  Physa  carletoni  Meek,  just  described,  and  may  be  specific- 
ally identical,  but  it  is  too  imperfect  to  determine  that  point  satisfac- 
torily. Its  chief  value  lies  in  the  proof  it  affords  of  the  contemporaneous 
near  proximity  of  land,  with  its  fresh  waters  containing  a  molloscan 
fauna;  and  in  connection  with  other  facts  just  recorded,  it  shows  a  long 
continuation  of  the  existence  of  a  shore-line  there. 

The  locality  from  which  this  example  was  obtained  is  from  the  high' 
ridge  just  northeastward  from  Coalville,  Utah. 

Genus  NEBITEtfA  Lamarck. 
Nerittna  pisum  Meek. 

Plate  7,  figs.  11  a,  &,  and  o.  ' 
KeriHna  (Neritella)  pisum  Meek,  1873,  An.  Rep.  U.  S.  GeoL  Snrv.  Terr,  for  1878,  p.  500. 

The  following  is  Mr.  Meek's  original  description  of  this  species  (toe 
cit)j  which  is  copied  here,  since  no  additional  facts  have  been  obtained 
concerning  its  characteristics  and  affinities : 

"  Shell  globose ;  spire  much  depressed ;  volutions  about  three,  increas- 
ing in  size,  so  that  the  last  or  body  turn  (which  is  a  little  depressed 
above)  composes  nearly  the  entire  shell;  inner  lip  broad,  flattened,  and 
smooth;  aperture  small  and  semicircular:  surface  nearly  or  quite  smooth. 

"  Height,  0.22  inch  ;  breadth,  0.26  inch. 

"  Locality  and  position.— Coalville,  Utah.  Cretaceous ;  from  below  the 
lower  bed  of  coal." 

It  is  associated  with  Neritina  piriformis  Meek,  ST.  ( VetoteUa)  patelli- 
for  mis  Meek  (also  var.  weberensi*  White),  Turbonilla  (Chemniteia)  coal- 
villensis  Meek,  Turritella  coalvillensis  Meek,  and  Euspira  coalvillensis 
White.  The  strata  containing  these  species  appear  to  be  from  near  the 
top  of  the  Colorado  Group,  or  near  the  base  of  the  Fox  Hills  Group. 
This  question  cannot  be  decided  satisfactorily,  from  the  fact  that  the 
numerous  species  from  all  the  strata  of  that  interesting  locality  are 
mostly  unique,  and  the  litliological  characteristics  are  such  as  to  give 
little  aid  in  the  determination  of  the  boundaries  of  the  groups  there  rep- 
resented. 

Neeitina  incompta  (sp.  nov.). 

Plate  7,  figs,  6  a,  b,  and  o. 
Neritina  lannistcri  (Meek)  White,  1876,  PoweH's  Rep.  Geol.«Uinta  Mts.  p.  98. 

Shell  transversely  elongate  when  adult;  spire  depressed,  abruptly 
convex,  small,  but  rising  perceptibly  above  the  body- volution ;  volu- 
tions three  and  a  half  or  four,  increasing  rapidly  in  size,  the  last  one 
comprising  much  the  greater  part  of  the  snell;  regularly  convex  or  with 
a  faint  appearance  of  flattening  upon  the  distal  side  of  the  last  one; 
suture  moderately  distinct ;  aperture  rather  large,  its  outer  border  regu- 
larly rounded^  proximal  and  distal  margins  slightly  convex  and  subpar- 
allel;  outer  Up  thin-edged;  inner  lip  moderately  long,  plain,  slightly 
concave  upon  its  face,  not  very  broad,  sloping  inward.  Surface  marked 
by  ordinary  lines  of  growth. 

Length,  in  direction  of  the  axis,  12  millimeters ;  breadth  across  the 
aperture  and  body- volution,  17  millimeters. 

This  species  resembles  N.  bannisteri  Meek  from  the  brackish- water 
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layers  of  the  same  formation  at  Coalville,  Utah ;  but  it  differs  in  t 
greater,  although  slight,  elevation  of  the  apex,  the  nearly  straigl 
instead  of  curved,  bonier  of  the  inner  lip,  and  its  non-polished  surface 
Position  and  totality. — Cretaceous  strata,  Fox  Hills  Group :  valley  < 
Sulphur  Creek,  near  Milliard  Station,  Union  Pacific  Railroad,  Wyoming 

Nekitina  (Velatella)  patelliforxis  Meek. 

Plato  7,  figs.  7  a,  b,  c,  and  d. 

Xeritiua  (Dottiaf)  pateUiformU  Meek,  1873,  An.  Rep.  U.  S.  Gcol.  Surv.  Terr,  for  1872, 
p.  498. 

"  Shell  small,  thick,  oval  or  subelliptic ;  nucleus  nearly  posterior  and 
generally  more  or  less  elevated  above  the  interior  margin,  but  always 
lower  than  the  middle  portion  of  the  dorsal  region  in  front  of  it,  directed 
obliquely  backward,  and  in  well-preserved  si>ccimeiiK  minutely  subspiral 
at  the  immediate,  more  or  less  oblique  aj>cx ;  inner  lip  very  broad,  or 
having  the  form  of  a  thick,  smooth,  convex  septum  that  extends  forward 
more  than  half  the  length  of  the  shell ;  outer  lip  thickened,  obtuee  and 
smooth  within ;  open  part  of  the  aperture  small  and  transversely  semi- 
circular.   Surface  with  moderately  distinct  lines  of  growth. 

"  Length  of  one  of  the  largest  specimens  found,  0.02  inch ;  breadth, 
0.50  inch ;  height  or  convexity,  0.33  inch." 

This  species  belongs  to  an  interesting  group  of  Xcritoid  shells,  for 
which  Mr.  Meek  proposed  or  rather  suggested  the  name  Velatella  (loc. 
cit.  p.  499).  It  seems  to  be  a  well-defined  group,  as  indicated  by  the 
external  features  common  to  its  species ;  and  also  by  the  internal  char- 
acteristics as  described  by  me  in  Wheeler's  Expl.  and  Suit.  West  of  the 
100th  Merid.  vol.  iv,  pt.  1,  p.  189,  discovered  in  a  s]>ecies  then  supposed 
to  be  identical  with  JVr.  ( V.)  carditoides  Meek,  but  which,  from  later  com- 
parisons, seems  to  belong  to  the  following  variety  or  perhaps  to  a  dis- 
tinct species. 

At  present  there  are  four  or  five  species  of  this  group  known,  all  but 
one  of  which  occur  in  the  Fox  Hills  Group,  and  the  other  at  or  near 
The  summit  of  the  Laramie  Group.  The  secies  appear  to  have  been  in 
part  of  marine  and  part  of  brackish-water  habitat.  So  far  as  1  am 
aware,  no  other  secies  of  this  type  besides  those  here  mentioned  have 
«ver  been  discovered;  consequently  no  other  comparisons  need  lie  made. 

The  typical  forms  of  the  species  here  descril>ed  seem  to  be  quite  dis- 
tinct from  any  of  the  other  known  species  of  the  group,  but  by  the  fol- 
lowing associated  variety  it  appears  to  be  connected  with  X.  ( V.)  carditoides 
2tleek,  from  the  brackish-water  Cretaceous  layers,  some  800  feet  above 
the  position  of  these,  and  at  a  locality  some  two  miles  distant. 

"Locality  and  position. — Coalville,  Utah,  from  the  Cretaceous  beneath 
the  lower  heavy  Ded  of  coal  mined  at  that  place." 

JSeritina  (Velatella.)  patelliformis  var.  weberexsis. 

Plato  7,  flgfi.  8  a  and  b. 

Shell  small,  depressed,  almost  regularly  elliptical  in  outline,  nearly 
regularly  convex  above,  and  nearly  fiat  or  longitudinally  slightly  con- 
cave beneath ;  beak  very  small,  apparently  making  about  one  volution, 
turned  a  little  to  the  dextral  side  of  the  shell,  resting  ui>on  the  thick- 
ened i>osterior  margin,  but  not  projecting  l>eyond  it,  the  posterior  mar- 
gin being  slightly  rellexcd  so  as  to  obscure  the  incurved  apex ;  inner 
Up  broad,  smooth,  flat,  or  concave  longitudinally,  and  slightly  convex 
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laterally,  apparently  occupying  more  than  half  the  under  surface  of 
shell ;  outer  lip  moderately  thin,  smooth,  or  at  least  not  crenulate.  I 
face  marked  by  ordinary  lines  and  undulations  of  growth,  and  upon 
middle  portion  of  the  anterior  half  by  five  or  six  narrftw,  slightly  rai 
obscure,  radiating  ribs,  with  spaces  between  them  a  little  wider  t 
the  ribs.  In  some  cases  there  are  also  other  obscure  radiating  1 
upon  the  anterior  flanks  of  the  shell. 

Length,  11  millimeters ;  breadth,  8  millimeters ;  height,  5  millimel 
Some  examples  in  the  collection  are  larger,  but  none  of  them  quite  e< 
in  size  the  larger  examples  of  the  typical  forms  of  the  species. 

This  variety,  although  perhaps  connecting  the  typical  forms  wit! 
( V.)  carditoides  Meek,  differs  from  it  in  the  number  and  character  oi 
cost®,  the  proportions  of  the  shell,  and  its  smaller  size.  At  one  til 
thought,  as  did  also  Mr.  Meek,  that  this  variety  might  prove  U 
specifically  distinct  from  the  typical  forms  of  K.  (V.)  patelliformis, 
study  of  collections  since  made  at  the  typical  locality  shows  that  ii 
mediate  forms  exist,  associated  with  this  variety  and  the  typical  fc 
in  the  same  layer. 

44  Position  and  locality. — Cretaceous  strata,  equivalent  with  the  u] 
part  of  the  Colorado  Group  or  base  of  the  Fox  Hills  Group,  Coah 
Utah." 

Genus  EUSPIEA  Agassiz. 

EUSPIRA.  COALVILLENSIS  White. 
Plate  4,  figs.  2  a  and  b. 
Xunatxa  coalviUensis  White,  1876,  Powell's  Eep.  Geol.  Uinta  Mts.  p.  122. 

• 

Shell  subglobose ;  spire  small,  conical,  acute,  but  not  much  extent 
volutions  about  eight  when  the  apex  is  entire,  last  one  inflated,  and,  ^ 
adult,  extended  a  little  in  front,  and  also  posteriorly,  near  the  bordc 
the  aperture;  aperture  obliquely  ovate-semilunar,  somewhat  abru 
rounded  anteriorly ;  callus  of  the  inner  lip  apparently  not  much  tliicke: 
but  thicker  anteriorly  than  posteriorly  •  columella  rimate  or  almost  g 
and  nearly  covered  by  the  callus  of  the  inner  lip,  which  seems  not  t< 
so  closely  appressed  against  it  as  it  is  against  the  body-volution  far 
back.  Surface  marked  by  the  ordinary  lines  of  growth.  The  figure 
plate  4  are  restorations  of  this  sjiecics,  all  the  numerous  examples  iu 
collections  being  crushed,  except  one  or  two  sandstone  casts.  The 
am  pies  being  somewhat  numerous  aflbrd  a  view  of  all  the  features  sh 
by  the  figures. 

Length,  from  the  apex  to  the  anterior  end  of  the  aperture,  about  4 
timeters ;  breadth,  across  the  aperture  and  body- volution,  about  3J 
timeters. 

In  general  aspect  this  species  closely  resembles  E.  rotundata  Sow* 
sp.,  as  figured  and  described  by  Stoliczska  ( Palaeontologia  Indica, 
II,  p.  30.3,  pi.  xxi,  figs.  9  and  9  a),  but  it  differs  in  its  somewhat  ii 
acute  spire  and  more  elongate  aperture ;  and  in  some  of  our  exam 
there  is  an  extension  of  the  apex  of  the  spire  similar  to  that  showi 
Stoliczska  (he.  cit.  iigs.  7  and  8),  in  E.  pagoda  Forbes.  Perhaps 
generic  distinction  should  be  made  between  those  Cretaceous  tonus  w! 
are  usual] v  referred  to  Lvnatia  and  those  which  have  been  referre* 
Euspira;  but  for  the  present  1  prefer  to  retain  the  latter  name  for  tl 
forms  which  have  a  small  prominent  spire  and  less  compact  form  1 
those  shells  have  which  are  regarded  as  typical  of  Lunatia. 

Position  and  locality. — Cretaceous  strata,  upper  portion  of  the  C 
rado  Group,  or  base  of  the  Fox  Hills  Group;  Coalville,  Utah. 
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Genus  ANCHUEA  Conrad. 
Anchuba  haydkni  (sp.  nov.). 

Plate  7,  fig.  1  a. 

Shell  large ;  body,  exclusive  of  the  wing  and  including  the  beak,  sub- 
fosiform;  spire  elongate,  about  equal  in  length  to  the  body-volution  and 
the  beak  together;  volutions  ten  or  twelve,  moderately  convex;  those 
of  the  spire  marked  by  longitudinal  nodes,  which  df  .appear  before  reach- 
ing the  suture  at  either  side  of  the  volution,  but  they  approach  more 
nearly  to  that  of  the  proximal  side;  suture  linear  or  faintly  impressed; 
surface  of  the  volutions  of  the  spire  marked  by  from  live  to  seven  strong 
revolving  raised  lines,  which  are  of  about  equal  strength  upon  and 
between  the  longitudinal  nodes;  numerous  minute  revolving  raised  lines 
also  cover  the  surface  between  the  stronger  ones  just  mentioned,  and 
these  are  crossed  by  numerous  fine,  sharply  raised  lines  of  growth,  giv- 
ing the  well-preserved  surface  of  the  shell  a  finely  cancellated  appear- 
ance under  the  lens.  Upon  the  body-volution,  the  longitudinal  nodes 
gradually  disappear  and  are  replaced*  by  a  median  rowof  smaller  nodes, 
continuous  with  the  former,  and  also  with  the  strong  plain  carina  which 
extends  out  upon  the  wing  to  its  posterior  extremity,  and  lies  near  to  and 
nearly  parallel  with  the  posterior  border  of  the  wing.  The  stronger  re- 
volving lines  of  the  spire  become  still  stronger  with  the  increase  in  size  of 
the  volutionSj  but  they  disappear  ux>on  reaching  the  wing.  Four  or  five  of 
those  immediately  in  front  of  the  median  convexity  of  the  body- volutions 
are  especially  strong,  and  become  sharply  raised  ridges  with  channels  of 
about  equal  width  between  them ;  in  front  of  these  is  a  series  of  smaller, 
ones,  the  representatives  of  which  are  covered  by  the  successive  turns  of 
the  spiTe,  and  which  terminate  upon  and  at  the  base  of  the  beak.  Beak 
long,  slender,  straight,  pointed.  Wing  large4,  projecting  much  beyond 
the  aperture,  constricted  in  the  middle  of  its  transverse  i>ortion,  but 
expanding  again  beyond ;  the  posterior  part  much  extended  and  termi- 
nating in  a  long,  somewhat  strong,  pointed  process,  which  is  angular 
along  its  back;  the  anterior  portion  of  the  outer  part  of  the  wing  is 
prominent,  projecting  forward  and  abruptly  rounded;  posterior  border 
deeply  concave;  exterior  border  nearly  or  quite  straight;  anterior  border 
having  a  general  concavity,  but  a  sinuous  outline.  Outer  smtfaee  of  the 
wing  more  or  less  strongly  wrinkled  in  the  direction  of  the  lines  of 
growth.  The  direction  of  these  wrinkles  and  of  the  lines  of  growth  indi- 
cates that  before  the  wing  was  fully  formed  the  antero-exterior  portion 
of  the  wing  was  less  prominent  thaii  when  adult.  Inner  lip  apparently 
without  a  callus. 

Length,  from  the  point  of  the  beak  to  the  apex  of  the  spire,  upward 
of  10 centimeters ;  length  of  beak,  2A  centimeters;  breadth  of  body- vo- 
lution, including  the  wing,  G  J  centimeters ;  diameter  of  body-volution,  ex- 
clusive of  the  wing,  28  millimeters. 

The  characteristics  of  this  species  do  not  strictly  correspond  with  the 
requirements  of  either  the  typical  forms  of  Anchura  Conrad  or  the  sub- 
genus Drepanocheilwt  Meek.  From  the  former  it  differs  in  not  having  an 
anterior  as  well  as  a  posterior  pointed  process  to  the  wing,  unless  the 
blunt  projection  of  that  portion  of  the  wing  of  this  species  may  be  re- 
garded as  a  sufficient  generic  equivalent.  From  the  latter  it  differs  in 
having  the  long  beak,  which  is  characteristic  of  the  typical  forms  of 
Anchura.  This  is  much  the  largest  species  of  Anchura  known  to  me,  amL 
it  differs  too  widely  from  any  described  form  to  need  comparison.    The* 
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spire  of  nearly  all  the  examples  discovered  were  encrusted  with  t 
slightly  compacted  calcareous  layer,  which  at  first  suggested  the  idea 
that  it  might  be  the  remains  of  a  callus  such  as  covers  die  spire  in  Lis 
2>odcsthes  White  and  Calyptraphorus  Conrad,  but  in  this  case  it  is  probabl; 
a  Nullipora.  The  specific  name  is  given  in  honor  of  Dr.  F.  V.  Hayden 
the  director  of  the  Survey. 

Position  and  locality.— Strata  probably  equivalent  with  the  Fort  Piero 
Group,  Cretaceous  No.  4,  of  the  Upper  Missouri  section ;  15  miles  wes 
of  Greeley,  Colo.,  and  about  6  miles  south  of  Fort  Collins. 

Anchura  (Drepanocheilus)  ruida  White. 

Plate  7,  figs.  4  a  and  b. 
Anchura  ruida  White,  1876,  Powell's  Rep.  GeoL  Uinta  Mts.  p.  120. 

Shell  rather  small ;  spire  moderately  elongate;  volutions  about  seven 
convex ;  suture  impressed ;  wing  moderately  large,  contorted,  bearing  a 
its  extero-po8terior  corner  a  strong  falciform  process,  the  direction  o 
which  is  nearly  parallel  with  the  axis  of  the  shell :  the  outer  border  o 
this  process  is  slightly  convex  and  continuous  witn  the  outer  border  o 
the  body  of  the  wing ;  the  extero-anterior  border  of  the  wing  abruptly 
rounded,  from  which,  to  the  very  short  beak,  the  border  is  sinuous 
almost  sigmoid ;  posterior  border  of  the  wing  deeply  concave,  its  proxi 
nial  half  being  slightly  reflexed  outward,  as  if  for  the  passage  of  sof 
parts  corresponding  to  those  that  in  allied  genera  occupy  a  posterior 
canal,  as  the  curved  sinus  adjacent  to  the  columella  doubtless  gave  pas 
sage  to  soft  parts  corresponding  to  those  that  in  Anchura  proper  occu 
pied  the  anterior  canal  or  channel  of  the  beak ;  inner  lip  provided  witl 
a  distinct  and  moderately  broad  callus,  which,  in  some  cases  at  least 
extends  beyond  the  distal  end  of  the  aperture  across  the  next  volution 
as  seen  by  dorsal  aspect  of  the  shell ;  columella  very  slightly  producec 
in  front,  and  its  apex  Hexed  a  little  toward  the  dextral  side  of  the  shell 
Volutions  of  the  spire  marked  by  many  longitudinally  oblique  folds 
which  extend  to  the  suture  on  the  proximal  side  of  the  volutions,  bn 
not  much  beyond  the  middle  on  the  distal  side,  and  do  not  appear  at  al 
on  either  the  body- volution  or  wing.  The  whole  surface  marked  by  fim 
revolving  stria?,  which  are  more  distinct  upon  the  last  volution  thai 
elsewhere ;  last  volution  and  wing  also  marked  by  a  moderately  strong 
carina,  which  terminates  at  the  point  of  the  falciform  process. 

Length,  1(5  millimeters  5  breadth  across  the  body-volution,  including 
the  wing,  12  millimeters. 

This  species  agrees  well  with  the  subgeneric  diagnosis  of  Meek  foi 
Drepanocheilus,  and  in  many  respects  it  resembles  A.  ( J>.)  amcricam 
Evans  &  Shumard  sp.,  but  it  differs  from  that  shell  in  its  large  an 
terior  sinus,  the  deep  sinuosity  of  the  anterior  border  of  the  wing,  anc 
the  reflexion  of  a  portion  of  the  posterior  margin  of  the  wing. 

Position  and  locality. — Cretaceous  strata;  Upper  Kanab,  Southen 
Utah.    Collected  by  Prof.  J.  W.  Powell. 

Anchura  (Drepanocheilus)  mudgeana  (sp.  nov.). 

Plato  7,  figs.  3  a  and  b. 

Shell  of  medium  size  for  one  of  the  genus ;  spire  moderately  elongated 
volutions  about  eight,  convex;  suture  rather  deep;  body -volution  pro 
portionally  large;  wing  proper  rather  small,  recurved  club-shaped,  00 
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copying  only  about  one-third  of  the  full  length  of  the  outer  lip;  blunt 
or  abruptly  rounded  at  the  posterior  end  of  the  posterior  projection,  in- 
stead of  being  falciform,  as  is  usual  in  this  genus;  outer  lip,  exclusive  of 
the  wing  proper,  moderately  broad,  prominent,  sloping  from  the  posterior 
base  of  the  wing  to  the  last  suture,  with  a  gently  convex  border,  sloping 
with  a  very  gently  sinuous  border  from  the  anterior  base  of  the  wing  to 
the  pointed  front  of  the  shell;  inner  lip  having  a  moderately  broad,  dis- 
tinct callus,  extending  from  the  anterior  end  of  the  columella  to  or  nearly 
to  the  last  suture:  aperture  elongate,  narrow.  Volutions  of  the  spire 
marked  by  many  longitudinal  folds,  which  are  somewhat  more  oblique 
upon  the  smaller  volutions  than  upon  the  larger,  and  extend  almost  or 
quite  to  the  suture  upon  both  the  proximal  and  distal  side  of  the  volution. 
These  folds  are  continued  upon  the  body-volution,  but  are  not  extended 
upon  its  anterior  half,  and  give  place  to  smaller,  irregular  wrinkles  upon 
approaching  the  outer  lip.  These  wrinkles  are  smaller  at  the  base  of 
the  wing,  but  upon  the  outer  recurved  portion  they  become  conspicu- 
ously strong.  The  whole  surface  is  marked  by  line  revolving,  raised 
striae,  which,  with  the  lines  of  growth,  produce  a  more  or  less  distinctly 
cancellated  appearance.  No  true  angulation  or  carination  of  either  the 
volutions  or  the  wing  exists. 

Length  JGrom  the  pointed  front  to  the  apex  of  the  spire,  about  20  milli- 
meters; breadth  across  the  body-volution,  including  the  wing,  20  milli- 
meters ;  breadth  of  the  body- volution,  from  the  callus  of  the  inner  lip  to 
the  outer  surface,  9£  millimeters. 

Few  families  of  shells  present  greater  difficulties  in  the  way  of  a  rea- 
sonably precise  diagnosis  of  the  genera  wliich  compose  it  than  the  Apor- 
rhaidcv,  an  exemplification  of  which  fact  is  afforded  by  the  four  species 
embraced  in  this  paper.  Possibly  the  species  here  described  ought  to 
be  ranged  under  Arrhoges  Gabb,  as  a  subgenus  of  Aporrhais;  but  it 
has  no  posterior  canal,  and  the  only  feature  by  which  it  materially  dif- 
ers  from  Brepanocheilus  Meek  is  the  blunt  instead  of  pointed  posterior 
extension  of  the  wing,  and  the  absence  of  a  carina  or  any  angulation 
of  its  dorsal  surface.  This  peculiarity  of  the  wing,  indeed,  distinguishes 
it  from  any  published  species  of  the  section  of  the  family  to  which  it 
belongs. 

Position  and  locality. — Cretaceous  strata;  Denison,  Tex.,  where  it  was 
collected  by  Prof,  B.  F.  Mudge,  and  in  whose  honor  the  specilic  name  is 
given. 

Anchuea  (Deepanocheilus)  peolabiata  White. 

Plate  7,  fig.  2  a. 
Anchura  prolabiata  White,  1876,  Powell's  Rep.  Geol.  Uinta  Mts.  p.  121. 

Shell  rather  above  medium  size,  subfusiform;  spire  elongated  and 
tapering  to  a  point,  with  nearly  straight  sides ;  volutions  nine  or  ten, 
convex,  the  last  one  proportionally  a  little  more  eidarged  than  the  others, 
the  distal  margin  of  eaeh  narrowly  appressed  against  the  proximal  side 
of  the  next  preceding  one  at  the  suture ;  wing  large,  broad,  its  outer 
bonier  nearly  straight  or  slightly  convex,  its  anterior  extremity  abruptly 
rounded  to  the  broadly  concave  front  margin ;  posteriorly  the  wiug  is 
divided  into  two  somewhat  broad,  prominent,  blunt  processes  directed 
backward  and  a  little  outward,  the  inner  one  of  the  two  being  the  nar- 
rower, and  occupying  a  position  about  midway  between  the  spire  and 
the  extreme  outer  margin  of  the  wing ;  posterior  border  of  the  wing  con- 
cave between  the  spire  and  the  extremity  of  the  first  process,  and  less 
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concave  between  the  base  of  the  first  and  the  extremity  of  the  outer 
process.  Anterior  canal  and  beak  short;  no  posterior  canal;  inner  lip 
apparently  without  a  callus. 

Surface  of  the  volutions  of  the  spire  marked  by  numerous  vertical  or 
slightly  oblique  folds  or  ridges,  which  disappear  upon  the  body-volution, 
its  surface,  like  that  of  the  wing,  being  marked  with  comparatively  strong 
wrinkles  of  growth ;  the  folds  of  the  spire  are  crossed  by  numerous  fine 
revolving,  raised  lines,  which  are  hardly  visible  without  the  aid  of  a  lens, 
except  those  adjacent  to  the  sutures,  which  are  stronger :  these  revolving 
lines  are  perceptible  upon  the  body- volution,  but  are  absent  or  obsolete 
upon  the  wing.  No  carina  passes  out  from  the  body- volution  to  either 
of  the  processes  of  the  wing,  but  the  inner  process  is  the  more  convex 
of  the  two,  its  convexity  being  continuous  with  the  greater  convexity  of 
the  body -volution. 

Extreme  length  from  the  point  of  the  canal  to  the  apex  of  the  spire, 
nearly  4£  centimeters ;  breadth  across  the  wing  and  body- volution,  29 
millimeters ;  diameter  of  the  body- volution,  15  millimeters. 

The  difficulty  of  assigning  the  species  of  the  Aporrhaidw  found  in  our 
Western  Cretaceous  rocks  to  rigidly  defined  genera  has  already  l>een 
referred  to,  and  this  species  not  only  presents  no  exception  to  that  rule, 
but  it  possesses  some  unique  features,  notably  that  of  a  second  expansion 
of  the  outer  lip,  and  it  is  apparently  without  the  usual  sinuosity  of  the 
front  margin  near  the  columella.  With  these  exceptions,  it  would  con- 
form well  with  the  diagnosis  of  the  subgenus  DrepanocheUu*  Meek.  It 
is,  however,  apparently  without  the  callous  inner  lip  possessed  by  all  the 
species  of  that  subgenus  known  to  me.  Its  reference  as  above  is  of 
course  provisional 

Fonithn  and  locality. — Cretaceous  strata,  probably  of  the  age  of  the 
Colorado  Group;  Upper  Kanab  and  Sink  Spring,  Utah,  where  it  was 
collected  by  Prof.  J.  W.  Powell.  I  also  saw  examples  of  it  from  the  same 
localities  in  the  collection  of  Professor  liarfut,  Salt  Lake  City,  Utah. 

Genus  TUKRITELLA  Lamarck. 

TURRITELLA  MARNOCHI  (sp.  nOV.). 
Plato  7,  figs.  5  a  and  b. 

Shell  of  usual  size,  elongate  conical,  gradually  tapering,  with  slightly 
convex,  nearly  straight  sides,  apical  angle  from  20°  to  23°,  bnt  varying 
somewhat  in  different  specimens  and  in  different  portions  of  its  length, 
in  consequence  of  the  slight  convexity  of  the  sides  of  the  spire  5  volu- 
tions ten  or  twelve,  tiattencd-convex,  the  last  one  rounded  below ;  suture 
impressed,  at  the  bottom  of  a  moderately  distinct  channel  5  surface  of 
the  volutions  of  the  spire  marked  by  live  (sometimes  six)  moderately 
elevated,  revolving,  nodulose  carina?,  the  distal  one  being  a  little  larger 
than  the  others,  and  the  nodules  being  sometimes  so  arranged  as  to  form 
obliquely  longitudinal  rows  across  the  volutions.  These  nodules  appear, 
in  some  examples,  to  be  a  little  elongated,  the  longer  axes  of  those  upon 
the  carina;  that  occupy  the  distal  half  of  the  volution  being  directed 
obliquely  to  the  sinistral  side  of  the  shell,  and  the  others  to  the  dextral 
side;  the  surface  between  the  carinas  marked  by  from  three  to  five  fine, 
raised,  revolving  lines;  similar  ones  also  marking  the  carina*  between 
the  nodules.  Besides  the  cariura  just  described,  visible  upon  the  spire, 
there  are  several  others  of  similar  size,  but  a  little  more  sharply  raised, 
and  a  little  less  broken  into  nodules,  on  the  proximal  side  of  the  last 
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volution.  Fig.  5  a,  plate  7,  represents  the  natural  exterior  surface,  while 
while  flg.  5  b  represents  an  exfoliated  specimen. 

Some  of  the  examples  show  the  carinte  to  be  more  distinctly  raised 
than  they  are  in  either  of  those  that  are  figured,  and  less  distinctly 
broken  np  into  nodules. 

The  largest  example  in  the  collection,  when  entire,  must  have  had  a 
length  of  about  6  centimeters  and  a  diameter  of  last  volution,  19  milli- 
meters. 

This  species  resembles  T.  corsicana  Shumard,  also  from  Texan  Creta- 
ceous strata ;  but  it  differs  from  it  in  some  important  particulars,  among 
which  are  its  greater  number  of  revolving  carinas,  which  are  also  less 
prominent  and  nodulose ;  in  its  revolving  and  convex,  instead  of  flat- 
tened proximal  surface  of  the  last  volution.  It  more  nearly  resembles 
T.  winchelli  Shumard,  also  from  Texan  Cretaceous  strata,  but  differs  in 
having  a  greater  number  of  revolving  carinse  and  intervening  raised 
lines,  and  also  in  the  former  being  nodulose  instead  of  smooth.  The  last 
volution  of  this  species  has  at  least  eight  carinse,  instead  of  only  four,  as 
in  T.  winekeUi. 

Position  and  locality. — Cretaceous  strata ;  iu  the  vicinity  of  Helotes, 
Bexar  County,  Tex.,  where  it  was  collected  by  Mr.  G.  W.  Marnoch,  in 
whose  honor  the  specific  name  is  given. 

TUBBITELLA  COALVILLENSIS  Meek. 
Plate  9,  fig.  4  a. 

frrritett*  eoalHlleiuis  Meek,  1873,  An.  Rep.  U.  S.  Geol.  Snrv.  Terr,  for  1872,  p.  502. 
Tmrrittlla  coaUilUmti*  White,  1876,  Powell's  Rep.  Geol.  Uinta  Mts.  p.  9d. 

"Shell  attaining  a  large  size,  elongate-conical;  volutions  apparently 
ten  or  more,  distinctly  convex,  the  most  prominent  part  of  those  of  the 
spire  being  somewhat  below  the  middle,  where  they  are  angular;  surface 
below  the  angle  flattened,  or  a  little  concave,  and  sloping  rather  ab- 
ruptly inward  and  downward  to  the  suture,  while  above,  to  near  the 
upper  margin,  where  there  is  a  shallow  revolving  concavity  a  little  be- 
low the  suture,  it  is  convex ;  last  volution  probably  biangular  around 
the  middle ;  suture  well  defined ;  aperture  unknown.  Surface  orna- 
mented by  rather  obscure  revolving  ridges,  about  five  of  which  may  be 
counted  on  each  volution  of  the  spire,  one  being  at  the  lower  margin 
immediately  above  the  suture ;  another,  which  is  also  the  largest,  occu- 
pying the  most  prominent  angular  part  of  the  whorl;  and  above  this 
three  others  occur,  one  being  above  the  revolving  concavity  and  at  the 
immediate  upper  margin;  lines  of  growth  obscure  and  making  a  strong 
backward  curve  in  crossing  the  middle  of  the  volutions. 

"  I  have  not  seen  specimens  of  this  fine  species  sufficiently  well  pre- 
served to  be  able  to  give  accurate  measurements,  though  those  I  have 
had  an  opportunity  to  examine  indicate  a  length  of  not  less  than  two 
inches  and  a  fraction,  and  a  breadth  of  0.93  inch.  The  angle  of  its 
spire,  as  taken  from  near  the  middle  of  a  large  specimen,  imperfect  at 
both  extremities,  measures  about  23°,  while  smaller  individuals,  com- 
posed of  five  or  six  of  the  upper  volutions,  show  an  angle  of  nearly  30°. 
It  is,  therefore,  evidently  a  large  robust  species,  that  increases  rather 
rapidly  in  size  from  the  apex. 

"Locality  and  position* — Coalville,  Utah.  From  the  Cretaceous,  beneath 
the  lower  heavy  bed  of  coal." 

This  and  the  five  following  species  are  all  associated  together  in  the 
tune  layer  at  Coalville,  except  the  third,  which  is  from  layers  somewhat 
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higher,  and,  so  far  as  I  am  aware,  none  of  them,  except  perhaps  the 
Eulimella,  have  yet  been  discovered  elsewhere.  The  Btratigraphical  po- 
sition appears  to  be  either  at  the  top  of  the  Colorado  Group  or  near  the 
base  of  the  Fox  Hills  Group,  or  the  equivalent  of  Kos.  4  and  5  of  the 
Upper  Missouri  Cretaceous  section. 

TUBBITELLA  (ACLISt)  MICRONEMA  Meek. 

Plate  9,  fig.  8  a. 
Turriklla  (Aclis?)  mimmema  Meek,  1873,  An.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  504. 

"Shell  small,  terete  or  elongate-conical;  volutions  about  nine,  nearly 
flat,  sometimes  moderately  convex^  increasing  gradually  in  size,  last  one 
rounded  or  obscurely  subangular  in  the  middle ;  suture  linear  to  mode- 
rately distinct ;  aperture  rhombic-ovate,  angular  above.  Surface  orna- 
mented by  fine,  regular,  rather  crowded,  revolving  lines,  six  or  eight  of 
which  may  be  counted  on  each  volution  of  the  spire. 

"Length  of  the  largest  specimen  seen,  0.50  inch;  breadth,  0.18  inch; 
angle  of  spire,  about  19°,  with  slightly  convex  slopes.  [Specimens  since 
found  at  the  original  locality,  and  in  the  same  layers,  indicate  a  size 
nearly  twice  as  great  as  this.] 

"This  may  not  be  a  Turritella,  the  specimens  not  being  in  a  condition 
to  show  the  texture  of  the  shell  or  to  give  a  clear  idea  of  its  aperture 
and  lip.  It  would  be  a  rather  small  species  for  that  genus,  and  if  it  pos- 
sessed the  delicacy  of  surface  seen  in  those  genera,  it  might  perhaps  with 
more  propriety  be  referred  to  Aclis  or  Mene&tlio.  The  fractured  lip  in 
some  of  the  specimens  has  somewhat  the  appearance  of  a  slight  angu- 
larity or  very  small  notch  at  the  base  of  the  aperture,  but  this  may  be 
due  to  the  manner  in  which  it  is  broken ;  if  not,  it  would  seem  to  pre- 
sent affinities  with  the  genus  Mesalia.  It  will  be  readily  distinguished 
from  the  species  I  described  under  the  name  T.  qrironema  by  its  less  at- 
tenuated form  and  finer  and  less  distinct  revolving  lines.  It  is  also  not 
nearly  so  attenuated  toward  the  upper  part  of  the  spire  as  that  species. 

u  Locality  and  position. — Coalville,  Utah,  from  the  Cretaceous  below 
the  heavy  bed  of  coal  mined  at  that  place." 

Genus  EULIMELLA  Forbes. 

EuLiaiELLAt  funicula  Meek. 

Plate  9,  fig.  10  a. 

EuUmafumcuU  Meek,  1873,  An.  Rep.  U.  S.  Geol.  Sur.  Terr,  for  1872.  p.  506. 
tEulimella  funintla  White,  1876,  U.  S.  Expl.  and  Surv.  West  of  100th  Merid.  voL  iy, 
p.  197,  pL  xviii,  fig.  6. 

"  Shell  subterete  or  elongate-conical ;  spire  regularly  tapering  from 
the  middle  of  the  body- volution  to  the  apex,  or  with  very  slight  convex 
slopes ;  volutions  about  twelve,  flattened ;  last  turn  not  much  enlarged, 
subangulararound  the  middle ;  suture  merely  linear;  aperture  ovate  or 
rhombic-subovate ;  inner  lip  slightly  thickened  and  reflected.  Surface 
smooth. 

"  Length,  0.65  inch;  breadth,  0.20  inch;  divergence  of  slopes  of  spire, 
about  19°. 

u  This  shell  has  much  the  appearance  of  a  slender  Kisso,  but  it  cer- 
tainly wants  the  umbilicus  seen  in  that  genus,  its  axis  not  being  in  the 
slightest  degree  perforated.    It  is  even  more  like  some  recent  species  of 
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Eulimetta,  and  may  possibly  have  to  take  the  name  EulimeUa  funiculi, 
when  its  generic  characters  can  be  more  clearly  determined  from  the  ex- 
animation  of  good  specimens.  The  best  examples  I  have  seen  do  not 
show  the  extreme  apex  of  the  spire,  or  very  clearly  the  form  of  the  aper- 
ture. So  far  as  can  be  determined,  however,  its  columella  does  not  seem 
to  present  the  straightness  seen  in  Eulimella.  I  know  of  no  closely 
allied  Cretaceous  species. 
"Locality  and  position. — Cretaceous,  at  Coaville,  Utah." 
The  examples  described  and  illustrated  by  me  (loc.  cit.)  were  published 
before  I  had  seen  either  Mr.  Meek's  types  or  his  drawings,  having  had 
access  only  to  his  published  description.  Subsequent  comparison  raises 
a  doubt  as  to  their  specific  identity,  but  they  are  evidently  congeneric 
My  examples  were  more  robust  than  Mr.  Meek's,  with  a  wider  apical 
angle.  It  is  possible  that  neither  of  these  forms  should  be  referred  to 
Buliimdla,  bat  they  certainly  agree  more  nearly  with  the  characteristics 
of  that  genus  than  with  any  other,  so  far  as  they  are  yet  known. 

Genus  FUSUS  Lamarck. 

Fusus  (Neptunea  t )  gabbi  Meek. 

Flate  9,  fig.  9  a. 
Rma  {Ntphma  t )  ga&H  Meek,  1873,  An.  Rep.  U.  S.  Oeol.  Surv.  Terr,  for  1872,  p.  504. 

"Shell  rather  small,  fusiform;  spire  moderately  prominent,  conical; 

volutions  seven  or  eight,  convex;  last  one  somewhat  ventricose  in  the 

middle,  and  rather  suddenly  contracted  below  into  the  narrow,  slightly 

twisted,  more  or  less  bent,  and  apparently  moderately  produced  canal; 

suture  well  defined;  aperture  rhombic-subovate,  and  rather  suddenly 

narrowed  into  the  canal  below.    Surface  ornamented  with  equal,  distinct, 

regularly  disposed  varices  or  vertical  folds,  about  eight  of  which  may 

be  counted  on  the  penultimate  volution,  and  less  on  the  body-whorl, 

"where  some  of  them  become  obsolete;  crossing  these  are  also  seen  fine 

revolving  lines,  and,  a  little  below  the  suture,  apparently  a  shallow 

revolving  furrow,  that  gives  it  a  slightly  banded  appearance. 

"Len{^h,  including  canal,  about  0.87  inch;  breadth,  0.40  inch;  slopes 
«f  spire  straight,  and  diverging  at  an  angle  of  about  50°. 

"The  specimens  of  this  species  contained  in  the  collection  are  quite 
imperfect,  being  mainly  casts  retaining  more  or  less  of  the  shell.  From 
«uch  material  it  is,  of  course,  impossible  to  determine  with  much  confi- 
dence the  generic  affinities  of  shells.  I  have,  therefore,  provisionally 
referred  it  to  the  genus  Fusus,  putting  in  parenthesis  the  name  Neptunea 
"with  a  mark  of  doubt,  to  indicate  that  I  suspect  it  may  belong  to  that 
^rroup,  with  the  limits  assigned  it  by  some  conchologists.  It  seems, 
lowever,  quite  as  probably  to  belong  to  Tritonidea,  as  understood  by 
some. 

"Locality  and  position. — Coalville,  Utah ;  from  Cretaceous  beds  below 
the  lower  heavy  bed  of  coal  mined  at  that  place." 

Genus  ADMETOPSIS  Meek. 
Admetopsis  rhomboedes  Meek. 

Plate  9,  figs.  6  a  and  ft. 
AOmeUtrhew&oiim  Mkbk,  1873,  An.  Rep.  U. S.  GeoL Bar.  Terr. for  18T2,  p. 501. 

u  Shell  rather  small,  rhombic-subovaL  or  short-fusiform,  the  length 
Ining  slightly  tnore  than  twice  the  breadth  at  the  widest  part,  which  is 
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near  the  middle ;  spire  rather  depressed-conical,  subtuneted j  volutii 
five  or  six,  convex ;  last  one  forming  about  three-fourths  of  the  enl 
bulk  of  the  shell,  and  more  than  half  its  length,  widest  near  its  up] 
part,  and  abruptly  narrowed  below,  so  as  to  present  an  obliquely  obov 
form;  sutureratherdeep  from  theconvexity  of  the  volutions;  apertures 
row,  subangular  above,  and  narrowed  below  to  a  small  notch  at  the  b 
of  the  truncated  columella,  which  is  provided  with  two  small,  obsc 
plaits  or  folds,  the  lower  of  which  is  formed  by  the  twisted  margir 
the  truncated  inuer  lip,  while  the  other  is  placed  a  little  farther  up ;  ou 
lip  shari),  with  its  margin  slightly  retreating  above,  and  more  proinin 
below,  or  near  the  middle.  Surface  ornamented  with  distinct  verti 
folds  that  are  usually  well  developed  on  the  volutions  of  the  spire,  t 
around  the  upper  part  of  the  body-whorl,  but  become  obsolete  belc 
moderately  distinct  revolving  lines  also  mark  the  lower  part  of  the  bo 
volution,  but  these  appear  to  become  obsolete  on  its  upper  part,  and 
those  of  the  spira,  as  specimens  are  usually  found. 

"Length,  0.37  inch;  breadth,  0.21  inch;  angle  of  spire,  about  68°. 

"I  am  much  perplexed  in  regard  to  the  proper  disposition  to  make 
this  and  the  first  two  of  the  following  species.  In  some  of  their  char 
ters  they  would  seem  to  be  related  to  certain  types  of  the  Mitrincc,  si 
as  Yulpecula  Blainvillc  ( =  Vulpecula  Klein),  while  in  others  they  appeal 
have  affinities  to  the  Cancellariidce,  being  much  like  the  genus  Adm 
Without  being  at  all  satisfied,  however,  that  they  belong  properly  to 
latter  genus,  I  have  concluded  to  refer  them  to  it  provisionally  for 
present  until  better  specimens  can  be  obtained  for  study  and  compj 
son.  My  present  impression  is  that  they  will  prove  not  to  belong  to  s 
of  the  established  genera,  when  all  their  characters  can  be  clearly  mi 
out.  If  it  should  be  found  desirable^  however,  to  establish  a  new  grc 
for  their  reception,  I  would  propose  for  it  the  name  Admetopsis,  from 
resemblance  of  the  shell  to  the  typical  forms  of  the  genus  Admete. 

"Locality  and  position. — Coalville,  Utah ;  from  Cretaceous  beds 
neath  tho  lower  heavy  bed  of  coal  at  that  place." 

A  careful  comparison  of  these  fossil  forms,  together  with  so 
obtained  by  one  of  Lieutenant  Wheeler's  surveying  parties  from  i 
north  fork  of  Virgin  River,  Utah,  and  others  obtained  from  near  Ce< 
City,  Utah,  with  typical  living  forms  of  Admete,  satisfied  me  that  tl 
are  worthy  of  at  least  subgeneric  separation  from  the  last-named  gen 
Accordingly,  I  so  referred  a  form  in  my  report  to  Lieutenant  Wheel 
which  I  then  regarded  as  identical  with  Admete  f  gregaria  Meek,  but  wh 
is  perhaps  specifically  distinct  (U.  S.  Expl.  and  Sur.  West  of  100th  Mei 
vol.  iv,  p.  198,  pi.  xviii,  figs.  5  a  and  b).  I  am  now  much  inclined 
regard  these  forms  as  generically  disitnct  from  Admete,  and  so  ra 
them  in  this  paper. 

The  figures  of  this  species  on  plate  9  were  drawn  by  Mr.  Meek,  a 
he  had  written  the  name  "Admetopsk  rhomboid**"  under  the  figures. 

Admetopsis  subfusifoemis  Meek. 

Plato  9,  fig.  7  a. 
Admete  t  siibfumformis  Meek  1873,  An.  Bep.  U.  S.  Geol.  Surv.  Terr,  for  1872,  p.  502 

"  Shell  subfusiforni,  with  the  length  nearly  three  times  the  breadt 
spire  elongated,  conical,  turreted;  volutions  seven  or  eight,  convc 
last  turn  more  than  half  the  entire  length ;  suture  well  defined  in  con* 
quence  of  the  convexity  of  the  whorls ;  aperture  narrow,  equaling  abo 
two-fifths  the  entire  length  of  the  shell,  angular  behind  and  narrowii 
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below  to  a  small,  sharply  defined  notch  at  the  base  of  the  truncated 
columella,  which  seems  to  bear  two  small  folds  near  its  lower  part,  one 
being  formed  by  the  twisted  and  truncated  lower  margin ;  inner  lip  a 
little  thickened ;  surface  ornamented  by  distinct,  regular,  vertical  folds 
that  are  nearly  or  quite  obsolete  on  the  body- volution  below  its  upper 
part,  and  regular  revolving  lines  quite  well  defined  on  the  body-turn, 
especially  its  lower  part,  and  appear  to  be  obsolete  on  those  of  the  spire ; 
lines  of  growth  moderately  distinct. 

"  Length,  0.50  inch ;  breadth,  0.20  inch ;  angle  of  spire  about  30°. 

"This  species  differs  even  more  strongly  from  the  last  [A.  gregaria] 
than  that  form  does  from  the  species  rliomhoides,  having  a  much  more 
elevated  spire  and  a  proportionally  smaller  body- volution  and  aperture. 
In  ornamentation,  however,  the  three  forms  are  much  alike.  The  spe- 
cies here  under  consideration  shows  a  somewhat  more  thickened  inner 
Up  than  I  have  yet  seen  in  either  of  the  others. 

"  For  the  reasons  already  explained,  this  and  the  last  may  have  to 
take  the  name  Turricula  gregaria,  T.  subfusifonnis,  if  all  three  do  not, 
ss  suggested  back,  require  to  be  grouped  together  as  a  new  section, 
under  the  names  Admetopsis  rhomboides,  A.  gregaria,  and  A.  subfusiformis. 

u  Locality  and  position. — Same  as  last." 

The  figure  illustrating  this  species  on  plate  9  was  drawn  by  Mr.  Meek, 
and  he  had  written  the  name  Admetopsis  subfusiformis  under  the  figures. 
All  three  of  these  forms  are  associated  together  in  the  same  layers,  and 
after  examining  many  examples  I  am  much  inclined  to  think  that  they 
represent  not  more  than  two  species  at  most.  As  to  their  generic  rela- 
tions, see  remarks  following  the  description  of  the  last  species.  Figure 
5  a,  plate  3,  represents  a  specimen  from  near  Cedar  City,  Utah,  which 
Mr.  Meek  had  identified  as  belonging  to  his  A.  gregaria.  I  have  not 
been  able  to  find  his  type  of  that  species  among  the  collections,  but 
judging  from  his  description  and  collections  which  I  have  made  from 
the  typical  locality  at  Coalville,  Utah,  I  am  not  disposed  to  regard  A. 
angaria  as  distinct  from  A.  rhomboidea.  I  therefore  use  the  name  for 
both  these  forms  that  comes  first  in  the  order  of  his  descriptions. 
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PLATE  1. 


Fig.  1.  Exogyra  valkeri 278 

a.  Exterior  of  lower  valve ;  diameter  reduced 

b.  Interior  of  tbe  same. 


PLATE  3. 


FlG.  1.   IKOUEIEAMUS   OI1L0NGUS.. 


;  diameter  reduced  oiio-qnwlcr. 


Fig.  2.  Ostrea  (Alectryonia)  saksionts  . 


a.  Upper  valve ;  o 

6.  Lower  valve;  interior  v 

c.  Lower  valve ;  e 

d.  Upper  vulve  ;  ii 


All  natural  eixe. 


PLATE  8. 


Fia.  1.  Inocebamus  gelbeeti 285 

a.  Bight  valve;  test  removed. 

6.  Front  view  of  the  same. 

c  Left  valve  of  another  shell.    All  natural  size. 

Fia.  2.  Oybena  seoubis 289 

a.  Bight  valve. 

6.  Dorsal  view  of  shell. 

c  Front  view  of  the  same.    Natural  size. 

Fia.  3.  Ptebia  pabkensis 279 

a.  Side  view  of  internal  cast  of  right  valve.    Natural  size. 

FIG.  4.  COBBULA  NEMATOP^OBA 290 

a.  Mr.  Meek's  type,  right  valve,  natural  size. 

b.  Bight  valve  of  an  example  identified  by  Mr.  Meek,  from  Coal- 

ville, Utah.    Natural  size, 
c  Interior  view  of  the  same,  showing  the  hinge. 
d.  Front  view  of  the  same. 

Fia.  5.  Admetopsis  gbegabia 318 

a.  Apertural  view  of  a  specimen  from  near  Cedar  City,  Utah; 
Identified  by  Mr.  Meek ;  enlarged  one  and  a  half  diameters. 


Fig.  1.  Inoceraitus  howelli  . 


a.  View  of  right  side;  test  removed. 

6.  Front  view  of  the  same. 

o.  Left  valve  of  another  example.    All  natural  die. 


Pig.  2.  Euspiea  coalvtllensis  . 


Fig.  3.  Osteea  (Alecteyonia)  bellaflicata 276 

a.  View  of  the  convex  valve. 

b.  Side  view  of  the  «amo  example.     Xatural  size. 
See,  alio,  Plate  8,  figs.  2  a  and  6. 

Fig.  4.  Pautjbus  pentangulattjs .' 303 

a.  Side  view  of  hroken  example;  showing  also  the  matrix  of  the 

missing  portion. 

b,  Transv,rr-i'  socli-ju  nl'the.  same.     Enlarged. 


PLATE   5. 


Fig.  L  Parapholas  sphenoedeus — _ 

a.  Lateral  view ;  right  Ride. 

b.  Dorsal  view, 
c  Ventral  view. 
(L  Front  view.    All  of  the  same  example,  and  all  enlarged  two 

diameters. 

FlCk  2.  TANCREDIAt    CCELIOffOTUS 

a.  Right-side  view ;  natural  size. 

b.  Dorsal  view  of  the  same  example. 

c.  Front  view  of  the  same. 

d.  Right-side  view  of  the  cast  of  another  example ;  showing  paUfll 

sinus  and  posterior  aMuctor  scar. 

Fig.  3.  Grassatella  odiarroxensis ter 

a.  Left-side  view ;  natural  size. 

b.  Dorsal  view  of  the  same. 

c.  Front  view  of  the  same. 

Fig.  4.  Oardium  trite 292 

a.  Natural  cast  of  right  valve :  natural  size. 

5.  Gutta-percha  cast  of  a  portion  of  a  natural  mould  of  the  exte- 
rior surface ;  enlarged  three  diameters ;  showing  spines  on  every 
third  rib. 

FlCK  5.  PACHTMYA  t    HERSEYI 298 

a.  Left -side  view ;  natural  size. 

b.  Dorsal  view  of  the  same  example. 

Fig.  6.  Ostrea  quadriplicata i: '  ; 

a.  Lower  valve,  natural  size ;  the  marginal  processes  in  this  exam- 
ple an?  somewhat  lougcr  than  usual. 
<fttoe,  aho.  Plate  3,  tigs.  3  a  and  />. 

Fig.  7.  Pachymya  austinensis 29S 

a.  Side  view  of  a  young  example  from  Salado,  Tex ;  natural 

b.  Front  view  of  the  same. 

See,  aleo,  Plate  8,  figs.  1  a  and  b. 
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PLATE    6. 


Fig.  l.  Glyctmebis  bebthoudi 

a.  Left-side  riew ;  natural  size. 

b.  Dorsal  Tiew  of  the  same  example. 

Fig.  2.  Babbatia  coalvtllexsis 

a.  Exterior  view ;  left  valve;  natural  size. 

h.  Interior  vio\v,  nliov.m>;  Linye,  the  middle  portion  of  which  ia 
imperfect.     Both  are  partial  restorations. 

Fig.  3.  Plicattjla  hydbotheca 

a,  Nntiirn]  east  in  s:imK(f>ue  of  the  deeper  valve ;  natural  aize. 

b.  External  view  of  the  upper  or  flat  valve. 

Fig.  4.  Mactra?  holsiesii 

a.  Right  valve ;  natural  size. 
6.  Left  valve. 

;  lypo-specimen. 


FlO.  5,  a  ami  b ;  represent  probably  the  same  species ;  from  new 
Cailou  City,  Colo. 

Fig.  6.  Cabyopuyllia  johannis 

a.  Side  view  ;  enlarged  two  diameters, 
o.  Calyeular  view  of  the  same. 

Fig.  7.  Cabyopuyllia!  egeria 

a.  Side  view ;  enlarged  two  diameters. 

b.  Vertical  view  of  another  example,  broken  across  just  below 

the  calyx. 


PLATE  7. 


Fig.  1.  Anchtjra  haydeki 311 

«.  Lateral  view ;  the  posterior  process  of  the  wing  and  the  beak 
restored  from  casts  left  in  the  matrix ;  natoralaiia. 

Fig.  2.  Anchur a  (Drepaxocheiltjs)  prolabiata 312 

a.  Lateral  view ;  natural  size. 

Fig.  3.  Anchuka  (Drepanocheilus)  mudgeana ^-812 

a.  Lateral  view,  showing  exterior  surface  of  wing, 
o.  Apertnral  view  of  another  example.    Natural  alia. 

Fig.  4.  Anchtjra  (Drepaxocheiltjs)  ruida 312 

a.  Apertural  view ;  natural  size. 

b.  Opposite  view  of  the  same. 

FlG.  5.  TURRITELLA  MABXOCHI 814 

a.  Lateral  view,  showing  natural  surface ;  natural  size. 

b.  Another  example ;  a  natural  cast ;  the  teat  removed. 

Fig.  6.  Nerittna  incompta 3K 

a.  Lateral  view ;  natural  size.  * 

b.  Apertural  view  of  the  same  example. 

c.  Apical  view  of  the  same. 

Fig.  7.  Nerittna  (Velatella)  patellifobmis 309 

a.  Dorsal  view :  natural  size. 

h.  View  of  the  under  side  of  the  same. 

o.  Lateral  view  of  the  same. 

d.  Posterior  view  of  the  same. 

Fig.  8.  N.  (V.)  patelliformis  var.  webebensis  *• 309 

a.  Dorsal  view :  natural  size. 

b.  Lateral  view  of  the  same. 

Fig.  9.  Action  woosteri 304 

a.  Lateral  view  of  natural  cast ;  natural  size. 

b.  Apertural  view  of  the  same. 

c.  Gutta-percha  cast  of  a  natural  mould  of  the  exterior  surface, 

showing  stria*.    Enlarged. 

Fig.  10.  ACT^ONOA  PROSOCHEILA 306 

a.  Lateral  view ;  natural  size. 

b.  Apertural  view  of  the  same. 

Fig.  11.  Neritina  pisum 308 

a.  Apical  view ;  natural  size. 

b.  Lateral  view  of  the  same. 

c.  Under  view  of  the  same. 

Fig.  12.  Physa  carletoni 30& 

a.  Lateral  view :  natural  size. 

Fig.  13.  Physa ? 30^ 

a.  Lateral  view  of  u  sandstone  cast ;  natural  size. 

Fig.  14.  Placunopsis  hilliardensis 2T^ 

a.  Exterior  view  of  the  upper  valve ;  natural  size. 
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PLATE  8. 


Fig.  l.  PAcnvMVA  austinensis 

;,  Left  vftlvo,  reduced  to  two-liiircUof  ilio  natural  diameter,  from 


Dr.  Siitiuinrrl's  tlgi 


iv :   reduced  one-half  of  the  natural 
i  i'mni  Snlado,  Tex. 


Fig.  -J.  Osteea  (  Alecteyonia)  bellaplicata 276 

a.  Extcrinr  view  i.if  njipor  viilvo:  natural  size. 
h.   Interior  view  of  the  same.     From  photograph  copiee  of  Dr. 
Shoinard's  original  figures. 
See,  also,  1'lati:  A,  figs.  3  a  and  6. 

Fig.  3.  Osteea  qvadriplicata 

a.  Lower  valve;  natural  size. 

6.  Upper  valve,     llolh  from  photograph  copies  of  Dr.  Shnmsrd't 
original  drawings. 

See,  also,  Piate  5,  fig.  6  a. 
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Fig.  1.  Anisomyon  centrale 

a.  Lateral  view  ;  natural  size. 

b.  Apical  view  of  tlio  same. 

o.  Lateral  view  of  another  exai 
d.  Apical  view  of  the  same. 

Tig.  2.  Cajjdium 1 


PLATE  9. 


a.  Natural  Mat  of  left  valve ;  natural  size 

b.  Lateral  view  of  the  same. 

c.  Cast  shewing  fitt-rior  sm-faco,  with  character  of  coatie. 

FlG.3.  CAEDITJM  PAUPERCtTLtrM 291 

a.  Caat  of  right  valve;  natural  size. 

FlG.  i.  TOBBITELLA  COALVILLENSIS 315 

a.  Imperfect  example;  natural  size. 

Fig.  5.  Turbokilla  (Chemmitzla)  coalvillensis 305 

a.  Lateral  view ;  natural  sine. 
6.  Aperlnral  view  of  the  same. 

Fig.  C.  Admetopsis  kiiomboides 317 

a.  Aperhiial  view;   natural  si»V 

b.  Opposite  view  of  the  same. 

Fig  7.  Admetopsis  subftjsiformis 818 

a.  Apertnral  view ;  natural  size. 

FlG.  8.  TURRITELLA  (ACLIS  t)  WIOEONEMA 310 

a.  Lateral  viow  ;  enlarged  two  diameters. 

Fig.  9.  Fusus  (NEPTUTJEAt)  gabbi 317 

a.  Lateral  view ;  natural  size. 

Fig.  10.  EULIMELLA  FUMCULA 310 

a.  Apertur.il  view  ;  natural  size. 

Fig.  11.  Mactra  caSomensis 297 

a.  Exterior  view,  right  valve;  natural  size. 

b.  Leftside  view;  test  partly  exfoliated,  Bh  owing  pallia!  lines  and 

muscular  impressions. 
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PLATE  10. 


Fra.  1.  Pteeia(OxytomaI)  gastbodes  280 

a.  View  of  sci ii i Intone  cast  of  left  valve;  natural  sUo. 

Fia.  2.  Ptkkia  (Pseudoptkiea)  propleuka 2S1 

a.  Left  valve  of  young  example;  front  margin  nut  quite-  |>etfect. 

(j.  Left  valve  of  a  simu\>)ial  lai-gcr  example. 

a.  Loft  valve  of  udiilt  example;  drawn  from  a  gutta-percha  cost 

of  the  Bambt'ui'.'  uimild  uf  Mi.  Meck'a  '  ype- specimen  of  his 

Aviculu  (fWn<fa]>l<r,t)  rh ytopbora. 

Fia.  3.  Baroda  wyomxngeissis 203 

,  a.  Left  valve;  natural  size, 

h.   Dorsal  view  nf  (be  same  example. 

Fig.  4.  Baroda  subelliptica _ .... 294 

a.  Lateral  view;  left  valve;  nat oral  size. 

b.  Dorsal  view  of  tlio  saute,  showing  dorsal  aspect  of  the  teeth, 
c  Right  sido  view  of  a  smaller  example. 

d.  Dorsal  view  of  tho  same. 

Fia.  5.  Trapezium  micronema 293 

a.  Left  sido  viow;  natural  size. 

Fig.  0.  Trapezium  truncatum 203 

a.  Left  eide  viow ;  natural  size. 

b.  Dorsal  view  of  the  same  specimen. 


Fig.  7.  Otreka  inflexa  . 


.  Lateral  view;  ri^jht  valvo;  natural  size. 

.  Natural  cast  of  right  valve,  showing  muscular  impressions  and 
pallial  line  uu«l  sinus. 
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REPORT  OF*  ORESTES  ST.  JOHN,  GEOLOGIST  OF  THE  TflTOJI 

DIVISION. 


LETTER  OP  TRANSMITTAL. 

Office  United  States  Geological  and 
Geographical  Survey  of  the  Territories, 

Washington,  D.  C,  June,  1878. 

Sir  :  I  have  the  honor  herewith  to  submit  my  report  on  the  geology 
of  the  country  visited  by  the  northern  or  T6ton  division  of  the  United 
States  Geological  and  Geographical  Survey  of  the  Territories  during 
the  field-season  of  1877. 

The  party,  on  the  completion  of  its  organization  at  Cheyenne,  pro- 
ceeded by  rail  to  Ogden,  Utah,  whence  a  march  of  160  miles  to  the 
northward  brought  us  to  the  southwest  corner  of  the  district  assigned 
for  the  season's  operations.  The  route  from  Ogden  followed  the  main 
wagon-road  to  Montana,  skirting  the  western  base  of  the  Wsaatch 
Range  to  Malade  City,  thence  crossing  over  into  Marsh  Valley  and 
down  the  Portneuf  to  where  it  opens  out  into  the  Snake  River  Basin  in 
the  vicinity  of  Ross  Fork  Agency,  where  active  work  was  begun  in  the 
Mount  Putnam  Group  on  the  12th  June. 

This  part  of  the  journey  passed  through  a  section  which  has  already 
been  examined  and  reported  upon  by  yourself  and  other  members  of 
the  survey ;  besides  it  lies  in  the  district  to  which  Dr.  Peale  was  as- 
signed as  geologist  during  the  past  season,  to  whose  report  such  desul- 
tory observations  as  I  was  able  to  make  in  the  course  of  a  rapid  march 
will  add  nothing. 

The  region  occupied  by  this  division  embraces  much  of  the  ground 
explored  by  the  Snake  River  Expedition  under  the  direction  of  Mr. 
James  Stevenson  in  1872,  to  wliich  Prof.  Frank  II.  Bradley  was  attached 
as  geologist,  and  to  whose  elaborate  report  on  the  geology  of  the  region 
traversed  by  that  expedition,  within  the  limits  of  the  present  district, 
my  own  observations  are  merely  supplementary.  In  many  instances 
Professor  Bradley  has  reported  on  localities  wliich,  for  lack  of  time,  it 
would  have  been  inconvenient  to  revisit,  and  in  such  instances,  as  also 
where  our  routes  were  the  same,  on  which  he  has  fully  reported,  I  have, 
for  the  sake  of  brevity,  subordina  ted  the  results  of  my  own  examina- 
tions to  hisf  only  noting  such  facts  as  may  add  to  the  completeness  of 
previous  examinations,  with  such  reference  to  these  latter  as  is  neces- 
sary for  the  unity  of  tne  present  report. 

The  district  is  so  situated  that  its  various  sections  are  somewhat 
isolated,  in  some  cases  necessitating  long  detours  in  order  to  pass  from 
one  section  to  another,  in  which  much  valuable  time  was  consumed, 
though  not  always  witliout  some  compensating  profit  to  the  observer. 
Partly  from  this  fact,  I  have  been  led  to  divide  the  district  into  several 
sub-districts  or  sections,  which,  indeed,  possess  some  natural  value  on 
account  of  their  topographic  features  and  hydrographic  boundaries,  and 
which  are  separately  treated  of  in  the  subjoined  report. 
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Such  sections  and  other  illustrations  have  been  executed  to  accompany 
the  report  as  are  deemed  of  use  in  the  clearer  exposition  of  the  facts  in 
relation  to  the  geology  therein  cited.  And  in  such  cases  where  I  have 
had  occasion  to  incorporate  with  my  own  the  observations  of  others,  in 
order  to  give  to  these  accumulated  results  an  approach  to  a  connected 
completeness,  due  credit  has  in  all  'instances  been  given  in  the  proper 
place. 

To  the  gentlemen  of  the  survey,  and  especially  to  my  colleagues  of 
the  geological  corps,  I  am  under  obligations  for  many  courtesies  and 
•cordial  co-operation  in  the  work  of  the  office.  In  this  connection  I  wish 
to  express  my  appreciation  of  the  many  personal  acts  of  kindness  which 
I  shared  with  members  of  our  little  party  in  the  field. 

I  am,  sir,  very  respectfully,  your  obedient  servant. 

ORESTES  ST.  JOHN. 

Dr.  F.  V.  Hayden, 

United  States  Geologist  in  Charge. 


REPORT  OF  THE  GEOLOGICAL  FIELD-WORK  OF  THE  TETON 

DIVISION. 


By  Orestes  St.  John. 


CHAPTER  I. 

AREA  AND  BOUNDARIES. 

The  district  of  the  T6ton  or  northern  division  of  the  United  States 
Geological  and  Geographical  Survey  is  bounded  as  follows :  Commencing 
at  the  southwestern  corner  on  the  eastern  margin  of  the  Snake  Plains,  in 
the  vicinity  of  Mount  Putnam,  on  the  parallel  43°  north  latitude,  the 
western  boundary  of  the  district  follows  the  meridian  112°  15'  west  lon- 
gitude north  to  the  intersection  of  the  parallel  44°  15' ;  thence  the  north- 
ern boundary  extends  east  to  the  meridian  109° ;  thence  south  to  the 
parallel  43°,  which  latter  forms  the  southern  boundary  of  the  district. 
Of  this  area,  which  forms  a  rectangle  of  one  and  a  quarter  degrees  of 
latitude  and  two  and  three-fourths  degrees  of  longitude,  about  6,000 
square  miles  were  actually  worked  topographically  from  stations  com- 
manding extensive  stretches  of  plateau  and  plain.  A  broken  region  in 
the  southeastern  quarter  shading  off  into  the  upper  portion  of  Green 
River  Basin  along  its  southern  border,  and  embracing  a  part  of  the  Gros 
Ventre  Mountains,  and  a  considerable  portion  of  the  Snake  River  Range 
in  the  region  of  the  Grand  Canon,  with  a  strip  on  the  eastern  border 
including  the  northern  half  of  the  Wind  River  Range,  was,  for  lack  of 
time  and  interruption,  left  unworked. 

One  of  the  earliest  accounts  of  the  region  embraced  within  the  above- 
mentioned  limits  is  found  in  the  published  journal  of  the  missionary 
Rev.  Samuel  Parker,*  who,  in  the  summer  of  1835,  performed  an  ardu- 
ous journey  across  the  continent  to  the  Columbia.  The  missionary,  as 
nearly  as  can  be  made  out,  probably  entered  the  country  comprised  in 
the  present  account  either  through  Hoback's  Cailon  or  some  pass  to  the 
northeast  in  the  Gros  Ventre  Range,  passing  into  Jackson's  Hole,  and 
thence  crossing  the  T£ton  Pass  at  the  southern  end  of  the  range  of  the 
same  name,  into  Pierre's  Basin.  This  route  probably  closely  corresponds 
to  that  pursued  by  the  early  fur-traders,  of  which  Irving  has  preserved 
accounts  in  his  "Astoria  n  of  the  passage  of  Mr.  Wilson  G.  Hunt,  in  1811, 
and  of  Robert  Stewart  the  following  year,  on  their  return  across  the 
mountains  from  the  Columbia.  Mr.  Parkers  geological  notes  are  in  the 
main  easily  identified  in  the  localities  in  this  region. 

The  War  Department  expedition,  under  command  of  Capt.  W.  F.  Ray- 
nolds,  visited  this  country  in  the  summer  of  1860,  and  to  the  report  of 
Dr.  F.  V.  Hayden,  published  in  1869,  who  was  commissioned  geologist 
of  the  expedition,  we  owe  the  first  authentic  account  of  the  geological 
structure  of  a  large  extent  of  country  surrounding  the  sources  of  the 
Missouri  and  the  Columbia  Rivers.  This  expedition  passed  up  the  Wind 
River  Valley,  crossing  the  range  of  the  same  name  over  Union  or  Warm 
Water  Pass,  and  thence  descended  the  Gros  Ventre  to  Jackson's  Ilole. 

'Journal  of  an  exploring  tour  beyond  the  Rocky  Mountains,  4tli  <*&.,  ItYioMk.'&.X.* 
1844. 
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From  the  latter  point  the  expedition  crossed  the  T6ton  Pass,  folio 

the  western  base  of  the  T6ton  Eange  into  the  country  north  of  thii 

trict.    Notwithstanding  the  haste  with  which  the  expedition  prose* 

its  march,  the  salient  geological  features  were  seized  upon,  and  ** 

ever  later  exploration  has  touched  Captain  Raynolds's  trail,  the  wor 

been  rather  an  amplification  according  to  the  better  opportunity  for 

extended  examinations.    The  expeditions  of  this  survey  have  ate 

plored  considerable  portions  of  the  district  5  that  of  1871  passing  i 

the  western  border,  and  the  Snake  River  expedition  in  the  seas 

1872  traversed  still  more  extensive  portions  in  the  central  part  o: 

district  in  the  region  of  the  TiSton  Range.    It  is  to  the  latter  expec 

to  which  Prof.  Frank  H.  Bradley  was  attached  as  geologist,  that  w< 

much  concise  information  relating  to  the  geological  history  of  a 

area  of  territory  on  the  headwaters  of  the  Snake  or  Lewis  River,  1 

teresting  account  of  which  is  embodied  in  the  Report  of  the  United  S 

Geological  Survey,  1872.    In  the  following  season  Capt.  W.  A.  Jon 

the  Engineer  Corps  U.  S.  A.,  in  command  of  an  expedition  to  whic 

attached  Prof.  Theodore  B.  Comstock,  traversed  the  extreme  nort 

corner  of  the  district.    Professor  Coinstock's  report  is  accompanied 

map  on  which  is  indicated  the  occurrence  and  distribution  of  the  ge 

cal  formations  over  the  eastern  section  of  the  district  lying  betwee 

Upper  Snake  and  Wind  Rivers.    Other  expeditions  have  visited  tl 

gion  for  geographical  and  other  purposes  at  dates  remote  and  late. 

With  the  exception  of  the  southwestern  section,  we  had  already 

information  in  regard  to  the  geological  ami  geographical  eharaci 

the  district ;  mainly,  indeed  almost  wholly,  derived  from  the  explore 

conducted  under  the  auspices  of  this  survey.    Yet  the  facilities  f< 

servation  during  the  past  season  have  enabled  the  accumulating  of ; 

siderable  mass  of  details  in  further  exposition  of  the  regions  al 

partially  studied,  while  in  the  southwest  a  tract  of  virgin  groum 

explored  by  this  division  of  the  survey  during  the  past  season. 

GENERAL  SURFACE  FEATURES. 

Drainage. — The  district  lies  almost  wholly  within  the  system  ( 
Snake  River  drainage,  the  sources  of  Wind  River  rising  in  the  contii 
water-shed  near  the  northeastern  corner.  The  main  Snake  River 
erses  the  district  in  an  irregular  Z-shai>ed  course,  rising  in  the  vo 
area  in  the  northern  portion,  making  its  exit  near  the  southwester 
ner  of  the  district.  It  thus  makes  two  great  bends  within  this  ten 
the  first  in  its  passage  across  the  Snake  River  Range  south  of  the  T< 
whence  it  flows  northwesterly  to  the  northern  boundary,  where 
again  suddenly  deflected  in  a  south  and  southwesterly  course  to  the 
where  it  leaves  the  district.  Nearly  half  of  its  course  passes  throu{ 
great  volcanic-floored  plain  of  the  Snake  Basin,  the  upper  half 
within  the  mountainous  area,  traversing  in  graceful  windings  bea 
mountain  basins,  its  current  interrupted  by  serious  rapids  only  a 
points,  the  one  in  its  wild  passage  of  the  gorge  through  the  Snake 
Range,  and  the  dalles  at  Taylor's  Bridge  or  Eagle  Rock,  below  the 
great  bend.  Its  principal  tributary  is  the  Henry's  Fork,  which  ri: 
the  water-shed  far  to  the  north,  beyond  our  present  limits,  and  joii 
main  stream  in  the  northwestern  portion  of  the  district  through  a  ei 
delta  system  in  the  midst  of  extensive  flats,  which  are  occupied  b; 
ver-ponds  and  thickly  grown  with  willow.  Pierre's  River,  whic 
wholly  within  the  district,  draining  its  northern  section  west  of  the 
Range,  also  forms  a  delta  in  the  beaver-ponded  flats  on  joining  H 
Pork  a  short  distance  above  the  confluence  of  the  latter  stream  wii 
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Snake.  In  the  southwest,  the  Blackfoot  drains  a  considerable  area  in 
its  winding  course,  finally  Dreaking  through  the  low  hill-ranges  bordering 
the  Snake  plain  to  the  northeast  of  Fort  Hall,  and  gains  the  Snake  near 
the  southwest  corner  of  the  district.  The  Salt  and  John  Day's  Rivers, 
two  fine  affluents  which  rise  in  the  district  to  the  south,  reach  the  Snake 
at  a  point  just  below  its  debouchure  from  the  Grand  Canon  on  the  south- 
ern central  border.  To  the  east  of  the  T£ton  Range  the  Gros  Ventre  and 
Buffalo  Fork  gather  the  main  drainage  on  the  west  flank  of  the  water- 
shed, joining  the  Snake  in  the  mountain  basin  of  Jackson's  Hole.  The 
ultimate  sources  of  the  main  stream  rise  in  the  divide  north  of  Buffalo 
Fork,  while  Lake  Fork  drains  a  part  of  the  lake  plateau  to  the  north  of 
our  district. 

Mountain  ranges. — In  some  measure  conforming  to  the  drainage  system 
of  the  region,  the  mountain  belts  may  be  distributed  into  well-defined 
areas  of  greater  or  less  regularity  of  courses  and  magnitude.  Nearly 
centrally  located,  and  forming  the  dominating  range  whose  axial  peaks 
rise  11,000  to  near  14,000  feet  altitude,  the  T£ton  Mountains  constitute 
one  of  the  most  conspicuous  orographic  groups  in  this  northern  region. 
Its  orographic  relations  may  be  likened  to  that  of  a  wedge,  separating 
the  Gros  Ventre  on  the  one  hand  from  the  Snake  River  Range  on  the 
other,  its  longer  axis  lying  nearly  meridional  a  distance  of  about  40  miles 
from  north  to  south,  and  an  average  breadth  of  15  miles. 

Along  the  eastern  border,  the  water-shed  north  of  Warm-Water  Pass 
forms  a  high  wooded  divide,  which,  in  the  region  of  Buffalo  Fork  Peak, 
is  broken  down  in  the  gap  of  Togwotee  Pass,  from  which  point  it  pur- 
sues a  course  east  of  north,  heading  Buffalo  Fork,  and  throughout  its 
extent  within  the  district  it  is  made  up  of  a  vast  accumulation  of  volcanic 
materials,  which,  to  the  north,  rise  above  timber-line.  Intermediate,  or 
between  the  continental  divide  and  Jackson's  Basin,  the  northeastern 
quarter  of  the  district  is  occupied  by  clusters  of  sedimentary  and  vol- 
canic hills  and  ridges,  which  the  drainage  has  fashioned  into  distinct 
groups,  to  which  belong  the  highlands  between  the  Buffalo  Fork  and  the 
sources  of  the  main  Snake,  and  the  Mount  Leidy  groups  situated  between 
the  former  stream  and  the  Gros  Ventre  River,  the  culminating  points 
of  which  attain  altitudes  of  from  10,000  to  11,000  feet  above  the  sea. 

To  the  south  of  the  latter  group,  the  Gros.  Ventre  Range  constitutes 
a  rather  wide  belt  of*  upheaval,  trending  nearly  at  right  angles  to  the 
T£ton  Range,  forming  a  sort  of  bridge,  or  great  transverse  highland, 
connecting  the  latter  with  the  Wind  River  Range,  in  the  southeastern 
quarter  of  the  district.  The  geological  relations  of  this  highland  belt 
will  be  briefly  discussed  farther  on.  Its  axial  course  lies  a  little  south 
of  east  and  north  of  west,  its  heights  rising  12,000  feet  above  the  sea, 
and  offering  great  diversity  in  its  geological  and  concomitant  topograph- 
ical features. 

The  Snake  River  Range  forms  a  rather  wide  and  broken  belt  which 
rises  in  the  plateau  dividing  the  Green  and  Bear  River  Basins  to  the 
south  of  this  district,,  and,  pursuing  a  northwesterly  direction,  terminates 
in  the  Snake  Plain  south  of  Pierre's  River,  after  a  course  of  about  60 
xniles  within  the  present  district.  It  intersects  the  southern  terminus  of 
the  T6ton  Range  at  an  angle  of  about  45°,  to  the  south  of  which  it  is 
completely  severed  by  the  grand  canon  of  the  Snake  River.  Its  eastern 
limits  south  of  Hoback's  River  have  not  been  explored,  but  below  the 
T6ton  Pass  it  descends  into  the  lower  portion  of  Jackson's  Basin,  while 
to  the  northwest  it  is  separated  from  the  Teton  Range  by  Pierre's  Basin. 
Its  southwestern  flank  is  bounded  by  the  lower  valley  courses  of  Salt 
and  Snake  Rivers. 


326      REPORT  UNITED  STATES  QEOLOGICAL  SURVEY. 

In  the  southwestern  section,  situate  in  the  great  northern  or  lower  bend 
of  the  Snake,,  occur  a  series  of  low  hill-ranges  which  in  the  main  extend 
into  the  country  to  the  souths  with  perhaps  a  single  principal  ridge,  the 
Blackfoot  Range,  which  occupies  a  topographically  isolated  position  in 
the  southwestern  half  of  this  area.  On  the  east  and  facing  the  Snake 
River  Range,  occurs  a  widish  belt  of  hills,  the  Caribou  Range,  which 
falls  away  into  the  basin  of  Willow  Creek,  wlfich  intervenes  between  its 
southwestern  foot  and  the  Blackfoot  Range.  This  basin  area  is  ridged 
with  low  parallel  elevations,  having  the  same  general  northwest  and 
southeast  direction.  In  the  extreme  southwest  the  Portheuf  Range 
terminates  in  Mount  Putnam  and  a  belt  of  low  highlands  in  the  angle  of 
the  Blackfoot  River. 

Valleys  and  plain*. — Encompassing  the  western  and  northwestern 
borders  of  the  highland  region  above  briefly  outlined,  the  great  plain  of 
the  Snake  River  stretches  miles  away  to  the  foot  of  the  distant  mountain 
barriers  which  define  the  western  and  northern  boundary  of  this  arid 
waste.  Within  our  present  limits  this  region  is  scarcely  broken  by  a 
single  elevation,  the  Crater  Buttes  at  the  apex  of  the  northern  bend  of 
the  Snake,  and  the  Sand-Hills  a  few  miles  to  the  north  of  the  latter,  being 
the  only  exceptions.  But,  approaching  the  highlands,  the  plain  rises  in 
gentle  grassy  acclivities,  whoso  surfaces  are  scored  by  narrow  canons 
hemmed  in  by  precipitous  walls  of  dark  basaltic  lava,  which  in  places 
rise  to  the  height  of  several  hundred  feet  above  the  stream-beds.  Through 
such  portals  the  majority  of  the  streams  pass  on  their  way  from  the  high- 
lands to  the  plain. 

The  highlands  are  intersected  by  broad,  bay-like  recesses,  which  open 
out  to  the  north  into  the  plains  country,  of  which,  indeed,  they  form  a 
part  physically  and  geologically.  Such  are  the  basins  situated  between 
the  Caribou  and  Blackfoot  Ranges  and  Pierre's  Basin,  between  the  Snake 
River  and  T6ton  Ranges,  extensive  level,  grassy  tracts,  which  are  par- 
tially hemmed  in  by  mountain  ranges.  Jackson's  Basin,  at  the  eastern 
foot  of  the  Teton  Range,  is  an  interesting  example  of  mountain-locked 
valley,  which  comprises  an  area  of  four  or  five  hundred  square  miles, 
environed  on  the  east  by  the  comparatively  gentle  wooded  slopes  which 
form  the  outlying  flanks  of  the  mountain  borders,  and  on  the  west  by 
the  Teton  Range,  whose  precipitous  walls  and  massive  towel's  rise  5,<XH) 
to  7,000  feet  above  its  surface.  The  Snake  River  winds  its,  course  through 
low,  willow-fringed  flats,  between  beautiful  gravel  terraces,  and  over 
pebble- and  bowlder-strewn  bed,  receiving  on  the  west  bank  the  numer- 
ous snow-fed  torrents  which  debouch  into  pretty  lakleta  at  the  foot  of 
the  great  range,  and  on  the  east  the  larger  affluents  of  ice-cold  water 
which  descend  from  the  continental  divide. 

tiubdistricts,  or  sections. — As  above  outlined,  the  district  may  l>e  di- 
vided into  mountain  and  plain  regions,  the  superficial  areas  of  which  are 
respectively  as  three  to  four,  or  thereabouts.  Further  considered  in 
reference  to  the  topographical  and  geological  characteristics  of  the  dis- 
trict, it  may  be  divided  into  the  following  sections,  which  will  be  sepa- 
rately noticed  in  the  following  chapters  devoted  to  detail  geology:  The 
southwestern  section,  embracing  the  area  reaching  up  into  the  great 
northern  bend  of  the  Snake  River;  the  Teton,  or  middle  section,  in- 
cluding that  portion  of  the  district  embraced  in  the  great  southern  bend 
of  the  Snake ;  and,  lastly,  the  eastern  section,  which  comprises  all  the 
territory  to  the  east,  lying  between  the  Teton  Range  and  the  main 
water-shed  crest,  of  which,  however,  only  a  narrow  strip  along  the  west- 
ern border  in  the  vicinity 'of  Jackson's  liole  fell  under  actual  examina- 
tion during  the  past  season. 
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SOUTHWESTEBN  SECTIOK 

GENERAL  TOPOGRAPHICAL,  FEATURES,  DRAINAGE,  ETC. 

The  southern  boundary  of  the  district,  conforming  to  the  parallel  43° 
north  latitude,  forms  the  base  of  an  irregularly  triangular-shaped  area, 
the  remaining  two  sides  of  which  are  defined  by  the  Snake  Eiver,  and 
comprising  in  the  neighborhood  of  1,900  square  miles,  embraces  the 
territory  referred  to  under  the  above  designation.  Of  this  area  quite 
two-thirds  are  embraced  in  the  highland  region  which  stretches  across 
the  southern  line  from  the  western  boundary  of  the  district  to  Salt 
Eiver,  its  northern  border  sinking  into  the  Snake  plains,  which  latter 
comprise  the  remaining  third  of  the  section.    The  Snake  Eiver  bound- 

S,  of  course,  constitutes  the  main  drainage,  receiving  the  numerous 
uents  which  drain  the  interior  southern  highlands.  Of  these,  the 
Blackfopt  Eiver,  whose  course  is  mainly  within  this  Territory,  is  the 
largest.  It  rises  in  the  central  southern  portion  in  a  broad  basin  lying 
to  the  north  of  the  Bear  Eiver  drainage,  and  flowing  southerly,  it  re- 
tarns  ;  passing  thence  northerly  a  distance  of  about  25  miles  it  again 
suddenly  bends  westward,  breaking  through  the  upraised  border  of  the 
volcanic  flows  and  emerging  into  the  plain,  joins  the  Snake  a  few  miles 
north  of  the  southwest  corner  of  the  district.  It  is  a  fine  little  stream 
with  a  total  length  of  75  miles  or  so,  with  a  diversified  course  of  interior 
grassy,  sage  plain  or  basin,  basaltic  canon,  and  open  sandy  plain.  In 
the  extreme  southwest  the  sources  of  Ross  Fork  flow  down  from  the 
Mount  Putnam  Hills,  and  gathering  on  the  edge  of  the  plain,  flow  west- 
ward beyond  our  limits  into  the  Snake.  In  the  northerly  continuation 
of  the  same  basin  in  which  the  Blackfoot  rises,  several  other  small 
streams  gather  their  waters  from  springs  which  issue  from  the  volcanic 
ledges  and  neighboring  highlands,  and  flow  northward  through  Willow 
Greek  into  the  upland  plain  where  their  courses  are  caiioned  in  basaltic 
rocks.  Still  farther  to  the  east  the  drainage  of  a  considerable  area  is 
accumulated  in  the  marshy  depression  known  as  John  Gray's  Lake,  which 
finds  an  outlet  also  through  Willow  Greek  into  the  Snake  to  the  north- 
westwardjits  lower  course  being  caiioned  in  the  basalt  of  the  border 
upland.  The  eastern  border  is  drained  by  several  smaller  streams, 
among  which  McCoy  and  Fall  Greeks  are  the  largest,  which  take  their 
rise  in  the  heart  of  the  Caribou  llange  in  beautiful  little  mountain 
basins,  forcing  their  way  across  the  axis  of  the  range  through  deep, 
picturesque  gorges.  In  the  southeast,  Salt  Eiver  gains  the  Snake  .at  a 
point  just  below  the  lower  entrance  of  the  Grand'  Canon.  It  winds 
through  a  broad  valley  flanked  by  hills,  which,  farther  to  the  southward 
l)eyond  our  district,  opens  out  into  an  extensive  basin-like  area. 

The  eastern  border  of  the  region  is  occupied  by  a  wide  belt  of  low 
^mountains,  the  Caribou  Eange,  which  trends  northwest  and  southeast, 
"with  an  extent  of  some  40  miles  within  this  district.  Separating  the  Car- 
ibou from  the  Blackfoot  Eange,  on  the  west  intervenes  an  extensive 
"basin  drained  by  Willow  Creek,  the  average  breadth  of  which  is  about 
32  miles,  and  which  is  traversed  by  several  low,  rocky  ridges,  whose 
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parallelism  denotes  their  intimate  relation  to  the  larger  mountain  corru- 
gations on  either  hand.  This  basin  area  reaches  far  to  the  south,  into 
the  district  visited  by  Mr.  Gannett  and  Dr.  Peale,  where  it  is  described 
as  showing  essentially  the  same  surface  features.  To  the  west  of  the 
Blackfoot  Range  and  within  the  lower  or  northern  bend  of  Blackfoot 
River,  an  area  of  between  300  and  400  square  miles  is  occupied  by  low 
hill  ridges  forming  the  northern  prolongation  of  the  Mount  Putnam  Range 
and  its  outlying  eastern  highlands,  which  successively  die  out  in  the 
edge  of  the  plain  south  and  north  of  the  debouchure  of  the  Blackfoot. 
These  low  hill-ranges  are  intersected  by  parallel  valleys  and  little  basin 
expansions,  which  pleasantly  diversify  the  country  and  distribute  valu- 
able agricultural  lands  where  otherwise  the  country  would  be  useful 
only  for  grazing  purposes. 

MOUNT  PUTNAM— POETNEUP  RANGE. 

One  of  the  highest  points  of  this  range,  that  on  which  Station  I  was 
made,  is  situated  just  over  our  southern  line,  in  the  district  surveyed  by 
Messrs.  Gannett  and  Peale,  where  the  range,  indeed,  attains  its  principal 
magnitude.  It  consists  of  a  somewhat  rugged  axis  of  ancient  quartzites, 
alternating  with  slaty  micaceous  shales,  and  apparently  resting  upon 
a  heavy  mass  of  the  latter  deposits,  which  are  partially  exposed  in  the 
high  shoulder  overlooking  Ross  Fork  drainage,  on  the  west  side  of  the 
range,  facing  the  Snake  plain.  Just  to  the  north  of  Station  I,  the  range 
is  broken  though  by  a  branch  of  Ross  Fork,  which  opens  out  into  a 
pretty  little  hill-environed  basin,  excavated  in  the  sedimentary  deposits 
which  succeed  the  quartzites  on  the  east;  and  where  it  crosses  the  range 
on  its  way  into  the  plain  it  has  cut  a  short  gorge  across  the  tilted  Silu- 
rian quartzites  and  limestones.  This  rift  marks  the  northern  breaking 
down  of  the  higher  crest  of  the  range,  which  to  the  north,  within  the 
present  district,  is  continued  in  a  much  lower  ridge,  whose  culminating 
summits  rise  but  a  few  hundred  feet  above  the  Snake  plain.  This  low 
prolongation  of  Mount  Putnam  sweeps  round  from  a  north  to  a  north 
by  east  direction,  terminating  in  rather  abrupt  hills,  which  form  the 
western  angle  of  the  debouchure  of  Lincoln  Creek  drainage,  a  few  miles 
south  of  Fort  Hall.  The  declivity  facing  the  plains  is  in  places  quite 
abrupt,  the  opposite  flank  much  more  gently  descending  in  broad  undu- 
lations into  the  shallow  depression  in  which  Lincoln  Creek  and  branches 
of  Ross  Fork  rise,  its  surface  for  the  most  part  covered  with  herbage, 
with  here  and  there  rocky  x)oints  clothed  with  gnarled  cedars,  and  copses 
of  undergrowth  and  aspen  clinging  to  the  sides  of  the  ravines  which 
intersect  the  ridge. 

The  quartzites  which  crown  the  high  northern  peak  of  the  range  pass 
beyond  the  western  border  of  the  northern  ridge  prolongation,  where 
they  have  been  denuded  and  concealed  beneath  late  Tertiary  deposits, 
which,  according  to  Professor  Bradley,  make  up  quite  an  extensive  for- 
mation outlying  the  ridge.  In  the  craggy  ridge  north  of  the  south  gorge 
of  Ross  Fork  the  quartzites  and  limestones  of  the  Lower  Silurian  reap- 
pear, where  they  show  a  wavering  strike,  with  a  general  bearing  west  of 
north  and  dipping  east.  The  strike  of  the  rocks  diverges  a  little  west 
of  the  trend  of  the  ridge,  which,  as  it  bears  more  and  more  to  the  east 
of  north,  is  successively  occupied  by  more  recent  deposits,  until  the 
Jurassic  caps  the  northeast  end  of  the  ridge,  as  observed  by  Professor 
Bradley. 

A  low  spur  dividing  the  Ross  Fork  drainage  from  Lincoln  Creek,  and 
sx>reading  over  a  hinited  area  to  the  north  and  west,  forming  an  undu- 
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lating  upland  which  sinks  into  the  plain  in  those  directions,  is.  accord- 
ing to  the  same  observer,  made  up  of  "white  and  light-gray  Pliocene 
sandstones  and  limestones,  interlaminated  with  trachytic  porphyries  and 
coarse  volcanic  sandstones,  all  dipping  about  north  54°  east  at  angles 
varying  from  15°  to  30°."  Professor  Bradley  mentions  the  existence  of 
an  anticlinal  at  this  locality ;  the  same  deposits  on  the  opposite  flank 
of  the  spur  are  mentioned  as  showing  an  inclination  of  "  72°,  S.  34°  W." 
In  passing  up  out  of  the  branches  of  Boss  Fork,  five  to  eight  miles  south 
of  the  above-mentioned  spur,  we  soon  leave  the  basaltic  flooring  of  the 
plain,  the  way  crossing  the  gentle  undulating  and  gradually  rising  ascent 
outlaying  the  main  ridge  of  the  Mount  Putnam  prolongation,  over  a  light- 
brown  finely-comminuted  soil,  which  is  probably  largely  derived  from 
the  degradation  of  the  late  Tertiary  and  their  associated  volcanic  de- 
posits. At  the  foot  of  the  ridge,  north  of  the  entrance  of  the  gorge 
through  which  passes  a  wagon-road  from  Boss  Fork  Agency,  a  limited 
exposure  of  loosely-consolidated  conglomerate,  in  thin  layers  and  nearly 
horizontal,  appears  in  obscure  terrace  outliers,  and  which  I  take  to  be 
referable  to  the  above-mentioned  Pliocene  beds.  To  the  south  still  appar- 
ently similar  deposits  occur,  where  they  constitute  an  outlying  area 
corresponding  to  that  between  Boss  Fork  and  Lincoln  Valley. 

Passing  up  through  the  Boss  Fork  gorge  at  this  point  along  an  east- 
yest  line,  the  strata  show  steep  inclination  to  the  eastward,  rising  up 
into  the  monoclinal  crest  which  is  here  surmounted  by  a  heavy  ledge 
of  light-buff  quartzite.    Beneath,  occurs  a  ledge  of  drab  and  buff  rough 
leathered  limestone,  and  several  hundred  yards  to  the  east  of  the  last 
a  second  ledge  of  dark-gray  limestone,  steeply  inclined  with  and  resting 
upon  the  quartzite.  forms  the  east  flank  of  the  ridge  facing  the  Boss  Fork 
t>asin.    The  latter  limestone  is  apparently  in  turn  overlaid  by  quartzites, 
^"hen  a  space  of  half  a  mile  or  so  intervenes  in  which  no  rock  exposures 
appear  in  the  low  acclivities  bordering  the  stream.    Then  succeed 
heavy  deposits,  showing  below  dirty -buff  weathered  conglomeritic  lime- 
stone, mainly  composed  of  light-gray  limestone  pebbles  with  a  few  of 
quartzite,  and  which  is  overlaid  by  light-gray  and  dark-blue  cherty 
limestones,  dipping  30°  southeast,  and  reaching  a  thickness  of  above  1,000 
feet   The  upper  limestone  abounds  in  characteristic  Carboniferous  fossils, 
a  large  Zaphrentis  occurring  in  great  numbers,  besides  Spirifer,  &c.    To 
the  east  of  the  latter  exposure,  which  forms  a  low  rocky  point  on  the 
north  side  of  the  stream,  the  strata  are  concealed  beneath  the  superficial 
Materials  covering  the  undulating  prairie  surface  which  intervenes  be- 
tween this  and  the  low  broad  divide  next  east. 

8oine  three  or  four  miles  north  of  the  wagon-road  gorge,  on  a  promi- 
nent, isolated  point  of  the  ridge  on  which  Station  II  was  located,  the 
lower  Silurian  limestones  rise  gently  up  into  the  crest,  which  is  more 
abruptly  broken  down  in  the  northwest  face,  in  which  the  exposed  edges 
Jtf  a  few  hundred  feet  thickness  of  strata  are  partly  revealed  to  view. 
■He lower  200  feet  or  more  consists  of  (1),  dark-gray  limestone;  (2)  buff 
|?&gh  weathered  limestone ;  and  (3)  thin-bedded,  dark-gray,  brecciated 
^estone,  in  which  a  brief  search  failed  to  discover  organic  remains, 
yverlying  the  limestone  occurs  a  ledge  of  quartzite  conglomerate,  show- 
*&8  a  thickness  of  45  feet,  but  which  is  evidently  only  partially  exposed, 
^testing  upon  the  last  and  forming  the  crest  of  the  station,  a  thickness 
°\  a  few  hundred  feet  of  gray,  buff-gray,  or  pink  fragmentary  limestone, 
^th  brecciatod  layers  and  shaly  partings,  occurs,  in  which  the  presence 
°f  fragmentary  remains  of  trilobites  and  a  small  flat  gastropod  are  suffi- 
cient to  establish  the  Lower  Silurian  age  of  the  deposit.  This  latter 
^estone  near  the  summit  shows  a  dip  of  5°  to  15°  little  aou\k  oi  ^a&\^ 
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lating  upland  which  sinks  into  the  plain  in  those  directions,  is.  accord- 
ing to  the  same  observer,  made  up  of  "white  and  light-gray  Pliocene 
sandstones  and  limestones,  interlaminated  with  trachytic  porphyries  and 
coarse  volcanic  sandstones,  all  dipping  about  north  54°  east  at  angles 
-varying  from  15°  to  30°."  Professor  Bradley  mentions  the  existence  of 
an  anticlinal  at  this  locality ;  the  same  deposits  on  the  opposite  flank 
of  the  spur  are  mentioned  as  showing  an  inclination  of  "  72°,  S.  34°  W." 
In  passing  up  out  of  the  branches  of  Boss  Fork,  five  to  eight  miles  south 
of  the  above-mentioned  spur,  we  soon  leave  the  basaltic  flooring  of  the 
plain,  the  way  crossing  the  gentle  undulating  and  gradually  rising  ascent 
outlaying  the  main  ridge  of  the  Mount  Putnam  prolongation,  over  a  light- 
thrown  finely-comminuted  soil,  which  is  probably  largely  derived  from 
-the  degradation  of  the  late  Tertiary  and  their  associated  volcanic  de- 
posits. At  the  foot  of  the  ridge,  north  of  the  entrance  of  the  gorge 
tJirough  which  passes  a  wagon-road  from  Boss  Fork  Agency,  a  limited 
exposure  of  loosely-consolidated  conglomerate,  in  thin  layers  and  nearly 
Jiorizontal,  appears  in  obscure  terrace  outliers,  and  which  I  take  to  be 
referable  to  the  above-mentioned  Pliocene  beds.  To  the  south  still  appar- 
ently similar  deposits  occur,  where  they  constitute  an  outlying  area 
corresponding  to  that  between  Boss  Fork  and  Lincoln  Valley. 

Passing  up  through  the  Boss  Fork  gorge  at  this  point  along  an  east- 
-weat  line,  the  strata  show  steep  inclination  to  the  eastward,  rising  up 
into  the  monoclinal  crest  which  is  here  surmounted  by  a  heavy  ledge 
of  light-buff  quartzite.  Beneath,  occurs  a  ledge  of  drab  and  buff  rough 
weathered  limestone,  and  several  hundred  yards  to  the  east  of  the  last 
a  second  ledge  of  dark-gray  limestone,  steeply  inclined  with  and  resting 
upon  the  quartzite.  forms  the  east  flank  of  the  ridge  facing  the  Boss  Fork 
toasin.  The  latter  limestone  is  apparently  in  turn  overlaid  by  quartzites, 
when  a  space  of  half  a  mile  or  so  intervenes  in  which  no  rock  exposures 
appear  in  the  low  acclivities  bordering  the  stream.  Then  succeed 
heavy  deposits,  showing  below  dirty-buff*  weathered  conglomeritic  lime- 
stone, mainly  composed  of  light-gray  limestone  pebbles  with  a  few  of 
quartzite,  and  winch  is  overlaid  by  light-gray  and  dark-blue  cherty 
limestones,  dipping  30°  southeast,  and  reaching  a  thickness  of  above  1,000 
feet  The  upper  limestone  abounds  in  characteristic  Carboniferous  fossils, 
**  large  Zaphrentis  occurring  in  great  numbers,  besides  Spirifer,  &c.  To 
*l*e  east  of  the  latter  exposure,  which  forms  a  low  rocky  point  on  the 
**orth  gide  of  the  stream,  the  strata  are  concealed  beneath  the  superficial 
J^aterials  covering  the  undulating  prairie  surface  which  intervenes  be- 
tween this  and  the  low  broad  divide  next  east. 

Some  three  or  four  miles  north  of  the  wagon-road  gorge,  on  a  promi- 
**^nt,  isolated  point  of  the  ridge  on  which  Station  II  was  located,  the 
^•ower  Silurian  limestones  rise  gently  up  into  the  crest,  which  is  more 
al>ruptly  broken  down  in  the  northwest  face,  in  which  the  exposed  edges 
J*f  a  few  hundred  feet  thickness  of  strata  are  partly  revealed  to  view, 
■^e  lower  200 feet  or  more  consists  of  (1),  dark-gray  limestone;  (2)  buff 
Jpugh  weathered  limestone ;  and  (3)  thin-bedded,  dark-gray,  brecciated 
J^fcestone,  in  which  a  brief  search  failed  to  discover  organic  remains. 
XVerlying  the  limestone  occurs  a  ledge  of  quartzite  conglomerate,  show- 
*^g  a  thickness  of  45  feet,  but  which  is  evidently  only  partially  exposed, 
-"^sting  upon  the  last  and  forming  the  crest  of  the  station,  a  thickness 
°f  a  few  hundred  feet  of  gray,  buff-gray,  or  pink  fragmentary  limestone, 
^th  brecciatqd  layers  and  shaly  partings,  occurs,  in  which  the  presence 
°f  fragmentary  remains  of  trilobites  and  a  small  flat  gastropod  are  suffi- 
cient to  establish  the  Lower  Silurian  age  of  the  deposit.  This  latter 
Uttiestone  near  the  summit  shows  a  dip  of  5°  to  15°  little  aou\k  oi  sasfc^ 
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and  sweeping  down,  in  that  direction  so  as  to  cover  that  side  of  the  ele- 
vation. 

At  the  foot  of  the  southeastern  spur  a  heavy  bed  of  light-colored, 
rough-weatheredquartzite  appears,  dipping  25°,  east  30°  south;  the  same 
deposit  again  outcropping  in  the  south  side  of  the  little  gorge  which 
cuts  across  the  ridge  just  south  of  Station  EL  Besting  on  the  latter 
bed  occurs  an  obscure  exposure  of  rough-weathered  buff-gray  siliceous 
limestone,  containing  a  few  poorly-preserved  fossils,  crinoidal  columns, 
and  an  undetermined  brachiopod  shell,  which  may  be  a  Hemipronites.  The 
latter  rock  appears  in  a  low  shoulder  at  the  southeast  foot  of  Station  II 
hill,  to  the  east  of  which  the  rocks  are  again  hidden  beneath  the  soil. 

From  Station  II  the  ridge  rapidly  trends  round  into  the  northeast, 
showing  several  low  rugged  summits.  In  one  of  these  points,  a  mile  or 
so  to  the  northeast  of  Station  II.  obscure  outcrops  of  limestone  debris 
were  crossed,  which  are  apparently  identical  with  the  conglomeritic  lime- 
stone exposures  above  mentioned  underlying  the  Zaphrentis  limestone 
ledges  which  appear  in  the  north  bank  of  Ross  Fork.  A  little  farther 
on  to  the  eastward,  indeed,  a  heavy  mass  of  overlying  dark-gray  Car- 
boniferous limestone  offers  the  same  association  and  succession  of  beds 
as  noted  at  the  above-mentioned  locality  some  four  or  five  miles  to  the 
south.  In  an  accompanying  plate  will  be  found  a  generalized  section 
exhibiting  the  stratigraphy  and  structural  features  of  the  monoclinal 
ridge  forming  the  northern  extension  of  the  Putnam  ridge  within  this 
district 
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DIVIDE. 

Extending  northward  from  our  south  line  is  a  low  ridge,  which  may 
be  designated  as  the  Iligham's  Peak  Ridge,  after  the  peak  which  con- 
stitutes the  dominating  topographical  feature.    For  the  most  part  this 
belt  forms  a  broad  low  divide  between  the  highland  course  of  the  Black- 
foot  on  the  east  and  the  depression  which  intervenes  between  this  and 
the  Mount  Putnam  ridge  on  the  west.    The  northern  portion  of  this 
depression  is  occupied  by  the  Lincoln  Valley,  while  the  southern  half 
belongs  to  the  highland  basin  bf  Ross  Fork.    This  latter  basin  and  the 
low  divide  which  separates  it  from  the  head  of  Lincoln  Valley  or  Four- 
Mile  Creek,  as  it  is  locally  known,  embraces  an  elliptical  area  of  undu- 
lating grassy  surface  in  the  main  mantled  with  detrital  materials,  with 
evidence  here  and  there  of  the  fine  brown  soil  which  is  common  if  not 
peculiar  to  the  disintegration  of  the  Pliocene  volcanic  deposits.    But  as 
to  the  existence  of  the  latter  deposits  in  this  basin,  further  evidence  was 
not  observed. 

Lincoln  Valley  is  excavated  out  of  Triassic  and  Jurassic  beds,  whib 
that  portion  of  the  divide  still  to  the  north  is  flanked  by  a  broad  terrac^a 
which  gently  descends  to  the  westward  and  terminates  in  low  bluff  el*t^- 
vations  which  here  define  the  Snake  plain.  This  bonier  terrace  K*e*s 
much  the  same  character  as  the  above-mentioned  outlying  Plioce*2*« 
areas,  but  its  mantle  of  soil  completely  conceals  the  nature  of  the  depos*  "it * 
of  which  it  is  composed.  As  in  the  forks  of  Ross  Fork,  the  basaltic  ls»_  ~^y 
is  again  met  with  in  the  debouchure  of  a  small  stream  heading  i1 
Higham's  Peak,  and  thence  northward  these  deposits  increase  in  C^re 
quency  of  occurrence  until  they  assume  the  entire  area  in  the  vicinity  °J 
the  debouchure  of  the  Blackfoot  River,  from  whence  they  curve  roim  *id 
to  the  southward,  apparently  flanking  the  eastern  slope  of  this  highl^J1" 
belt  to  a  point  near  the  south  line  of  the  district. 
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Near  oar  southern  border  this  belt  rises  into  rather  prominent  ridges 
'which  culminate  to  the  south,  where  they  seem  to  bridge  over  into 
Mount  Putnam  in  the  water-shed  between  the  Ross  Fork  and  Portneuf 
drainages.  Just  to  the  north,  however,  the  upland  exhibits  a  broad 
6well  over  which  the  Fort  Hall  and  Soda  Springs  road  passes  from  the 
head  of  Lincoln  Valley,  and  which  was  found  to  be  capped  by  Jurassic 
deposits,  which  occupy  a  shallow  synclinal  flanked  on  the  east  by  Up- 
per Carboniferous  strata  more  steeply  inclined  westward. 

The  strike  of  the  strata  in  this  part  of  the  ridge  is  very  variable,  yet 
with  some  persistency  even  in  its  variableness.  As  we  pass  obliquely 
across  the  divide  from  a  point  near  our  southern  line  northwesterly  to 
the  head  of  Lincoln  Valley,  the  strike  in  the  Carboniferous  border  de- 
posits swerves  round  from  N.  30°  E.  to  N.  20°  W.  as  we  reach  the  axis 
of  the  Jurassic  ledges,  beyond  which,  in  the  slope  descending  to  Lincoln 
Valley,  the  beds  again  strike  about  northeast  and  southwest,  dipping  at 
a  moderate  angle  to  the  southeastward.  It  is$  therefdre,  evident  that 
this  portion  of  the  divide  owes  intimate  connection  with  the  Putnam 
ridge.  But  passing  only  a  few  miles  farther  north,  in  the  monoclinal 
ridge  flanking  the  northeast  side  of  Lincoln  Valley  there  were  observed 
evidences  of  an  abrupt  change  in  the  direction  of  the  disturbing  forces 
accompanied  by  extraordinary  local  disturbance,  resulting  in  the  strata 
being  upraised  and  folded  along  a  line  bearing  north  of  west  and  south 
of  east,  with  local  variations  in  the  strike  and  degree  of  inclinal  which 
it  would  require  much  time  thoroughly  to  decipher. 

In  the  southwest  slope  of  this  ridge,  even  within  comparatively  short 
distances,  of  but  a  few  score  of  yards  in  some  instances,  the  strata  are 
carped  from  a  northerly  to  north-northeast  inclination  of  25°  to  50°  to 
a  dip  in  the  opposite  direction  at  angles  varying  from  65°  to  80°.  It  is 
possible,  as  has  been  suggested  by  Professor  Bradley,  whose  examinations 
in  this  quarter  were  much  more  extended  than  my  own,  that  the  steep 
southerly  dips  here  noticed  mark  the  position  of  the  dragged  and  up- 
turned edges  of  the  strata  along  a  line  of  faulting  the  downthrow  of 
^hich  was  to  the  south,  though  to  what  vertical  extent  was  not  ascer- 
tained. For  the  clearer  illustration  of  the  facts  referred  to,  the  accom- 
panying sheet  of  diagrams  is  introduced,  which  represents  the  rock 
sections  observed  in  the  north-side  ridge  on  Lincoln  Valley  or  Four- 
^lile  Creek,  from  Station  III  to  a  point  a  mile  or  two  to  the  northwest, 
two  or  three  miles  beyond  which  the  Jurassic  spur  terminates  in  the 
sage-plain  bench  east  of  the  Lincoln.  At  the  latter  point  the  limestone 
strata  show  variable  dips,  at  one  place  the  beds  pitching  steeply  .east- 
^ard  at  an  angle  of  50°,  while  in  a  short  distance  south  they  incline 
**ore  gently  southward.  In  the  southwest  slope  of  Station  III,  the  fol- 
lowing section  of  Jurassic  strata  occurs : 

Section  at  Station  III. 

1.  Long  grassy  slope  to  Four-Mile  Creek,  no  rock  exposures. 

2.  Gray,  heavy-bedded  limestone,  in  two  layers,  exposed  4  feet;  dip 
^T.  250  e°.,  at  an  angle  of  20°  to  25°.  This  ledge  appears  at  a  level  of 
^bout  600  feet  below  summit  of  station,  and  containes  a  large  Pseudo- 
*nonoti&  or  Aviculopecten,  a  small  Chryphwa  or  Ostrea^  Camptonectes,  and 
Singula. 

3.  Layers  of  brown,  weathered,  gray  limestone,  interbedded  with 
clayey  matter,  obscurely  exposed  in  slope.    The  limestones  also  contain 
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4.  Gray  limestone,  containing  numerous  small  Qrypk&k  Obscure 
outcrop  at  a  level  of  about  130  feet  above  No.  2. 

5.  Slope  representing  a  thickness  considerably  greater  than  the  diffe* 
ence  in  level  between  beds  No.  4  and  6,  probably  100  feet. 

G.  Similar  gray  limestone,  with  PseudomonotiSj  &c ;  dips  N.  25°  E.,  at 
an  angle  of  20°.    Obscure  exposure  40  to  CO  feet  above  No*  4* 

7.  Slope,  50  to  100  feet. 

8.  Very  hard,  dark-gray  limestone,  with  small  Gryphcea  t ,  &c,  over- 
laid by  a  heavy  ledge  of  lighter  pinkish-gray  limestone,  with  same  fos- 
sils. Strike  and  dip  same  as  lower  ledges.  The  latter  ledges  appear  in 
a  bench,  from  which  the  slope  sweeps  up  into  the  summit  over  the  fol- 
lowing beds. 

0.  Beddish-tinted  shales,  obscurely  exposed  in  steep  slope  covered 
with  limestone  dtbris,  and  representing  a  heavy  deposit,  possibly  includ- 
ing limestone  layers. 

i0.  Buff-grayJ  thin-bedded,  or  shaly,  slightly  gritty  limestone,  forming* 
heavy  ledge;  cbp  34°,  N.  5°  W.  The  lowest  outcrop  occurs  at  a  level  of 
about  250  feet  above  No.  8,  and  as  we  ascend  the  hill  the  ledges  rise, 
showing  similar  buff-gray  gritty  limestones,  the  strike  swerving  rouha 
more  and  more  north  of  east,  until  in  the  summit  the  beds  dip  N»  300 
W.,  at  an  angle  of  35°  to  40°.  There  is  here  exposed  a  thickness  of 
above  100  feet  of  these  arenaceous  limestones,  with  shaly  partings.  Some 
of  the  layers  contain  a  small  Pseudomonotis,  Ariculopecten,  and  other 
fossils  prevalent,  in  the  lower  limestones. 

Apparently  the  same  ledges  mentioned  under  bed  No.  10  of  above 
section  form"  the  crest  of  the  ridge  to  the  west-northwest,  which  here 
bounds  Lincoln  Valley  on  the  north.  In  the  slope  descending  into  the 
valley  from  this  ridge  we  meet  with  the  disturbed  strata  mentioned  in 
a  previous  page.  The  first  exposure  occurs  about  three-quarters  of  a 
mile  to  the  west-northwest  of  Station  III,  and  is  that  shown  at  2,  B,  in 
accompanying  plate.  It  consists  of  a  heavy  ledge  of  gray  limestone, 
exposed  15  feet,  dipping  25°  to  30°,  N.  15°  E.  It  is  possibly  the  equiw 
alent  of  bed  Xo.  2  of  the  foregoing  section.  Half  a  mile  or  so  northwest 
of  the  last  exposure,  apparently  the  same  ledge  appears,  associated  with 
several  others,  shown  in  diagram  O,  as  follows :  <?,  dark-brown  ferru- 
ginous limestone,  10  feet  exposed,  and  dipping  at  a  less  steep  angle  of 
inclination  than  the  overlying  beds;  &,  shales,  with  dark  ferruginous 
limestone  layers  and  concretionary  masses,  occupying  a  space  100  yards 
across ;  c,  rusty -gray  limestone ;  d,  shales,  with  dark  ferruginous  con- 
cretions, space  50  yards  across ;  e ,  gray  limestone,  dipping  80°,  S.  30°  W. 

A  short- distance  to  the  west  the  same  ledges  again  dip  north-northeastr 
ward  at  an  angle  of  35°,  as  shown  in  diagram  D.  And  a  quarter  of  a  mil$ 
or  so  farther  westward  the  strata  again  appear  in  a  low  ridge,  dipping  11 
2."P  W.,  at  an  angle  of  fi0°  to  05°  (diagram  E).  To  the  west  these  de- 
posits are  soon  lost  to  view  in  the  debris  covered  slopes,  which  latter 
form  low  bluffs  near  the  stream,  in  which  obscure  exposures  of  reddish, 
indurated  arenaceous  shales  and  soft  and  reddish  sandstone  debris  werfe 
noticed,  but  no  outcrops  by  which  their  relations  to  the  above-mentioned 
deposits  might  be  determined,  although  they  have  been  compared  witfc 
the  "  Bed  Beds"  of  the  Trias.  Similar  sandstones  and  chocolate-colored 
shales,  including  layers  of  nodular  limestone,  occur  in  the  horizon  of  th£ 
Triassic  beneath  the  Jurassic  strata  in  the  broad  synclinal  ridge  a  fev 
miles  to  the  southward,  and  in  a  more  considerable  elevation  beyond  oujr 
southern  line,  and  about  due  east  of  Mount  Putnam,  as  seen  from  a  di» 
tance,  a  set  of  red-colored  beds  appear  in  force,  which  may  also  prove  th 
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have  intimate  relationship  with  the  deposits  so  obscurely  exposed  in 
Lincoln  Valley. 

The  section  extending  across  the  synclinal  divide,  from  a  point  near 
oar  southern  boundary,  northwesterly  to  the  head  of  Lincoln  Valley  is 
shown  in  an  accompanying  plate,  which  gives  such  stratigraphies!  de- 
tails as  came  under  notice  in  this  part  of  the  ridge.  The  section  does 
not,  however,  pursue  a  direct  course,  but  it  is  carried  by  a  series  of  off- 
sets northwesterly  and  at  right  angles  to  the  strike  of  the  strata,  which 
was  made  necessary  by  the  form  or  direction  of  the  divide. 

Section  across  the  Boss  Fork — Lincoln  and  BlacJcfoot  divide. 

1.  Calcareous  spring-deposit,  evidently  quite  extensive  accumulations 
in  the  borders  of  the  little  basin. 

2.  White  and  buff  heavy-bedded  sandstone,  exposed  in  bluffs  short 
distance  below  the  Boss  Fork  road.    Dip  25°,  W.  20°  K. 

3.  Drab-gray,  laminated,  fragmentary  limestone,  lower  layers  light  and 
gritty,  interbedded  with  buff  sandstone.    Dip  25°,  W.  15°  N. 

4.  Shaly  brown-buff,  gritty  layers  and  hard  sandstone. 

5.  Gray  and  dark  drab  fragmentary  limestone.  Contains  a  small 
coral  like  Stenopora,  also  obscure  Lamellibranchiates,  a  small  Plcuro- 
phorus  and  Schizodus  (!).  These  fossils  possess  a  Penno-Carboniferous 
facies,  though  they  may  be  found  to  be  associated  with  others  of  Upper 
Coal-measure  species.    This  limestone  forms  a  heavy  ledge. 

6.  Limestone  like  the  above,  with  black  chert. 

7.  Space  covered  with  limestone  debris. 

8.  Light-grayish  buff  and  reddish  heavy-bedded  sandstone.  Dip  30°, 
W.30°N. 

9.  Sandstone,  obscure  exposure. 

10.  Buff,  reddish-brown  weathered,  very  hard  sandstone,  8  to  10  feet 
exposed.    Dip  25°  to  30°,  W.  15°  N. 

11.  Gray,  buff-yellow,  and  brown  standstone,  interbedded  with  gray 
limestone.    A  heavy  deposit. 

12*  Heavy  bed  of  gray  limestone. 

13.  Heavy  deposit  of  buff  sandstone,  generally  heavy  bedded  and 
sometimes  granular,  with  ripple  markings  and  slickenside  surfaces. 
Dip  30°  to  50°,  W.  25°  N.,  curving  up  into  part  of  an  arch. 

14.  Obscure  ledges  of  sandstone  and  possibly  limestone. 

15.  Gray,  gritty,  fetid  limestone,  obscure  exposure. 
ltt.  Brittle^  buff  sandstone,  dips  steeply  westward. 

17.  Gray  limestone  with  black  chert.  Dip  60°  westward.  Contains 
«asts  of  fossils,  an  Aviculopecten  t  and  two  or  three  other  forms  of  Lainelli- 
~fc>ninchiates,  Jjentalium  t  and  one  or  two  small  forms  of  Gasteropods,  the 

hole  group  bearing  Jurassic  facies,  but  specifically  indeterminable. 

18.  Soft-,  reddish-buff  sandstone  and  limestone  dtbris. 

19.  Buff,  rusty,  rough-weathered  sandstone,  obscure  exposure. 

20.  Gray  and  yellow  shaly  limestone,  fragmentary. 

21.  Drab  and  dark-gray  shaly  limestone  and  buff  siliceous  limestone, 
Txjcure  exposure.    Dip  20°  to  30°,  W.  5°  3ST. 

22.  Reddish  sandstone  and  limestone  layers  and  debris. 

23.  Gray  magnesian  t  limestone,  with  black  and  pink  chert.    Dip  25°, 
• 

24.  Space,  covered  with  rock  debris. 

25.  Gray,  chocolate  weathered,  fragmentary  limestone.    Dip  47°,  TV. 
"  8.    Contains  a  small  Lingula  and  an  obscurely  preserved  small, 

concentrically  ribbed  Lauiellibranch,  possibly  Trigonia. 
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20.  Drab  shales,  with  indurated  layers. 

27.  Rusty  buff  areno-argillaceous  indurated  layers.  Dip  40°  to  46°* 
W.  IS©  s. 

28.  Rusty-gray,  chocolate-brown  weathered,  even-bedded  limestone. 
Dip  43°,  W.  20°  8.  Contains  Avwulopecten  f ,  a  small  Pseudomonotis  f, 
Camptonectestj  and  a  form  resembling  Mytilus;  all  common  forms  in 
Jurassic  horizons  in  this  region.  There  are  several  layers,  at  least  five, 
of  this  limestone  alternating  with  softer  deposits,  making  up  a  heavy 
deposit  300  to  500  feet  in  thickness. 

20.  Unexposed  space,  500  to  800  yards. 

30.  Light-gray  limestone,  similar  to  bed  28,  showing  several  layers,  dip- 
ping 5°  to  20°,  E.  to  E.  8.  E.  The  upper  layer  is  charged  with  a  small 
Pseudomonotis  t  and  Aviculopecten.  These  layers  bear  a  general  resem- 
blance in  their  lithology  to  those  mentioned  under  No.  28,  but  their  iden- 
tity was  not  conclusively  determined,  although  it  seems  very  probable. 
From  this  point,  descending  to  the  valley  of  Lincoln  Creek?  the  strata 
dip  very  gently  easterly,  forming  the  west  slope  of  the  synclinal  trough, 
the  axis  of  which  approximates  that  of  the  divide. 

31.  Shaly  limestone,  like  the  last  preceding,  two  or  more  layers.  Like 
the  preceding  limestone  layers,  the  present  layers  dip  gently  south  of 
east  at  an  angle  of  5°  to  10°,  but  soon  increasing  to  20°,  with  in- 
dications of  local  disturbance  in  masses  of  strata  dipping  at  a  steeper 
angle  north  of  east. 

32.  Rusty-gray,  chocolate-brown  weathered,  thin-bedded  limestone, 
reckling  the  crest-ledges  mentioned  under  No.  28,  also  No.  25. 

33.  Reddish-buff;  thin-bedded  sandstone,  and  variegated,  chocolate- 
colored,  partially  indurated  shales,  interbedded  with  drab-gray,  frag- 
mentary limestone.  Its  equivalent  in  the  opposite  side  of  the  synclinal 
was  not  recognized,  although  it  probably  holds  a  position  below  bed 
No.  25. 

34.  Drab-gray,  fragmentary  limestone,  alternating  with  partially  indu- 
rated chocolate- variegated  shales,  imperfectly  exposed  over  a  wide  space, 
terminating  in  ridge  overlooking  Lyncoln  Valley,  toward  its  head. 

35.  Ledges  of  pink  or  pale-reddish,  heavy-bedded  sandstone,  extend- 
ing 150  to  300  feet  below  summit  of  above  limestone-capped  ridge. 

30.  Heavy-bedded,  gray,  gritty  limestone,  3  feet  exposed,  dipping 
gently  southeasterly. 

37.  Grassy  slope,  showing  no  exposure  of  rocks,  thence  to  Lincoln 
Creek. 

At  the  head  of  the  little  stream  which  joins  the  Lyncoln  at  Fort  Hall, 
a  distance  of  5  miles  east  of  the  post,  the  ridge  rises  into  a  prominence 
on  which  Station  IV  was  inade,  2,200  feet  above  the  plain  in  the  de- 
bouchure of  Lincoln  Valley.  The  first  rock  encountered  ascending  this 
little  stream  crowns  a  low  hill  on  the  north  side  at  an  elevation  of  about 
500  feet  above  the  post,  and  one  and  a  quarter  miles  distant.  This  con- 
sists of  reddish,  yellow-mottled,  coarse  sandstone,  dipping  20°  to  the 
sout  h  ward ;  bed  a.  About  a  mile  farther  east  a  heavy  deposit  of  deep  red 
sandstone  forms  the  summit  of  a  higher  elevation,  the  beds  dipping  25° 
to  30°,  W.  15°  to  25°  N.;  bed  b.  One-half  or  three-quarters  of  a  mile 
east-southeast  of  the  last' exposure,  in  the  north  bluff  of  a  gorge  through 
which  a  branch  of  the  stream  flows  at  this  point,  a  heavy  ledge  of  drab- 
gray  limestone  appears,  in  the  upper  layers  of  which  a  few  obscure  fos- 
sils were  found,  a  Pscudomoiwti*  and  a  small  Osteo-like  shell,  which 'in- 
dicate the  Jurassic  age  of  the  beds  in  which  they  occur.  The  limestone 
shows  a  variable  dip  and  strike  at  the  several  exposures  examined,  rang- 
ing from  20°  to  50°,  W.  30°  to  80°  BT. ;  bed  c.    These  limestones  are  ap- 
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underlaid  by  red  sandstones,  the  dibris  of  which  was  seen  in  the 
f  an  adjacent  eminence,  a  few  hundred  yards  northeast.  One 
f  miles  or  thereabouts  to  the  southeast  of  the  limestone  bluffs, 
leposit  of  red,  even-bedded,  ripple-marked  sandstone  makes  up 
of  a  large  hill  a  few  hundred  yards  to  the  northwest  of  and  par- 
.  the  comb  of  Station  IV.  These  sandstones  dip  at  an  angle  of 
5°  E. ;  bed  <L  The  sag  intervening  between  this  and  Station 
is  eroded  out  of  a  softer,  deep-red  arenaceous  bed  (bed  e),  which, 
with  the  sandstone,  bears  a  marked  resemblance  to  the  Trias- 
sewhere  developed  in  the  district. 

t  IV  occupies  the  summit  of  a  rough-weathered  comb,  composed 
7j  bed  of  coarse,  red  sandstone  alternating  with  conglomerate. 
ch  is  more  or  less  changed  to  the  condition  of  a  quartzite;  bed  f. 
;e  dips  45°,  K  15°  E.,  and  it  may  be  traced  a  distance  of  a  mile 
ong  an  east-west  course:  the  outcrop  in  the  west  spur  being 

-  visible  from  Fort  Hall;  and  which  forms  a  higher  parallel 
h  the  Jurassic-capped  ridge  horth  side  of  Lincoln  Creek.  In 
from  Station  IV  to  the  latter  ridge,  a  mile  or  so  southwest,  the 
evealed  a  single  exposure  of  gray  limestone  about  two-thirds 

across,  when  we  come  to  the  northeasterly-dipping,  rusty 
d  gritty  Jurassic  limestone  which  caps  the  Lyncoln  Valley 
>  to  three  miles  northeast  of  Station  III. 
•ata  above  noticed  are  observed  to  swerve  round  in  strike,  the 
es  in  the  border-slopes  between  Station  IV  and  Fort  Hall  hav- 
id  almost  at  right  angles  to  the  beds  in  the  station  and  neigh- 
Iges,  which  latter  evidently  belong  to  the  uplift  of  Station  III 
hile  the  soft  border  sandstones  show  evidence  of  much  complica- 
te place  the  inclination  changing  from  that  above  noticed,  20° 
d,  to  N:  25o  E.,  at  an  angle  of  55°  to  60°. 
tiles  to  the  northward  of  Station  IV,  on  the  culminating  point 

-  similar  ridge  known  as  Higham's  Peak,  Station  V  was  located, 
tude  of  about  6,G00  feet  above  the  sea,  or  a  couple  of  hundred 
r  than  the  former  station.  Approaching  this  ridge  from  Fort 
*  northeasterly  direction,  the  iirst  two  miles  passes  over  the 
ring  bench  which  outlies  the  foot-hills.  The  first  rock  here  met 
heavy  bed  of  drab-gray  limestone  interlaminated  with  shales  and 
b  laminated  limestone  with  obscure  traces  of  fossils,  showing 
ess  of  perhaps  30  feet,  dipping  south westwardly  at  an  angle 

45°.  ^The  rock  closely  resembles  the  limestone  noticed  in  the 
couple  of  miles  northwest  of  Station  IV,  with  which  it  is  be- 
be  identical.  One  hundred  yards  northeast  of  the  last  expo- 
rted outcrop  of  thin-bedded  red  sandstone  appears,  which  holds 
or  stratigraphical  position,  and  dips  25°,  W.  50°  to  65°  N. 
t  distance  of  a  mile  to  the  northeast  of  the  last  a  similar  red 
e  outcrops  in  a  hill  at  an  elevation  of  500  to  600  feet  above  the 
3  exposure,  showing  an  inclination  of  37°,  W.  25°  S. ;  and  in 
le  a  few  hundred  yards  northeast  a  heavy-bedded,  coarse,  pink- 
i,  and  reddish  sandstone  dips  beneath  the  foregoing  at  an  angle 
v.  Thence  a  high,  undulating,  grassy  upland  with  no  rock  ex- 
s  crossed,  1 J  to  2  miles,  when  a  deep  ravine  half  a  mile  south- 
Higham's  Peak  is  reached,  where  the  lower  strata  consist  of 
»  affording  Carboniferous  fossils,  succeeded  by  soft  buff'  and 
*-red  variegated  sandstones  and  sandy  shales  and  heavy  ledges 
ih-buff  and  reddish  sandstones  and  conglomerate,  including  a 
cherty  liiitestone  with  crinoidal  remains;  the  whole  making  up 
688  of  .'several*  hundred  feet  of  much-disturbed  and  apparently 
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overturned  strata,  which  form  the  crest  and  higher  shoulder  of  tho 
ridge. 

The  section  here  alluded  to  is  given  in  an  accompanying  plate,  and 
described  below : 

Section  through  Hlghamh  Peaky  Station  V. 

la.  Porous,  buff,  magnesian  limestone,  2  feet  exposed. 

lb.  Two  thick  ledges  of  heavy  bedded,  drab,  brittle  limestone,  can- 
cellated structure  in  places,  separated  by  a  space  of  about  40  feet.  Dip 
variable,  the  lower  ledge  at  one  point  inclining  at  an  angle  of  30°,  ST. 
15°  W.,  the  upper  one  dipping  15°  to  20°,  N.  B. 

le.  Slope  80  yards  across,  and  representing  a  heavy  bed  of  shaly  ma- 
terial, the  limestone  debris  affording  a  few  imperfect  Carboniferous  fos- 
sils, crinoidal  columns,  Spirifer,  Myalina?,  Avtculopecten. 

Id.  Several  layers  of  limestone,  forming  a  heavy  deposit,  at  the  base 
drab,  followed  by  buff-mottled  thin-bedded  layers,  with  chert  nodnles; 
light  gray,  compact,  thin-bedded  limestone;  dark  drab-mottled  lime- 
stone, minutely  cancellated,  fragmentary^  containing  a  large  Lamclli- 
branch.  These  beds  are  very  variable  in  inclination,  dipping  40°  to  80°, 
N.  25o  E.  to  N.  50  W. 

2.  A  wide  space,  showing  obscure  exposures  of  generally  soft,  buff 
sandstone,  probably  included  in  shaly  deposits,  with  harder,  thin-bedded, 
chocolate-red  variegated  sandstone  layers :  on  the  south  occurs  thin, 
indurated  buff  arenaceous  layers,  mingled  with  red  sandy  indurated 
shales,  with  small  sand  nodules,  interbedded  with  buff  firmer  sandstone. 

3.  Dark  red  sandstone,  forming  low  comb,  220  yards  south  of  bed  4, 
and  300  yards  north  of  No.  Id  ;  dip  and  strike  variable,  70°,  N.  45°  E., 
and  80°,  S.  50°  W. 

4.  Coarse,  sometimes  conglomeritic,  neavy  bedded,  light  and  reddish, 
laminated  and  cross-bedded  sandstone,  forms  a  rugged  comb  parallel 
with  but  lower  than  Station  V  ridge  400  vards  north.  Dip  in  crest,  60° 
to  70o,  s.  50°  W.,  and  on  the  south  side  80°  to  &o°,  S.  10°  E. 

5.  Drab  cherty  limestone,  below  almost  pure  chert,  with  small  crinoidal 
columns,  forming  a  ledge  exposure  50  yards  across.    Dip  62°,  S.  45°  W. 

G.  Deep  red  arenaceous  shales,  interlaminated  with  hard  red  and  light 
creamy  mottled  sandstone  layers,  exposed  in  saddle  70  yards  across. 

7.  Hard,  thin-bedded,  buff  and  reddish,  laminated,  rarely  ripple- 
marked,  sandstone,  forming  a  heaw  deposit  in  summit  at  Station  V, 
300  yards  across  the  exposure.    Dip*30°  to  85°,  W.  20°  to  40°  8. 

8.  Heavy  bedded,  drab,  brittle  limestone,  dipping  southwesterly  at  a 
more  moderate  angle  of  inclination.  Exposed  in  northerly  slopes  300 
feet  or  more  below  summit. 

9.  Drab  indurated  calcareous  deposit,  dips  southwesterly  at  a  steeper 
angle,  but  showing  obscure  exposures. 

It  will  be  observed  that  the  strata  at  this  locality  exhibit  considerable 
variability  in  the  direction  and  rate  of  strike  and  inclination,  with,  how- 
ever, marked  conformity  to  the  ridges  on  the  southwest,  showing  that 
their  upheaval  was  due  to  the  same  set  of  dynamical  actions  which 
folded  the  Mcsozoic  strata  in  the  ridges  of  Stations  III  and  IV.  The 
limestones  No.  1,  from  their  fossil  contents,  are  probably  referable  to 
late  depositions  of  the  Carboniferous  period.  But  owing  to  the  insuffi- 
ciency of  our  data,  in  consequence  of  the  isolated  position  of  the  ridge, 
it  becomes  a  matter  of  conjecture  in  attempting  the  correlation  of  these 
beds  with  deposits  elsewhere  observed  in  this  region  and  their  connec- 
tion with  undoubted  Mesozoic  deposits  which  outcrop  at  a  distance  and 
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on  the  western  slope  of  the  highlands,  to  bring  the  whole 
jible  relationship,  Hence  I  have  preferred  to  give  a  rather 
mt  of  the  facts  observed,  which,  in  connection  with  the  sec- 
m,  will,  I  trust,  be  readily  understood, 
two  and  three  miles  northwest  of  Higham's  Peak,  in  the  low 
u  of  the  little  stream  which  descends  from  this  point  into  tide 
posure  reaching  several  hundred  feet  in  thickness,  consisting 

reddish,  thin-bedded  sandstone  was  observed,  dipping  35°, 

Half  a  mile  lower  down  the  stream,  a  less  extensive  outcrop 
sandstone  shows  an  inclination  N.  35°  E.,  at  an  angle  of  00°. 
sits  are  probably  identical  with  the  sandstones  north  of  the 
a  couple  of  miles  east  of  Fort  Hall,  mentioned  on  a  preceding 
y  are  here  seen  to  fonn  a  low  ridge  of  hills,  which  in  a  short 
the  northward  sinks  beneath  the  high  volcanic  benches  which 
>uchure  of  the  Blackfoot  and  which  occupy  a  wide  belt  along 

margin  of  the  highlands  descending  to  the  Blackfoot.  Wher- 
sandstones  are  exposed  in  this  western  border  belt  on  the 
;he  plain  they  show  unmistakable  signs  of  confused  disturb- 
i  in  certain  localities  seem  to  amount  to  non-conformity  with 
c  limestones  in  their  immediate  neighborhood.  But  not  the 
ridenee  of  an  organic  nature  was  detected  by  which  their 
ye  fixed,  while,  as  above  iutimated,  the  other  evidence  is  so 
i  to  afford  little  light  in  so  important  a  determination, 
utheast  a  group  of  low  hills  and  upland  basins  intervene  be- 
Blackfoot  and  the  southern  portion  of  the  highland  divide 
ribed,  which  on  the  east  show  tilted  Jurassic  limestones  and 
i,  inclining  southwesterly,  and  which  belong  to  the  south- 
nk  of  the  system  of  folds  just  across  the  Blackfoot  in  the 
Stations  XII  and  XIII,  hereafter  to  be  described,  and  which 
ly  intimately  related  to  the  disturbed  belt  between  Stations 

There  are  two  principal  upland  swells,  separated  by  shallow 
ch  drain  north  into  the  Blackfoot,  the  western  basin  also 
nth  into  the  Portneuf.  The  eastern  basin  is  floored  by  basalt, 
estern  one  shows  stretches  of  marshy,  bitter  flats,  borderea 
tfhes,  with  extensive  spring  deposits  of  calcareous  tufa  which 
rm  quite  extended  benches  in  the  borders  at  the  foot  of  the 
livities.  The  springs  which  built  up  the  latter  deposits  have 
lost  extinct,  though  a  few  feebly -flowing  ones  are  still  to  be 

srn  ridge  is  based  on  the  Jurassic,  which  to  the  southward 
ses  up  into  more  prominent  ridges.  But  in  this  quarter  the 
mass  consists  of  the  light  marls  and  white  limestones  of  the 
liieli  dip  20°  to  25°,  N.  30°  E.,  the  summits  of  the  ridges,  as 
XXX,  being  formed  of  cappings  of  trachyte  and  basaltic 
ing  in  the  direction  of  the  Blackfoot,  or  northeasterly  at  an 
°  to  20°.  Hence  the  tilting  of  these  late  Tertiary  beds  must 
m1  to  forces  acting  elsewhere  than  in  the  belt  of  Jurassic  folds 
ic  Blackfoot  in  Station  XIII.  The  light  cream -colored  lxme- 
erforated  with  the  numerous  molds  of  fresh- water  gastropoda. 
'  Melanial  beiug  especially  abundant  and  often  the  only  fossil 
ese  beds.  Both  in  their  lithology  and  organic  remains,  these 
nmistakably  like  deposits  observed  by  Dr.  Hayden,  in  1871,. 
►n  of  Great  Salt  Lake  Basin  to  the  south,  and  which  are  also 
by  Professor  Bradley,  who  visited  the  same  districts  during 
ig  season,  where  they  are  referred  to  late  Tertiary  or  Pliocene 

s 


338     REPORT  UNITED  STAINS  GEOLOGICAL  SURVEY. 

The  broader  upland  ridge  next  west  is  covered  with  a  fine  soil,  with 
some  water-worn  debris  of  red  sandstone,  quartzite,  and  gray  lime- 
stone.   On  the  western  border,  in  the  ravines  which  cut  the  abrupt 
slope  on  this  side,  heavy  ledges  of  conglomerate  are  met  with,  dip- 
ping 10°  to  20°  in  a  northeasterly  to  southeasterly  direction,  and 
reaching  a  thickness  of  at  least  300  feet,  probably  much  more.    These 
deposits  are  quite  variable  in  their  lithological  aspect,  sometimes  appear- 
ing as  coarse  sandstones  easily  crumbling,  again  showing  a  conglom- 
erate structure  made  up  of  water-worn  pebbles  and  small  bowlders  of 
quartzite,  limestone,  trachyte,  and  basalt,  arranged  in  more  or  less  dis- 
tinct layers  and  cemented  with  a  fine  light-drab  paste.    The  deposit  ia 
probably  identical  with  similar  accumulations  occurring  elsewhere  in. 
this  region,  which  have  been  provisionally  referred  to  volcanic  origin- 
To  the  north  the  ridge  rises  into  a  high  point,  which  is  capped  by~ 
westerly -inclined  volcanic  ledges,  and  which  once  formed  a  continuous 
sheet  with  the  wide  belt  of  flows  filling  the  Blackfoot  Valley. 

BLACKFOOT  RANGE. 

Parallel  with,  and  lying  a  few  miles  to  the  northeast  of,  the  canon 
course  of  Blackfoot  River,  the  country  rises  into  a  low  range  of  moun 
ains,  which  forms  the  divide  between  the  latter  stream  and  a  wid  _ 
basin  which  drains  northward  through  Willow  Creek  into  the  Snak  _z 
Plain.  This  range,  known  as  the  Blackfoot  Mountains,  has  a  nortl_  j 
northwest  and  south-southeast  extent  of  some  20  to  25  miles,  and  wit  - 
the  lower  parallel  ridges  on  the  west  a  breadth  of  4  to  7  miles.  To  th^: 
south  the  main  ridge  gradually  sinks  into  a  low  plateau  and  level  liasi  M 
expanse,  through  which  lies  the  upper  course  of  Blackfoot  River  ai. 
the  sources  of  Willow  Creek,  while  to  the  north  it  divides,  sending 
a  low  rocky  spur,  across  which  Wolverine  Creek  has  cut  a  pieturesqi: 
canon,  the  eastern  and  more  rugged  branch  culminating  in  Blackti 
Peak,  a  high  dominating  poiut  near  the  northern  end  of  the  rang* 
which  attains  an  altitude  of  7,400  feet,  or  about  2,600  feet  above  ti 
Snake  Plain.  The  southwestern  face  of  the  range  presents  a  compa 
tively  bare,  rocky  escarpment,  the  opposite  slope  falling  away  in  succe 
sively  lower  branches,  and  is  more  or  less  densely  clothed  with  pine  aiiM 
spruce  forests  and  thickets  of  undergrowth. 

Our  route  of  approach  followed  the  Blackfoot,  which,  just  before 
emerges  into  the  plain  at  the  northern  bend,  has  cut  a  deep  narro  ~~ 
gorge  through  the  volcanic  rocks  which  incline  at  a  moderate  angle  r~ 
the  direction  of  the  plains,  and  which  form  the  coping  of  a  line  of  binf 
along  the  west  side  of  the  Blackfoot  above  the  canon,  south.    In  tl~ 
lower  walls  of  this  canon,  Dr.  Hayden,  who  visited  the  locality  in  187 
found  heavy  ledges  of  rusty  weathered  quartzite,  overlaid  by  Carbonife- 
ous  limestone,  all  dipping  steeply  to  the  northeast.    In  the  north  side 
this  canon  the  way  passes  high  up  over  the  basaltic  ledges,  which  bn 
the  sedimentaries  beneath  an   accumulation  of  several  hundred  fe 
thickness  of  volcanics. 

Wolverine  Creek  joins  the  Blackfoot  at  this  point  from  the  east,  i 
lower  course  lying  in  a  narrow  valley  with  sloping  debris  benches  < 
either  hand,  on  the  north  covered  with  cedars  and  merging  into  the  v 
canie  foreland,  which  sweeps  down  to  the  level  of  the  plain  in  that  dire 
tion,  the  south  side  acclivities  rising  in  smooth,  grassy  curves  up  in 
isolated  trachytic  domes  which  mark  the  remnant  of  a  once  exteusi 
flow  dating  back  to  the  earlier  period  of  volcanic  activity. 

The  first  limestone  ridge,  or  the  western  spur  of  the  Blackfort  Ranp~ 
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I  reached  in  about  four  miles  from  the  mouth  of  the  creek,  and  it  is  b 
:en  through  at  this  point  by  a  narrow  gorge,  which  is  walled  in  by  p: 
ipitous  exposures  or  Carboniferous  limestone,  dipping  at  angles  of  4 
o  60°,  southwestward.    A  short  distance  to  the  northward  of  the  Wc 
eriue  Canon  the  limestone  ridge  ceases,  the  volcanics  rising  up  a 
tround  the  northern  end  of  the  range,  where  the  edges  of  the  upraised  bi 
alt  are  shown  in  abrupt  benches  facing  the  range  and  sloping  oft'  towan 
he  plain  in  a  series  of  brdad,  gentle  terraces.    The  cavernous  rock: 
idge  harbors  multitudes  of  rattlesnakes  whose  magnanimous  alarm  wat 
i  continual  warning  to  exercise  wariness  while  prosecuting  geological 
itudies  in  their  neighborhood. 

The  Wolverine  opens  out  into  a  beautiful  little  mountain-basin  wedged 

n  between  the  two  branches  of  the  range,  on  the  south  bounded  by 

Tigged,  wooded  hills,  which  send  down  sharp  spurs,  and  on  the  north 

mdulating  grass-covered  slopes  interspersed  with  groves  of  aspen  de- 

>eend  from  a  high  ridge  on  the  north  in  which  obscure  indications  of 

imestone  ledges  and  heavy  masses  of  vesicular  trachytic  lava  are  seen. 

Phis  basin  is  about  2  miles  across.    To  the  northeast  an  isolated  cluster 

>f  hills  culminates  in  Blackfort  Peak,  the  whole  southwest  flank  of  which 

s  plated  with  several  hundred  feet  thickness  of  limestone  and  siliceous 

ieds,  probably  belouging  to  the  upi>er  measures  of  the  Carboniferous. 

lie  outcropping  edges  of  the  several  ledges  form  the  crests  of  so  many 

purs  descending  from  the  summit  and  in  the  southwest  flank  of  the 

lountain,  cut  by  narrow  ravines  with  intervening  broad  ridges  which 

ill  steeply  into  the  valley  over  the  inclination  plane  of  the  beds.    On 

tie  northeast  side  the  mountain  descends  even  more  abruptly,  the  face 

eing  broken  by  outcropping  edges  of  limestone,  into  a  deep  valley 

Inch  separates  it  from  the  low  outlying-hills  in  that  direction.    Hence 

is  seen  that  the  Blackfoot  Peak  forms  the  crest  of  a  monoclinal  whose 

is  lies  in  a  general  northwesterly  and  southeasterly  direction,  the 

•ata  varying  in  strike  from  W.  35°'  N.  to  N.  15°  E.,  and  dipping  west- 

y  and  southwesterly  at  angles  of  from  25°  to  4o°,  even  becoming  more 

eply  inclined  toward  the  southwest  foot  of  the  mountain.    The  section 

\erved  at  this  locality  exhibits  the  following  series  of  strata,  the  ac- 

ipanying  diagram  connecting  the  two  great  spur-branches  of  this 

t  of  the  range  along  a  line  E.  N.  E.  and  W.  8.  W. 

rtion  across  the  Blackfoot  Range  through  Blackfoot  PeaJe,  Station  VI. 

Bluish  limestone  dibris  in  slopes  of  ravine  southwest  foot  of  Black- 
Peak. 

Intensely  hard  dark  bluish-gray  hornstone,  standing  nearly  vertical, 

crossing. the  foot  of  the  mountain  in  a  N.  W.  and  8.  E.  direction. 

*lge  sometimes  weathers  in  two  parallel  combs,  perhaps  10  feet  in 

»ess,  and  which  may  be  traced  some  distance,  appearing  like  a  dike 

up  in  the  surface  of  the  slope. 

off  siliceous  debris,  or  quartzitic  fragmentary  sandstone, 
luish-gray  siliceous  limestone,  containing  small  crinoidal  columns; 
v  ledge,  dipping  southwestward  at  an  angle  of  45°. 
iff  and  bluish,  fragmentary  siliceous  beds  or  quartzitic  sandstone, 
•  a  heavy  bed. 

lish-gray,  heavy-bedded,  spar-seamed,  cherty  limestone,  inter- 

*1  with  buff  siliceous  layers,  containing  obscure  traces  of  fossils, 

Hemipronites,  Athyris.    This  set  of  beds  rises  up  into  the  sum- 

ation  VI,  where  they  incline  at  an  angle  of  35°,  8.  35°  W.    At 

ovel  on  the  northwest  spur,  the  same  beds  dip  45°,  W.  15°  8. 


340      REPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

7.  Gray,  spar-seamed  limestone,  appearing  in  the  northeast  face  of  the 
mountain  in  successive  low  mural  exposures. 

The  vertical  thickness  of  the  beds  exposed  in  Blackfoot  Peak  is  diffi- 
cult to  estimate  with  a  degree  approaching  nearer  than  a  rough  approx- 
imation: but  it  probably  amounts  to  above  2,000  feet,  including  the 
upper  siliceous  horizons  of  the  Carboniferous,  but  not  showing  the  super- 
im]>osed  "  red-beds,"  or  Trias,  but  which,  it  is  believed,  may  exist  between 
the  two  main  ridges  of  the  range  at  this  locality.  The  connection  of  the 
beds  occurring  in  this  eastern  ridge  with  the  Carboniferous  ledges  which 
make  up  the  west  or  Wolverine  ridge  was  not  actually  traced,  the  inter- 
vening space  in  the  upper  basin  of  Wolverine  Creek  showing  no  out- 
cropping ledges  from  beneath  the  detrital  materials  wlueh  compose  its 
rounded,  grassy  slopes ;  but  it  seems  highly  probable  that  the  beds  com- 
posing the  latter  ridge  occupy  a  lower  stratigraphic  position  than  the 
crest-ledges  in  Blackfoot  Peak,  and  to  account  for  their  present  relative 
position  it  seems  within  reason  to  infer  either  the  existence  of  a  line  of 
dislocation  of  the  strata,  or,  perhaps,  a  fold,  the  axis  of  which  lies  within 
the  area  included  in  the  depression  of  the  upj>er  basin  of  the  Wolverine. 
The  latter  supposition  is  hinted  in  the  section  across  the  range  along  the 
course  of  the  Wolverine,  given  in  an  accompanying  diagram,  and  it  would 
appear  to  be  the  more  plausible  of  the  two  inferences  in  explanation  of 
the  stratigraphic  relations  of  the  east  and  west  ridges. 

The  view  from  Blackfoot  Peak,  which  is  rather  conspicuous  from  its 
isolation  than  on  account  of  its  relative  height,  is  both  extensive  and 
very  fine.    Although  our  first  view  of  the  Tetons  was  had  from  Mount 
Putnam,  nearly  30  miles  to  the  southwestward,  from  the  present  mount- 
ain the  first  objects  that  arrest  the  attention  are  the  great  obelisks 
which  dominate  our  district  and  which  rise  up  grandly  away  to  the 
northeastward  CO  miles  distant,  their  pedestal  of  mountain  plateau,  at 
this  season  of  early  summer,  showing  nearly  an  unbroken  field  of  snow, 
above  which  the  bare  rocky  cones  spring  to  heights  12,000  to  near  14,000 
feet  above  the  sea.    Intervening,  the  lower  range  of  the  Snake  River 
Mountains  hides  the  great  foreland  slopes  of  the  Teton  Range,  and  nearer 
still  a  belt  of  wild,  broken  hills,  and  a  broad  basin-depression  with 
isolated  low  ridges,  mark  the  position  of  the  Caribou  Range  and  Willow 
(.■reek  basin,  which  occupy  the  country  between  the  Snake  River  Rauge 
and  the  Baekioot  Mountains.    The  northern  termini  of  all  these  mount- 
ain and  hill  ranges  present  the  voleanies  gently  upraised  in  successive^* 
benches,  which  sweep  down  in  graceful  curves  into  the  great  plain  o 
the  Snake,  the  same  on  the  Blackfoot  Mountains  as  on  the  Caribou  am 
Snake  River  Ranges  and  the  lesser  ridges  in  the  foreground.     To  th 
south  the  wooded  ridges  of  the  southern  continuation  of  the  main  ridg 
of  the  Blackfoot  Range  shut  out  the  view  and  a  clearer  exhibition  otf 
the  geological  features  alike. 

In  the  foreground  just  to  the  east  of  Blackfoot  Peak  occurs  a  narrow  behW 
of  low  ridges,  in  whose4  southwest  slopes  obscure  outcrops  of  soft  yellow- 
bull' deposits  in tcrki minuted  with  harder  layers,  occur,  overlaid  by  varie- 
gated pale-reddish  clays  in  bands,  dipping  off  to  the  northeast  at  a  mod — 
crate  single  of  inclination,  and  making  up  a  thickness  of  several  hundrec^K 
feet.    In  the  absence  of  fossils  it  may  be  a  matter  of  conjecture  in  assign — 
ing  these  deposits  to  their  proper  place  in  the  geological  scale,  while  theirs 
relations  to  the  Carboniferous  beds  in  the  monoeliual  ridge  from  whos 
foot  they  incline  is  enveloped  in  some  uncertainty  from  the  same  cause 
They  are  believed  to  be  the  equivalent  of  certain  deposits,  possibly  rep 
resenting  early  Tertiary  or  Laramie  Group  beds;  but  their  position  i 
relation  to  the  well-determined  age  of  the  beds  in  the  mountain  crest  i 
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not  so  clear.  Their  tilted  condition  points  to  a  time  of  elevation,  but 
whether  it  was  contemporaneous  with  that  which  uplifted  the  Carbon- 
iferous beds,  or  whether  it  marks  a  later  period  of  elevation  in  the  range 
or  subsidence  in  the  basin  area  along  its  eastern  foot,  our  examination 
failed  to  show.  To  the  south,  where  we  touched  the  range,  the  slopes 
he  over  debris  and  volcanic  deposits  which  effectually  conceal  the  un- 
derlying rock  strata,  until  gaining  the  higher  portions  where  the  Car- 
boniferous again  appear,  and  which  constitute  the  bulk  of  the  range 
throughout. 

South  of  the  Wolverine  gorge,  4  or  5  miles,  the  range  is  again  cut  by 
Elder  Creek  Canon,  a  branch  of  which  also  rises  in  the  range  just  south 
of  Station  VII,  in  which  similar  exhibitions  of  Carboniferous  limestones 
were  observed.    In  the  summit  of  Station  VII  a  thickness  of  a  hundred 
feet  or  more  of  dark  bluish  and  gray,  spar-seamed,  cherty  limestone  is 
exposed,  the  ledges  dipping  west  of  south  at  an  angle  of  30°  to  40°.    To 
the  north  the  strike  seems  to  trend  more  to  the  northeast,  at  one  point 
noted,  E.  15°  to  25°  ST.,  the  strata  uniformly  dipping  to  the  southward 
at  angles  ranging  from  25°  to  40°.    A  heavy,  even-bedded,  dark  bluish- 
gray,  rather  coarse,  even-textured  limestone,  with  drab  thin-bedded  or 
shaly  partings,  forms  the  upi>er  50  feet  of  the  summit,  and  is  charged 
with  fossils  of  a  Lower  Carboniferous  fades,  a  large  and  small  species  of 
Zaphrentoid  corals,  Clweteten  f  titictopora,  Fenestella,  Polypora,  8pirifery  &c 
Chi  the  surface  of  a  layer  only  a  few  feet  below  the  crest,  ex]>osed  in  a 
narrow  shelf  on  the  northeast  side  of  the  ridge,  a  few  species  of  Selachian 
teeth  were  found,  representatives  of  the  genera  Antliodus,  Pctalodus, 
Cladodus,  Helodus,  and  fragments  of  Deltodus.    The  discovery  of  the 
latter  fossils,  fonns  with  which  I  had  previously  acquired  some  familiar- 
ity, was  like  meeting  old  acquaintance;  and  to  one  familial- with  the 
occurrence  of  similar  remains  in  the  Lower  Carboniferous  rocks  of  the 
^Mississippi  Valley,  their  presence  here  afforded  nothing  in  contrast  with 
their  abundant  prevalence  and  association  in  some  of  the  lower  members 
of  the  earlier  period  of  the  Carboniferous  in  the  region  of  the  Upper 
Mississippi.    Indeed,  the  occurrence  of  the  fossils,  as  also  the  lithological 
oiiaracter  of  the  rock,  to  say  nothing  of  the  specific  relations  of  the  cor- 
als, mollnsks,  and  fishes,  is  so  like  what  obtains  in  the  Keokuk  lime- 
stone of  the  east  as  at  first  thought  to  preclude  the  supposition  of  mere 
r-esemblances  instead  of  actual  identity.    But,  unfortunately,  it  was  not 
possible  to  ascertain  with  precision  the  exact  position  of  these  deposits 
ill  tbe  few  thousands  of  feet  which  sum  up  the  thickness  of  the  Carbonif- 
erous rocks  of  this  region ;  more  than  that  the  present  beds  undoubtedly 
occur  low  in  the  series,  and  their  contained  fossils  have  not  as  yet  afforded 
&  single  form  peculiar  to  the  Upper  or  Coal-measure  division  as  it  is 
E^ecoguized  in  the  Western  States.    In  the  instance  of  the  fish-remains 
«ix>ve  alluded  to,  the  facts  are  still  more  strongly  in  favor  of  the  Lower 
Gsirboiiiferous  age  of  these  beds;  one  of  the  genera,  Antliodus,  being 
confined  in  its  vertical  range  to  the  lower  division,  while  of  the  other 
forms  found  not  one  is  referable  or  even  nearly  allied  to  Upper  Carbon- 
iferous species. 

The  whole  southwest  slope  of  the  mountain  at  this  locality  is  composed 
a  facing  of  Carboniferous  limestone.  The  steep  slopes  lower  down  are 
»tT"cwn  with  more  or  less  water- worn  d6bris,  consisting  of  limestone,  red- 
clish  sandstone,  and  quartzite  pebbles,  which  in  the  debouchures  of  the 
little  streams  are  molded  into  terraces.  At  the  foot  of  the  ridge  the 
«somitry  rapidly  slopes  away  and  soon  enters  the  regioii  of  the  bordering 
^olcanics  which  fill  the  Blackfoot  Valley  at  this  i>oiut,  and  which  rise  in 
**>ug,  grassy  ascents  into  the  smooth,  rounded  hills  capped  by  trachytes 
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which  show  here  and  there  in  reddish  tegmental  ledgta.  The.ooontiy 
is  covered  with  a  brownish-buff  soil,  which  sustains  a  good  growth  of 
excellent  herbage.  Little  streams  of  pure  water  flow  down  from  the 
range,  opening  intopretty  intervales  bordered  by  willows  and  ponded 
by  beaver-dams.  We  were  inclined  to  imagine  it  a  sort  of  Arcadia,  in  * 
which  the  rough  duties  of  our  every-day  life  were  blended  with  unex- 
pected exhibitions  of  latent  sentiment,  transforming  the  camp  into  sem- 
blance of  home,  which  with  regret  we  daily  abandoned,  only  to  find  the 
next  spot  equally  pleasantly  selected  and  our  evening  board  decorated 
with  charming  floral  displays,  the  welcome  almost  daily  prepared  na  by 
our  young  men.  ^^ 

Between  Stations  VII  and  VIII  the  crest  of  the  range  trends  move  to 
the  southeast,  and  is  broken  down  in  a  wide  recess  which  opens  south- 
westerly into  the  Blackfoot  Valley,  and  which  is  filled  with  smooth,  wave- 
like hills,  which  rise  in  successive  benches  and  culminate  in  trachyte- 
crowned  summits  but  little  lower  than  the  crest  of  the  main  range.  One 
of  these  eminences,  situated  in  the  mouth  of  the  recess,  and  nearly  in 
line  with  and  almost  midway  between  Stations  VII  and  VIII,  oonsists 
of  brownish-red  and  drab  trachytic  rock,  which  occurs  both  in  large 
blocks,  rounded  by  atmospheric  action,  exfoliating  in  concentric  layers, 
and  in  thin,  even-bedded  layers,  which  gently  incline  north-northeast, 
The  break  drains  west  by  Elder  Creek,  and  south  by  a  similar  affluent, 
Gravel  Creek.  To  the  northwestward,  the  sections  exposed  in  the  ra- 
vines show  the  limestone  strata  in  nearly  horizontal  position,  or  gently 
inclined  from  east  to  west;  but  this  appearance  is  due  to  the  course  of 
the  caHons  following  nearly  the  direction  of  strike  of  the  ledges,  which 
are  elsewhere  observed  to  dip  in  a  general  south  westerly  direction  at 
angles  of  from  25°  to  G0°.  Ascending  the  southern  continuation  of  the 
range,  at  a  point  to  the  northwest  of  Station  VIII,  where  Gravel  Creek 
enters  a  part  of  its  course  sustained  by  a  huge  retaining-wall  of  lime- 
stone, through  which  it  breaks  near  the  foot  of  Station  VIII  and  flows 
out  southwesterly  into  the  valley,  the  Carboniferous  beds  again  appear 
in  force,  grayish-blue,  spar-sean&d  limestone,  with  crinoidal  columns 
and  Zaphrentis,  dipping  W.  5°  S.,  at  an  angle  of  30°.  The  same  beds 
form  the  wall  along  the  west  side  of  the  creek,  in  which  they  appear  in 
horizontal  lines  conforming  to  the  strike  of  the  strata,  and  weathered 
in  picturesque  castellated  forms,  pierced  with  caverns  and  apertures. 
The  mountain  slopes  steeply  to  the  stream,  its  face  buried  beneath  the 
angular  debris  fallen  from  above.  A  little  farther  to  the  southeast  these 
strata  have  trended  round  more  to  the  west,  dipping  35°,  S.  35°  W.  In 
the  saddle,  a  short  distance  northwest  of  Station  VIII,  the  axis  of  a  fold 
lies  near  and  parallel  with  the  crest,  the  beds  dipping  on  the  one  hand 
15°  to  25°,  N.  25°  to  35°  E. ;  and  nearer  the  station  the  crest  is  formed  of 
ledges  abundantly  charged  with  a  form  of  Lithostrotiany  Zapkrmti*,  Ac, 
and  dip  S.  30°  W.,  at  an  angle  of  40°.  Standing  on  any  part  of  the 
crest  in  this  vicinity,  the  wavering  direction  of  the  strike  of  the  rocks 
is  plainly  traced,  curving  in  and  out,  the  angle  of  inclination  gradually 
steepening,  until,  on  the  southwest  flank,  it  reaches  nearly  60°,  S.  50° 
W.,  but  so  variable,  even  in  this  short  distance,  that  only  the  aggregate 
of  many  observations  give  the  mean  of  the  rate  of  dip  and  direction  of 
strike  of  the  ledges  which  make  up  the  mountain  ridge.  Descending 
from  Station  VIII,  in  the  south  end  of  the  low  ridge  confining  Gravel 
Creek  to  the  foot  of  the  mountain  for  a  part  of  its  course,  and  just  south 
of  the  point  where  the  stream  forces  a  passage  through  to  the  valley, 
an  interesting  example  of  cleavage  is  seen,  which  at  first  sight  might  be 
mistaken  for  the  bedding.    The  limestone  rises  up  in  a  steep  face,  front- 
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ing  the  neighboring  mountain  slope,  as  though  the  beds  had  been  sud- 
denly upturned  or  overturned,  the  weathered  cleavage  structure  being 
so  marked  as  to  give  force  to  the  deception ;  but  a  careful  examination 
reveals  the  true  planes  of  bedding,  which,  though  obscure,  agree  with 
the  general  southwesterly  inclination  of  the  strata  in  the  adjacent  mount- 
ain declivity.  The  fossils  noted  in  these  beds  consist  of  crinoidal  re- 
mains, two  or  more  species  of  Zaphrentis,  a  Lithostrotion,  resembling  L. 
proliferuuij  though  distinct  from  that  form ;  tipirifcr,  and  Euomphalm. 
The  limestone  is  interlaminated  with  dark  cherty  bands,  and  more  or 
less  intersected  by  seams  of  calc-spar ;  at  one  point  ou  the  southwest 
shoulder  of  the  main  ridge  it  shows  an  intercalated  pale-reddish  sand- 
stone bed,  the  presence  of  which  is  regarded  as  indicating  the  approach 
to  the  upper  member  of  the  series,  as  it  seems  to  be  developed  in  this 
region. 

After  emerging  from  its  canon,  the  course  of  Gravel  Creek  crosses 
a  belt  of  roiling,  grassy  foot-hills,  which  form  rather  steep  bluffs  along 
the  stream  200  to  300  feet  in  height,  and  which  are  made  up  of  a  curious 
aggregation  of  coarse  materials  arranged  in  more  or  less  distinct  layers 
and  inclining  at  a  moderate  angle,  15°  to  20°,  in  the  direction  of  the 
mountain  barrier,  rising  to  the  southwest  and  terminating  in  low,  rounded 
domes  or  ridges.  These  deposits  are  made  up  of  an  aggregation  of  more 
or  less  abraded  fragments  of  reddish  sandstone,  drab,  and  dark-blue 
Carboniferous  limestone,  pebbles  of  white  calc-spar  and  chert,  held  in  a 
matrix  of  very  fine  pinkish  paste.  Where  it  shows  in  heavy,  weathered 
masses,  it  presents  the  appearance  of  a  breccia-conglomerate,  the  materials 
being  arranged  in  courses.  Sometimes  the  coarse  materials  are  replaced 
by  the  pinkish  paste,  wliich  often  weathers  away  leaving  miniature  cav- 
erns. These  deposits  api>eartohave  some  connection  with  the  voleanics 
of  the  vicinity,  and  from  the  nature  of  the  cementing  material  or  matrix 
it  seems  very  probable  that  their  relations  are  more  intimate  with  the 
trachytes  than  with  the  later  basaltic  Hows,  a  sort  of  volcanic  conglom- 
erate laid  down  in  water. 

Immediately  southeast  of  Gravel  Creek  a  shallow  trough  skirts  the 
foot  of  the  range,  gradually  deepening  its  bed  for  a  distance  of  two 
or  three  miles,  when  it  enters  a  deiiie  between  limestone  ridges,  in  wliich 
the  strata  incline  away  from  the  mountains  southwesterly.    The  glade- 
like upper  portion  of  the  little  valley  occupies  a  trough  whose  outer 
rim  is- formed  by  the  gently  southwesterly  upraised  breccia-conglom- 
erate, and  whose  surface  of  fine  soil  still  retains  traces  of  numerous 
but  long-abandoned  buffalo- wallows,  and  an  occasional  bleached,  half- 
inhumed  skulL    After  continuing  its  course  in  a  monoclinal  trough 
between  the  Carboniferous  limestone  ridges  a-  distance  of  a  mile  or  so, 
it  receives  an  affluent  from  the  mountains  and  suddenly  bends  south- 
westerly, and  thence  for  nearly  a  mile  it  pursues  its  course,  choked  with 
beaver-dams,  directly  across  the  barrier  ridge,  and  emerges  into  the 
valley.    Soon  after  entering  this  lower  gorge  the  limestones  are  observed 
to  dip  northeastwardly  at  an  angle  of  *M)°  to  40°,  the  strata  holding  the 
same  inclination  to  the  debouchure,  when*  the  lower  deposits  are  con- 
glomeritic,  which  latter  shows  a  low  outlier  on  the  west  side  of  the 
stream  a  little  lower  down.    Still  below,  the  breccia-conglomerate  again 
appears  in  the  steep  bluff  acclivities,  the  latter  deposit  also  dipping 
northeasterly.    These  latter  deposits  are  here  also  accompanied  by  the 
Peculiar  rounded,  bluffy,  superficial  features  before  mentioned  as  char- 
acteristic of  these  beds,  and  it  is  further  notable,  in  explanation  of  the 
relative  age  of  these  supi>osed,  in  part  at  least,  volcanic.  dei>osits,  that 
a*  won  as  we  gain  the  higher  slopes  just  to  the  southeast  the  surface  is 


344      REPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

based  upon  the  dark  steel-gray  basalt  which  farther  on  impinges  directly 
against  the  limestone  in  the  foot  of  the  mountain  at  Station  IX,  over- 
lying or  filling  eroded  depressions  in  the  breccia-conglomerate.  The 
basalt  slopes  gradually  to  the  westward  towards  the  Blackfoot,  forming 
the  walls  of  the  canon  in  which  the  stream  is  inclosed  along  this  part  of 
its  course.  The  upland  basaltic  slopes  are  generally  covered  with  a 
finely -pulverized  brown  soil,  which  nourishes  good  pasturage.  Occa- 
sionally on  some  of  the  higher  tables  areas  of  bare,  rough-weathered 
basalt  occur,  strewn  with  more  or  less  weathered  bowlder-like  masses  of 
the  same  rock.  We  do  not  again  meet  with  the  breccia-conglomerate 
nor  trachyte  after  leaving  the  Three-Pine  Creek  Canon,  the  basalt  thence 
continuing  southeasterly  all  along  the  southwest  foot  of  the  range  into 
the  upper  basin  of  the  Blackfoot.  But  the  recess  which  penetrates  and 
cuts  quite  across  the  range  in  this  vicinity  and  just  northwest  of  Sta- 
tion IX,  and  which  marks  the  site  of  an  anciently-eroded  depression 
across  this  part  of  the  range,  is  filled  with  herbage-covered  hills, 
whose  peculiar  imbricated  contour,  sloping  in  the  direction  of  the 
Blackfoot,  recall  the  characteristic  surface-features  associated  with  the 
breccia-conglomerate,  as  before  noted  on  Three- Pine  and  Gravel  Creeks. 
Farther  within  the  recess,  and  nearly  in  line  with  Stations  IX  and  X, 
a  sombre,  massive,  rounded  hill  forms  a  rather  prominent  landmark  in 
the  sag  of  this  part  of  the  range,  and  which  is  probably  also  of  volcanic 
origin.  In  this  connection  should  bo  remarked  the  resemblance  of  the 
above-mentioned  breccia-conglomerate  dei>osit8  to  certain  deposits  met 
with  west  of  the  Blackfoot,  near  our  southern  border,  described  in  a 
preceding  page,  and  which  will  probably  prove  to  be  identical,  and 
possibly  these  deposits  are  the  equivalent  of  the  interlaminated  Pliocene 
and  porphyritic  trachytic  beds  mentioned  by  Professor  Bradley  outlying 
the  Putnam  ridge  north  of  Ross  Fork  on  the  border  of  the  Snake  plain. 

To  the  southeast  of  Three- Pine  Creek  Caiion  the  range  gradually 
diminishes  in  height,  the  southwest  face  still  retaining  its  abrupt  charac- 
ter, the  opposite  side  of  the  range  falling  down  over  a  series  of  parallel 
wooded  ridges  into  the  volcanic  slopes  of  the  basin  to  the  northeast.  In 
the  southwest  flank  of  the  ridge,  at  Station  IX,  a  fine  exhibition  of  the 
Carboniferous  de]X)sits  is  met  with,  the  beds  lapping  up  on  the  mountain- 
side and  showing  a  series  of  dark  bluish-gray  limestones^  with  irregular 
nodular  masses  of  black  chert  and  spar  seams,  and  containing  Ctenacan- 
thux,  crinoidal  columns,  Zaphrentin,  Lithotrtrotion,  &c.  The  l>eds  in  this 
section  exhibit  quite  variable  direction  of  strike  and  degree  of  inclina- 
tion, scarcely  two  exposures  agreeing,  although  showing  a  near  approx- 
imation to  a  dip  ranging  from  125°  to  40°,  S.  40°  W.j  the  variation  in 
strike  ranging  from  S.  10°  E.  to  S.  50°  W.,  as  determined  fronr  exposures 
near  the  crest  and  in  the  outlying  ridges  to  the  northeast,  while  at  other 
points  in  the  west  slope  the  beds  locally  dip  at  various  angles,  45°  to  70°, 
S.  10°  \Y.  On  the  southwest  slope,  however,  the  beds  are  much  inter- 
sected by  cleavage  and  joint  structure,  greatly  obscuring  the  true  bed-  — 
ding,  which  at  few  points  is  satisfactorily  revealed.  To  the  northwest  <sz 
of  the  station  an  intercalated  bed  of  pale-reddish,  fine-grained,  laminat-  - 
ed  sandstone,  almost  a  quartzite,  shows  in  much  broken  up  exposures,  - 
which  hold  a  position  beneath  the  limestone  occurring  in  the  crest  at  the  -* 
station.  As  before  mentioned,  the  basalt  of  Blackfoot  Valley  is  seen 
but  a  short  distance  from  the  foot  of  the  mountain,  and  it  doubtless  im- 
pinges against  the  limestones  at  this  point.  To  the  northeast  similar 
basaltic  flows  rise  even  higher  on  the  flank  of  the  mountains  on  that 
side,  concealing  the  character  of  the  sedimentaries  in  that  quarter. 

From  the  summit  of  Station  X,  which  occupies  the  highest  southern 
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point  of  the  range  one  mile  southeast  of  Station  IX,  from  which  it  is 
separated  by  an  intervening  depression,  a  comprehensive  view  of  the 
range  to  the  northwest  is  gained,  sharply  bringing  out  the  volcanic-filled 
recess  between  Three-Pine  Creek  and  Station  IX,  and  a  wide  belt  of 
the  range  stretching  between  Station  VIII  and  Blackfoot  Peak,  more  to 
the  north.    On  leaving  the  basaltic  bench,  in  the  southwest  foot  of  the 
ridge  three-fourths  of  a  mile  from  the  summit  occurs  a  heavy  deposit  of 
fragmentary  buff  siliceous  rock,  interbeddcd  with  bluish  and  gray  spar- 
seamed  and  sometimes  brecciated  limestone  beds,  succeeded  nearer  the 
crest  and  in  the  northeast  slope  by  siliceous  limestones,  which  make  up 
the  entire  bulk  of  the  ridge.    The  limestones  afford  characteristic  Car- 
boniferous fossils.    The  prevalence  of  minute  forms,  chiefly  Gasteropoda 
and  a  few  Lamellibranchs,  strongly  recalling  the  faunal  characteristics 
of  the  Warsaw  beds  of  the  Lower  Carboniferous  in  the  region  of  the 
Upper  Mississippi.    There  was  also  found  here  in  some  numbers  a  minute 
Foraminiferous  form,  which  is  quite  unique.    The  section  of  these  depos- 
its in  Station  X  ridge  reaches  a  vertical  thickness  of  above  2,000  feet. 
Although  exhibiting  local  eccentricities  which  indicate  that  the  beds 
have  undergone  a  degree  of  crumpling,  the  inclination  of  the  strata  is 
quite  uniform  to  the  northeastward,  or  ranging  from  15°  to  70°,  N.  10° 
to  70°  E.    Looking  toward  Station  IX  ridge  from  this  point,  it  is  evi- 
dent that  the  strata  in  Station  X  belong  to  the  northeast  flank  of  a  fold 
lying  to  the  southwest  of  that  which  runs  through  the  former  station, 
and  that  the  intervening  depression  occupies  the  position  of  a  synclinal, 
which  may  correspond  to  the  synclinal  depression  observed  along  the 
np]>er  course  of  Three-Pine  Creek,  before  referred  to. 

Passing  along  the  mountain  ridge  to  Station  XI,  2\  miles  to  the  south- 
3outheast,  the  same  series  of  upper  limestones  continue,  showing  the 
same  general  inclination,  or  dipping  at  an  angle  of  30°  to  45°,  N.  15°  to 
1 5°  E.  In  the  crest  at  Station  XI  the  rock  is  a  rough  weathered  blue 
uid  gray  silicious  limestone,  bearing  Prodncti  and  Stictopora,  and  dip- 
ring  30°,  N.  20°  E.  This  point  is  about  the  last  high  eminence  on  the 
•Bug?-,  to  the  southeast  of  which  the  country  rapidly  approaches  the 
condition  of  a  low  divide,  which  projects  southward  into  the  basin  of  the 
Slackfoot.  Descending  the  southwest  flank  of  the  ridge,  two  lower  par- 
Uel  ridges  are  crossed  before  gaining  the  basaltic  plain,  in  the  first  of 
rliich  appears  a  brown-stained  grayish  limestone  and  fine  indurated 
reiiaceous  shaly  layers,  containing  obscure  casts  of  Lamellibranchs 
Aviculopectenf),  IAngula,  &c,  the  strata  inclining  at  an  angle  of  30°,  N. 
5°  AV.  But  in  the  spur  just  to  the  westward,  corresponding  to  this 
Ldge,  the  same  ledges  are  tilted  to  a  nearly  vertical  position,  or  dipping 
D°,  X.  30°  E.  These  ledges  are  traced  some  distance  along  the  face  of 
lie  rid#e,  the  strike  curving  in  and  out,  and  often  forming  low  combs 
r  hog-back  outcrops,  the  extent  of  the  exposure  reaching  several  hun- 
red  feetj  though  difficult  to  determine  with  accuracy.  The  outlying 
nd  but  little  lower  ridge,  which  is  less  than  half  a  mile  distant  from 
tie  former,  is  aj)parently  made  up  of  similar  deposits,  showing  brownish- 
ad  shaly  sandstone  and  dark,  slightly-gritty  limestone,  which,  in  the 
crathwcstern  slope,  facing  the  valley,  dips  45°,  S.  20°  \V.  Hence,  in 
asking  from  one  ridge  to  the  other,  the  axis  of  an  abrupt  anticlinal  fold 
j  crossed.  Such  evidence  as  is  afforded  by  flie  poor  condition  of  the 
t>S8ils  and  the  lithological  pecularitics  of  the  beds  almve  described  seems 
o  leave  little  doubt  as  to  their  Jurassic  age ;  but  to  account  for  their 
position  in  relation  to  the  Carboniferous  ledges  which  form  the  mass  of 
:be  main  mountain  ridge  against  which  the  Jurassic  ImmIs  impinge,  hold- 
ing nearly  the  same  inclination  along  the  northeast  Hank  of  the  aiiti- 


546  HEPOHT  UHTTBD  STATES  QKOLOfHCAX.  BUBTKT.       .;'t""* 

olinal,  recourse  must  be  bad  to  soniethii  .  more  than  mere  folding  of  tbe 
strata,  a  force  wfaicb  severed  their  atntigraphic  continuity  by  B  bolt, 
-with  a  downthrow  on  the  southwest  amounting  probably  to  at  lea  ■■■■(  two 
or  three  thousand  feet  The  strata  in  tin-  adjacent  mountain  rn-st  imiy 
be  safely  regarded  as  holding  a  positioii  below  the  middle  of  the  Car- 
boniferous aeries,  as  developed  in  this  region,  and  the  downthrow  has 
involved  the  remaining  upper  portion  of  the  Carboniferous,  tbe  whole 
of  the  Trias,  and  the  lower  measures  of  tin  Jurassic.  Tracing  the  ionise 
of  the  fault,  it  apparently  soon  runs  out  i  uto  (lie  Mackfoot  Valley  to  tlie 
northwest,  while  hi  the  opposite  direoti>>.i  it  skirts  the  southwest  Hunk 
of  the  Blackfbot  Range  and  disappears  beneath  the  volt-anks  which  en- 
velope the  southern  tenninna  of  the  range. 

Passing  around  the  southern  end  of  the  Blackfbot  Range,  onr  way  ted 
np  over  a  higbiah  platform  of  basalt,  which  appeared  In  rugged,  sombre 
exposures,  and  at  one  point  presented  the  appearance  of  a  cascade,  the 
igneous  matter,  as  it  were,  having  overflowed  a  depression  from  the  east- 
ern basin,  forming  a  connection  with  the  flow  that  filled  tbe  BlaeUbot 
Valley.  This  locality  may  be  in  the  neighborhood  of  three  miles  south- 
eastward of  Station  XL  Immediately  to  the  south,  in  the  snnunlt  of 
the  low  divide  in  which  the  range  is  continued  a  little  farther,  the  bluish- 
gray  spar-seamed  Carboniferous  limestones  show  in  limited  exposures, 
dipping  off  to  the  northeast ;  and  still  farther  to  the  southward,  in  the 
extreme  end  of  the  divide  facing  the  upper  basin  of  the  Blackfbot,  at 
a  later  date  of  onr  visit  similar  deposits  were  observed  to  form  a  syn- 
.  ctinal,  the  axis  of  which  lies  a  little  to  the  southwest  of  the  crest  of  the 
divide,  which  here  rises  in  a  gentle  swell  -but  little  elevated  above  the 
higher  benches  of  basalt  which  lap  np  on  and  surround  the  sediment 
anes. 

From  such  data  as  we  were  able  to  obtain,  it  is  apparent  that  tins 
little  mountain  range  possesses  a  geological  history  not  so  simple  at 
might  at  first  appear.  Examined  at  one  point,  its  structure  might  be 
interpreted  as  a  simple  monocline!  ridge,  resulting  from  the  degradation 
and  complete  removal  of  the  opposed  side  of  an  anticlinal  fold ;  again,  it 
shows  a  similar  structure,  but  which  is  clearly  due  to  faulting  and  a  con- 
sequent downthrow  of  many  hundred  feet;  and  elsewhere  its  principal 
ridge  conforms  to  the  axis  of  greatest  elevation  at  one  point,  and  at 
another  the  reverse  is  true,  where  the  crest  occupies  tbe  axis  of  a  syncli- 
nal. And  with  all  this  diversity,  which  might  be  readily  deciphered  in 
detail  otherwise,  there  are  associated  entirely  different  geological  pro- 
ducts, which,  at  a  date  so  modern  as  to  have  been  introduced  at  a  time 
when  the  range  had  received  nearly  its  present  configuration,  half  buried, 
its  flanks  and  crept  into  and  tilled  its  valleys  with  flows  of  molten  rock; 
from  volcanic  sources  to  such  an  extent  that  their  remnants  as  found  to- 
day greatly  embarrass  the  study  of  the  dynamic  history  of  the  range,, 
not  only  by  hiding  beneath  their  rigid  surface  the  buried  sedimentariea, 
but  completely  isolating  this  narrow  zone  from  contiguous  and  similar" 
areas  of  disturbance,  the  inception  of  which  long  antedates  the  manifesta- 
tion of  this  widely  extended  and  comparatively  modern  epoch  of  vol- 
canic activity. 

There  remains  to  be  mentioned  a  small  area  of  isolated  hills  lying  be- 
tween the  Bhickfuot  River  and  the  Blackfbot  Kange,  which  is  appar- 
ently quite  cut  off  from  connection  with  neighboring  highland  areas  by 
the  basaltic  flow  which  fills  the  Blackfbot  Valley.  Withoot  showing  a 
distinct  topographic  crest  or  ridge,  yet  this  area  has  a  well-defined  drain- 
age axis,  winch  was  marked  out  by  the  nature  and  position  of  its  rocky 
foundation.    The  strata  were  found  to  strike  pretty  uniformly  about  B. 
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\5P  S.  by  W.  35°  N\,  varying  to  an  east-southeast  and  west-northwest 
ourse,  and  inclined  at  various  angles  to  the  north  and  southward,  the 
Irainage  generally  following  lines  corresponding  to,  and  in  many  in- 
tances  dependent  on,  the  strike  of  the  beds,  or  both.  The  southern  and 
outhwestern  portion  of  the  area  is  composed  of  Jurassic  deposits,  con- 
isting  of  gritty  limestones,  indurated  arenaceous  beds,  and  variegated 
ed  and  chocolate  colored  shales,  certain  layers  being  charged  with  an 
abundant  and  characteristic  fauna.  These  deposits,  which  make  up  a 
ertieal  thickness  of  several  hundred  feet,  are  here  thrown  up  in  a  great 
old,  the  southwestern  Hank  of  which  extends  to  the  west  of  the  Black- 
oot,  as  mentioned  on  a  preceding  page,  where  that  portion  of  it  which  lies 
rithin  the  present  district  is  buried  beneath  the  late  Tertiary,  or  Lake 
leds,  and  the  volcanics.  Immediately  the  well-determined  Jurassic  fos- 
iliferous  beds  which  appear  in  the  steeply-inclined  northern  flank  of  the 
old  are  left,  a  belt  of  above  a  mile  across  is  so  enveloped  «in  superficial 
[atrial  material,  intermingled  with  pinkish  trachy tic  debris,  as  greatly  to 
bscure  the  underlying  basis  structure.  But  from  such  data  as  the  few 
Ad  more  or  less  obscure  exposures  met  with  in  this  belt  reveal,  it  is  ap- 
parent that  it  embraces  the  site  of  extraordinary  disturbance,  the  harder 
adges,  consisting  of  limestones  and  quartzose  sandstones,  with  traces 
f  more  extensive  interbedded  deposits  of  red  sandstones  and  sandy 
hales,  are  inclined  at  steep  and  varying  angles,  and  in  places  tilted  past 
he  vertical  or  wedged  in  between  sharp  synclinal  flexures.  About  two 
ailes  north  of  the  axis  of  the  Jurassic  fold,  the  southern  foot  of  the  as- 
ent  to  a  high  dominating  point  is  mailed  by  a  heavy  ledge  of  light-drab 
nd  flesh-colored,  siliceous,  brecciated  limestone,  containing  traces  of 
udeterminable  fossils,  and  dipping  60°,  S.  20°  W.  In  the  saddle  and  can- 
das  which  drain  in  either  direction,  east  and  west,  deep-red  gritty  clays 
ppear,  and  in  the  ridge  to  the  south  a  short  distance,  several  ledges  of 
bin  and  heavy-bedded  gray  limestones,  associated  with  brown,  lainiu- 
ted,  earthy,  indurated  layers,  both  of  which  show  obscure  traces  of  fos- 
ils,  Ceratitea,  &c,  occur,  steeply  dipping  to  the  north,  or  vertical.  Tbe 
oitlyiug  heavy  limestone  ledge  is  succeeded  on  the  north  by  a  still 
ieavier  pale  reddish-buif  siliceous  deposit,  which  rises  in  gradually  de- 
reasing  steepness  up  into  the  plateau  summit,  which  abruptly  terniin- 
,tes  in  a  parapet  of  clinking,  fragmentary,  pinkish-gray  siliceous  lime- 
tone,  dipping  S.  38°  W.,  at  an  angle  of  45°  to  50°.  The  northern  face 
>f  the  little  plateau  falls  quite  rapidly  over  a  series  of  sparsely  wooded 
tenches,  in  which  successively  appear  ledges  of  gray,  siliceous,  and  cherty 
imestones,  with  small  Zaphrentin  and  Syringopora,  crinoidal  remains, 
9roductus  semireticulattts  and  P.  longiapinuH,  the  beds  dipping  45°,  S.  20° 
rV.  The  latter  beds,  at  least,  pertain  to  the  Carboniferous,  and  the  few 
ossils  observed  belong  to  species  prevalent  during  the  later  period  of 
hat  age.  The  detail  section  of  the  strata  above  alluded  to,  commencing 
it  Station  XIII  ridge,  and  thence  carried  northward  to  the  higher  Car- 
K>niferou8  ridge,  is  as  follows : 

Section  north  of  Station  XIII  ridge. 

a.  Brown,  shaly,  indurated,  fine,  areno-argillaceous  deposit  with 
lendritie  markings,  with  thin  layers  of  brown  <chocolate-gray  limestone, 
ome times  spar-seamed,  and  containing  a  small  terebratuloid  shell  and 
Jixcina  t    Apparently  a  heavy  deposit,  300  feet  or  more  in  thickness. 

b.  Brown-gray,  tliin-bcdded,  spar-seamed  limestones,  with  intercalated 
hin  sandy  layers,  forming  a  heavy  ledge  in  the  crest  of  Station  XIII 
idge,  opposite  Station  XII,  and  plating  the  northern  slope  in  places  \ 
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dip  50°  to  65°,  N.  15°  to  40°  E.,  charged  with  a  minute  Pacudomonotis, 
medium-sized  Ariculopecten,  Terebratulay  Lingukij  &c.  Specimens  of  a 
similar  limestone,  filled  with  the  same  fossils,  the  handsome  little 
Pseudomonotis  occurring  in  great  numbers^  were  brought  me  by  Mr.  Tom 
Cooper,  from  Station  XIII,  a  couple  of  miles  west  of  Station  XII. 

c.  Buff  and  brick-red  indurated  arenaceous  shales,  with  thin,  shaly 
limestone  band,  exposed  200  to  300  feet,  but  much  tnicker;  and  filling 
the  cafiada  between  the  ridges  of  Stations  XII  and  XIII,  which  are  here 
about  a  third  of  a  mile  apart. 

d.  Dark  brown-gray,  fragmentary,  slightly  arenaceous  limestone,  a 
rather  heavy  ledge  occurring  in  the  crest  of  Station  XII  ridge ;  dip  50°, 
IS".  15°  to  70°  E.  This  rock  contains  numerous  fossils,  Lingvla,  Tere- 
bratula,  Aviculopecten,  a  large  and  small  Pseudomonotis.  Myacitesf,  &c. 

e.  Grassy,  undulating  upland,  with  light-red  or  pink  trachytic  debris 
scattered  over  the  surface,  but  no  rock  exposures  in  situ  observed  over  a 
space  of  about  one-third  mile  in  width,  north  of  Station  XIII  ridge. 

/.  Gray,  buff-mottled,  fine-grained,  spar-seamed  limestone,  with  cherty 
bands,  apparently  a  thick  bed  j  dips  75°  N.,  30°  E. 

g.  lleavy  ledge,  reddish-buft,  very  hard,  fine-grained  sandstone,  stand- 
ing vertical,  or  slightly  inclined  from  vertical  north,  exposure  50  yards 
north  of  last  above  bed.  The  outcrop  shows  angular  fragments,  and 
intersected  by  joint  structure. 

h.  Dirty  gray,  thin-bedded,  spar-seamed  limestone,  debris  exposure, 
not  showing  ledge  in  situ.  It  is  succeeded  a  few  yards  north  by  a 
ledge  of  very  hard  dark-gray  limestone,  containing  an  obscure  fossil 
resembling  Ariculopectenj  but  too  indistinct  for  identification;  dips  45° 
to  SO©  s.  35o  W. 

t.  Reddish  sandstone  and  arenaceous  shales.  A  much  broken-up 
exposure  in  crown  of  ridge,  perhaps  one  mile  north  of  Station  XIII 
ridge,  and  apparently  filling  the  narrow  depression  or  cafiada  just  to 
the  north,  out  of  which  it  is  eroded. 

A1.  Thin-bedded  dark-gray  limestone,  with  minutely  comminuted  fos- 
sils ;  dips  55°  to  05°,  N.  ,'35°  to  40°  E.  Exposed  in  south  slope  of  ridge, 
perhaps  a  quarter  of  a  mile  north  of  crest  of  sandstone  ridge.  Above 
occurs  the  following  ledges: 

A2.  Heavy  beds  of  gray  limestone,  associated  with  brown,  laminated 
earthy,  indurated  layers,  slightly  inclined  from  the  vertical  northward, 
although  the  exposure  is  but  a  few  yards  removed  from  the  preceding 
bed.  This  ledge  contains  an  obscure  Lamillibranch  and  fragments  of 
Ceratites?  and  it  forms  a  marked  feature  in  the  south -facing  slopes,  where 
it  may  be  traced  for  a  distance  to  the  southeastward  and  northwestward. 

A*3.  Thin-bedded  gray  limestone,  exposed  but  a  few  yards  north  of  last 
above-mentioned  ledge ;  dip  almost  vertical,  or  at  a  steep  angle  to  tb.^ 
south. 

/.  In  the  saddle  of  the  narrow  cafiada  a  short  distance  north  of  tl» — 
last  ridge,  red  shaly  deposits  are  seen  in  washes. 

in.  Flesh-gray  limestone,  with  pink  chert  layers,  8  feet ;  overlaid 
a  heavy  deposit  of  gray,  fragmentary,  brecciated,  siliceous  linieston 
KM)  feet  or  more;  dips  0(i°,  S.  ;*f>°  to  40°  W.     Contains  fossils,  but  too  in  > 
perfect  for  identification.    This  ledge  forms  a  heavy  plating  to  the  south 
facing  slope  of  the  culminating  plateau,  two  and  a  half  miles  north  crtr 
Station  XIII  ridge. 

v.  A  vertical  space  of  200  feet  or  more  without  exposures  follows,  an^ 
then  a  heavy  deposit  of  siliceous  matter  is  met  with,  rising  up  into  th    - 
high  ridge.    It  is  composed  of  reddish,  pink-mottled,  buff,  gritty  lted??^ 
the  decomposition  of  which  produces  a  reddish-brown  soil,  underlaid  b^^ 
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white  quartzitic  sandstone  and  buff,  fragmentary  siliceous  layers,  which 
latter  rise  high  up  in  the  surface  of  the  hill,  gradually  flattening  out  in 
their  southwesterly  inclination,  and  probably  attaining  a  thickness  of 
several  hundred  feet. 

o.  Clinking,  fragmentary,  thin-bedded,  siliceous  limestone,  fleshy-gray; 
weathers  rusty  reddish-gray,  becoming  very  cherty  below,  and  inter- 
bedded  with  fine  drab  limestone.  A  heavy  ledge  in  crest  of  ridge,  di]>- 
ping  45o  to  50°,  S.  25°  to  30°  W.  Small  pentagonal  discs  of  crinoidal 
columns,  in  the  chert,  were  the  only  fossils  observed. 

fK  Immediately  underlying  the  above  bed  occurs  a  ledge  of  dark  gray, 
brittle  limestone,  with  a  Zaphrentoid  coral,  tiyringojwra,  Athyris  subtil- 
ita  f    This  is  followed  by — 

p2.  Gray,  gritty,  hard,  laminated  limestone,  which  is  in  turn  underlaid 

by— 

jA  Gray,  cherty  limestone,  containing  Productus  longispinus,  P.  semi- 
rtticulatuSj  &c. 

jr*.  Several  beds  of  bluish-gray,  spar-seamed  limestone  and  cherty  lime- 
stone, with  Syringopora,  crinoidal  remains,  &c,  and  cherty  masses  show- 
ing a  concentric  structure.    The  latter  beds  appeiir  in  a  bench  in  the 
steep  northerly  slope  between  one  and  two  hundred  yards  north  of  the 
<rest;  and  together  with  the  overlying  beds  making  up  a  heavy  deposit, 
dipping  45°,  S.  20°  W.    The  latter  limestones  are  clearly  Upper  Carbon- 
iferous, as  shown  by  the  presence  of  Productus  longispinm  uiid  Athyris 
<mubtilita. 

a.  In  slope  below  the  above  limestones,  in  the  north  side  of  the  ridge, 
reddish  sandstone  debris  was  observed,  but  no  beds  in  situ.  Elsewhere 
similar  ledges  are  interbedded  with  the  limestones  in  this  member  of  the 
Carboniferous  series.  The  slope  below  gradually  merges  into  the  basaltic 
Tenches  which  surround  these  hills  and  incline  gently  in  the  direction 
of  the  Blackfoot. 

As  before  intimated,  the  relation  of  this  area  to  the  Blackfoot  Mount- 
ains could  not  be  traced  for  the  intervention  of  the  basaltic  flow  which 
fills  the  intermediate  depression.  The  strike  of  the  strata  is  nearly  the 
^ame  in  both  areas.  In  the  latter,  however,  it  is  noticeable  that  the 
*becls  have  swerved  round  more  to  an  east-southeast  and  west-northwest 
course.  The  direction  of  the  strike  of  these  ledges  extended  northwest- 
erly would  intersect  the  equally  disturbed  belt  in  the  vicinity  of  High- 
am's  Peak  and  Station  IV,  with  which  the  present  much  distorted  belt 
Is  probably  synchronous.  According  to  the  confessedly  meagre  data 
Which  were  obtained  at  this  place,  there  would  appear  to  exist  here  two 
Sharp  synclinals,  separated  by  a  narrow  anticlinal  fold,  which  is  much 

E inched,  and  faulted  on  the  south.  In  the  space  where  this  fault  would 
e  looked  for  traces  of  trachytic  debris  were  noticed,  but  not  in  quantity 
Sufficient  to  suggest  this  as  having  been  a  point  of  volcanic  effusion. 
The  supposed  fault  indicates  a  downthrow  to  the  south,  probably  double 
the  total  thickness  of  the  Jurassic,  or  3,000  to  5,000  feet,  and  it  may  be 
found  to  have  intimate  relationship  with  the  complicated  and  probably 
faulted  Jurassic  strata  in  the  border  of  Lincoln  Valley,  just  to  the  south 
of  Station  IV  ridge,  with  which  the  disturbed  belt  at  the  present  locality 
is  thought  to  be  intimately  related.  The  interpretation  here  presented 
of  the  structural  features  of  the  locality  has  been  reproduced  in  one  of 
the  accompanying  diagrams,  representing  a  profile  section  of  the  locality 
above  alluded  to. 

WILLOW  CREEK  BASIN  AND  BASIN  RIDGES. 

The  southern  central  portion  of  the  southwest  section  of  the  district  is 
occupied  by  an  extensive  basin-area,  which  forms  the  low  water-shed 
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draining  south  into  Bear  River  and  northwest  into  the  Snake  through 
Willow  Creek,  a  considerable  area  lying  west  of  Day's  Lake  belonging       j 
to  the  upper  basin  of  the  Blackfoot.    That  portion  of  this  basin  within 
the  present  district,  with  the  exception  of  the  few  square  miles  pertain- 
ing to  the  Blackfoot,  opens  out  into  the  great  plain  of  the  Snake  to  the 
northwest,  the  extreme  sources  of  Willow 'Creek  originating  in  the  water- 
shed on  the  south  boundary  of  the  district,  where  John  Day's  Creek 
rises  in  a  shallow  lake  of  uncertain  or  variable  extent,  according  to  the 
season,  its  borders  being  occupied  by  extensive  levels  of  marsh,  mar 
gined  by  fields  of  tule  and  treacherous  bog.    This  portion  of  the  basin 
reaches  an  altitude  of  0,400  feet;  the  descent  to  the  northwest  to  the 
junction  of  Day's  Creek  with  the  main  channel  of  the  Willow  being  some 
400  leet  in  a  distance  of  about  30  miles,  and  thence  to  the  lower  level  of 
the  great  plain  a  further  descent  of  1,000  feet,  mainly  over  the  great 
volcanic  upland  bench  which  everywhere  borders  the  Snake  plains  north 
of  Ross  Fork. 

The  upper  courses  of  the  streams  wind  through  shallow,  meadow-like 
depressions  between  the  gently  undulating  basaltic  slopes  and  low 
plateaus,  in  which  they  begin  their  cafioncd  course  lower  down,  and 
thence  across  the  intervening  broad  stretch  of  volcanic  upland.    Their 
beds  are  hidden  in  the  depths  of  the  sombre  rock  until  they  emerge  into 
the  plain.    It  seems  almost  incredible  that  these  deep  canons  could  have 
been  excavated  by  the  little  streams  which  to-day  occupy  their  beds; 
yet  such  is  doubtless  the  fact,  though  the  work  was  performed  when 
their  volume  greatly  exceeded  its  present  amount.    The  results  of  erosive 
action  in  these  rocks  are  well  known.    In  the  high,  level  basins  of  this 
region  the  waters  are  collected  into  a  main  channel  which  flows  over  the 
surface,  a  large  proportion  of  its  spring-fed  tributaries  sinking  in  the 
cavernous  rock  ere  they  reach  the  main  stream,  along  which  they  some- 
times reappear  as  powerful  springs.     But  soon  as  the  general  surface 
begins  a  more  rapid  inclination,  then  the  collected  force  of  the  streams 
is  concentrated,  and  the  work  of  deepening  their  beds  is  facilitated  both 
by  the  lay  of  the  country  and  the  nature  of  the  rocks;  the  one  precipi- 
tating the  water  down  rapid  chutes,  while  the  hardness  of  the  other 
prevents  the  lateral  wear  beyond  certain  narrow  bounds,  and  the  sub- 
sequent and  gentler  acting  atmospheric  agencies  which  mould  the  llariug 
valley-sides  in  softer  materials,  here  meet  with  stubborn  resistance  in 
the  intractable  basaltic  ledges  which  usually  form  a  mural  cornice  along 
the  brink  of  the  gorge. 

The  northeast  and  southwest  margins  of  the  basin  within  our  territory 
are  bounded  respectively  by  the  Caribou  and  Blackfoot  Ranges.  It  is 
traversed  centrally,  in  its  longer  direction,  by  a  low  highland  belt,  which 
erosion  has  fashioned  into  isolated  ridges  which  have  a  parallel  arrange- 
ment both  in  relation  to  one  another,  as  also  to  the  higher  mountain 
borders  on  either  hand.  These  mid-basin  ridges  attain  throughout  quite 
uniform  relative  elevations  of  000  to  1,000  feet,  and  exhibit  in  their 
geologic  components  interesting  variety.  The  lower  levels  are  floored 
by  basalt,  which  evidently  inundated  tin4  valley  in  successive  flows 
during  the  later  epoch  of  volcanic  activity.  But  besides  the  latter 
deposits,  others  of  presumably  earlier  origin  are  met  with  in  the  shape 
of  dikes  of  hornblendic  trachyte,  whose  extrusion  has  tilted  the  sedi- 
mentary deposits  through  which  they  pass,  and  which  latter,  it  should 
be  mentioned,  form  the  nuclei  of  the  basin  ridges.  Elsewhere  the  crests 
of  these  disturbed  sedimentary  elevations  are  crowned  by  heavy  flows 
of  trachytic  lava,  while  other  elevations  culminate  in  irregular  rounded 
domes  composed  of  vast  quantities  of  scoriaccous  lava.    At  various 
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s  the  basaltic  lavas  reach  high  up  on  these  volcanic  crowned  emi- 
ts, where  they  may  merge  through  gradations  of  more  and  more 
liar  varieties  into  the  crowning  scoriaceous  deposits,  and  sloping 
ery  direction  into  the  lower  country.  The  occurrence  and  local 
ts  under  which  these  materials  arc  observed,  as  also  the  sediment- 
>rmations  which  form  the  basis  of  the  basin  ridges,  will  be  briefly 
3d  in  the  following  summary  of  detail  geology. 

WILLOW  CREEK   BASIN  RIDGES. 

nate  between  Willow  Creek  and  John  Day's  Creek,  the  lowermost 
of  tbe  basin  rises  rather  suddenly  out  of  the  volcanic  upland  that 
s»  oft*  its  north  and  west  flanks,  and  is  thence  continued  southeast- 
i  distance  of  perhaps  12  miles,  when  it  flattens  out  into  the  low 
tic  plateau  which  intervenes  between  the  west  branch  of  Day's  Creek 
the  sources  of  the  Blaekfoot.  Nearly  the  whole  of  the  southern 
vr  two-thirds  forms  a  broken  ridge  of  basaltic  buttes,  to  the  north 
I  into  the  rounded  culminating  summit  on  which  Station  XIV  was 
!,  which  attains  an  actual  altitude  of  something  above  7,400  feet 
elevation  is  covered  with  red  and  dark  scoriaceous  lava  d6bri#y  but 
e  steeper  break  facing  northward,  heavy  ledges  of  dark  steel- 
basaltic  lava  appear.  The  southwestern  slope  falls  more  gradually} 
ing  frequent  exposures  of  similar  volcanic  ledges,  dipping  westerly 
Willow  Creek  Valley,  as  also  inclining  gently  in  the  direction  of 
peu  basin  country  to  the  south  and  west.  Tins  disposition  of  the 
his  rocks  suggests  the  sources  of  the  outflow  in  the  neighborhood 
ration  XIV,  and  it  may  be  that  the  scoriaceous  material  belongs  to 
nnant  of  crater  effusions  in  which  originated  the  blanket  of  lava 
ring  these  elevations.  But  of  crater  cone,  the  imagination  can  dis- 
p  in  this  eminence  hardly  more  than  a  vague  resemblance,  and  this 
lated  by  time.  The  extreme  southern  end  of  the  ridge  presents  a 
ed  tract  of  low,  rolling  hills,  in  whose  smooth  grassy  surfaces  ob- 
j  exposures  of  reddish-tinted  deposits  were  seen,  which  are  probably 
eappearance  in  that  direction  of  a  similar  series  of  deposits  exten- 
y  developed  in  the  northern  portion  of  this  ridge.  These  low  hills, 
aver,  continue  but  a  short  distance  when  they  are  cut  off  by  the 
Itic-floored  plain  lying  to  the  south,  southwest,  and  southeast. 
>rth  of  Station  XIV  the  ridge  is  almost  dissevered  by  the  erosion 
little  tributary  gaining  the  east  bank  of  Willow  Creek,  and  which 
pies  a  small  basin  bordered  by  grassy  acclivities  which  sweep  up 
Station  XIV  on  the  south  and  the  hills  to  the  north  which  form  the 
tiern  continuation  of  the  ridge.  It  is  difficult  to  decide  whether  the 
e  mentioned  depression  is  floored  by  the  volcanics  which  every- 
•e  occur  in  the  adjacent  plains.  On  the  north  side  of  the  depression 
ieavy  bedded  basalt  gently  rises  up  on  the  southwest  flank,  where  it 
inates  in  the  low  cap  of  Station  XV,  0,800  feet.  But  to  the  east  the 
il  southern  slopes,  exhibiting  sedimentary  deposits,  rise  rapidly  into 
jher  plateau,  which,  at  Station  XVI,  a  mile  and  a  half  north-north- 
of  Station  XV,  reaches  an  altitude  of  7,200  feet ;  and  about  the 
5  distance  north  the  sedimeutaries  cease  in  a  somewhat  higher  hill, 
crest  of  which  shows  a  heavy  ledge  of  hard,  drab,  thin-bedded 
tiytic  rock,  dipping  at  an  angle  of  40°,  N.  30°  E.,  the  north  and 
heast  slope  falling  in  rugged  benches  to  the  level  of  the  basaltic 
md  which  extends  down  to  the  canon  of  John  Day's  Creek  on  the. 
hand,  and  to  Willow  Creek  on  the  other. 
i  this  latter  cluster  of  hills  an  interesting  series  of  sedimentary  de- 


352      REPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

posits  is  met  with,  showing  a  thickness  of  several  hundred  feet,  with  j 
general  inclination  of  20°  to  35°,  alxmt  S.  35°  W.  At  one  point  in  Sta 
tion  XVI  ridge  the  ledges  show,  in  their  northerly  dip,  a  short  undula 
tion,  beyond  which,  north,  they  resume  their  southwesterly  incliuatioi 
as  far  as  traced.  The  exposures  here  referred  to  afford  the  followiuj 
detail  section : 

Section  in  northern  portion  of  Willow  Creek  ridge,  through  Station  XYI. 

1.  In  the  southeast  flank  of  Station  XY,  300  to  400  feet  below  the  snm 
mit,  soft,  gray,  laminated  shaly  sandstone,  with  obscure  vegetable  im 
pressions,  interbedded  with  reddish  and  light  gypsiferous  shales,  out 
crops,  showing  a  thickness  of  above  100  feet;  dip  28°,  S.  4(P  \V 
These  deposits  are  capped  by  the  basalt  in  Station  XV,  there  being  n< 
evidence  of  other  volcanic  deposits  interposed  between  the  basalt  anc 
the  sedimentaries.  The  contact  of  the  latter  deposits  was  hidden  by  the 
debris  accumulations  at  the  foot  of  the  basaltic*,  walls,  so  that  it  was  not 
ascertained  to  what  extent  or  in  what  manner  the  contact  of  the  igneous 
matter  affected  the  sedimentary  deposits  over  which  it  flowed.  From 
the  above  exposure  the  line  of  the  section  was  carried  nearly  at  riglr 
angles  to  the  strike  of  the  sedimentary  beds,  or  in  a  north-northeasa 
direction. 

2.  The  next  exposure,  300  yards  distant,  appears  as  a  low  comb  formes 
by  a  heavy  bed  of  similar  gray,  thin-bedded  sandstone,  dipping  at 
little  steeper  angle.    It  is  cross-bedded,  the  planes  of  false  bedding  fa.  « 
ing  the  northeast. 

3.  At  foot  of  steeper  slope,  100  yards  beyond  the  last,  similar  but  sti 
heavier  deposits  of  softish  gray  sandstone  are  exposed  as  a  plating  i 
the  acclivity,  dipping  at  an  angle  of  35°. 

4.  In  the  crest  of  the  ascent,  which  is  determined  by  the  strike  of  tli 
beds,  a  few  hundred  yards  from  the  foot  of  the  last  ledge,  the  sandstoii 
change*  to  a  course  aggregation  of  water- worn  but  not  rounded  siliceou 
pebbles,  forming  a  friable,  thin-bedded,  conglomeritic  rock  of  a  rust; 
buff' and  reddish  tinge,  the  disintegration  of  which  has  strewn  the  siu 
face  with  fine  gravel.  The  estimated  thickness  of  this  ledge  is  about  # 
feet ;  dip  25°,  S.  40°  W.     The  coarse  materials  show  a  variety  of  col<>r 

5.  The  above  deposit  is  immediately  succeeded  lwlow  by  a  heavy  I**1 
of  deep-red,  fine  arenaceous  shales,  probably  at  least  50  feet  thick,  wliid 
outcrops  in  the  southern  slope  of  a  shallow  saddle,  in  the  bed  of  wIik-1 
appears — 

G.  «,  Gray  sandstone,  passing  below  into  a  heavy  deposit  made  "I 
of,  bj  gray  and  reddish  tinged  sandstone,  with,  c,  interlaminations  ° 
indurated  ferruginous  material,  reach  a  thickness  of  several  hundr** 
feet,  in  the  summit  of  Station  XVI  plateau,  the  above  layers  are  undei 
laid  by  an  equal  or  considerably  greater  thickness  of  similar  arenaceo*1 
deposits  which  occur  in  the  following  order :  rf,  ledge  of  hard,  buff',  ru**l 
weathered  sandstone;  c,  softish  buff  sandstone;  /,  ledge  of  hard,  ru^t 
gray  and  brownish  sandstone;  obliquely  and  horizontally  laminated,  a*1 
containing  obscure  vegetable  remains  like  fragments  of  the  trunk  l 
limbs  of  trees.  The  latter  ledge  shows  a  local  disturbance,  in  phi**1 
being  raised  up  into  low  bulging  or  sharp  crested  narrow  ridges,  ji* 
dipping  at  angles  of  20°  to  35<\  E.  23°  S.  to  X.  5°  W.,  but  elsewh** 
showing  general  conformity  with  the*  overlying  deposits.  These  dep*-1 
its  extend  up  into  the  culminating  point  at  Station  XVI,  to  the  north 
which  the  hill  falls  away  over  steep  slopes  into  a  deep  saddle  conneeti* 
it  with  the  higher  crest  a  mile  and  a  half  distant,  in  which  the  highla*- 
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terminates.    In  this  steep  slope  the  following  ledges  are  imperfectly 
exposed: 

7.  Dark  gray  calcareous  gritty  bed,  sometimes  conglomeritic  or  brcc- 
ciated,  containing  numerous  poorly  preserved  Lamillibranchs,  Gastero- 
pods,  and  vertebrate  remains,  probably  fishes.  The  fossils  are  impacted 
in  the  tough  matrix,  from  which  they  are  obtained  in  so  mutilated  con- 
dition as  to  render  their  identification  doubtful.  Dr.  White,  however, 
refers  one  of  the  most  prevalent  forms  to  Unio}  at  the  same  time  noting 
a  resemblance  it  bears  to  forms  occurring  in  the  Laramie  beds  in  the 
region  to  the  south.  The  Gasteropods  are  indeterminable,  while  in 
regard  to  the  vertebrate  remains,  which  were  submitted  to  Frofessor 
Cope,  their  affinities  remain  as  yet  undetermined  with  the  exception  of 
some  small-sized  gar  scales  which,  although  ndt  specifically  determin- 
able, are  probably  of  Tertiary  age. 

8.  Underlying  the  last-mentioned  stratum  occurs  a  thickness  of  sev- 
eral hundred  feet  made  up  of  red  and  drab  gritty  shales,  including  soft 
gray  sandstone  layers,  which  descend  into  the  saddle  north  of  Station 

XVI,  where  they  rest  upon — 

9.  Fragmentary  drab  limestone,  forming  a  low  debris-strewn  ridge  at 
the  loot  of  the  descent.  This  outcrop  may  be  traced  at  intervals  mora 
or  less  interrupted  in  a  southeasterly  direction,  reappearing  iu  the  low 
ridge  between  the  forks  of  Jolin  Gray's  Creek  northwest  of  Station; 

XVII,  where  its  outcrop  gives  a  banded  appearance  in  the  grassy  slopes. 
It  contains  numerous  individuals  of  a  small  undetermined  Gasteropod.. 

10.  Ascending  the  long  slope  to  the  north,  the  latter  limestone  is  im- 
mediately followed  in  descending  order  by  gray?  cross-bedded  sand- 
stone, iuterbedded  with  chocolate-red  shales  and  indurated  ferruginous, 
layers.    These  beds  form  a  heavy  deposit,  showing  local  disturbance,, 
but  with  a  normal  dip  S.  45°  W.  at  an  angle  of  about  20°. 

11.  Higher  in  the  slope  the  position  of  another  limestone  bed  is  marked' 
by  the  drab,  fragmentary  debris  which  strews  the  surface.  Besides  a 
fragment  of  bone,  there  were  also  seen  other  obscure  fossils.  The  rock 
is  less  brittle  and  lighter  colored  than  bed  9. 

12.  Dirty  and  sometimes  reddish-buff,  very  hard,,  brittle,,  spar-seamed 
sandstone.  The  rock  shows  slickenside  surfaces,  is  almost  the  hard- 
ness of  quartzite,  and  contains  vegetable  impressions  like  sections  of 
limbs.  Its  debris  covers  the  surface  extending  up  into  the  summit, 
which  is  capped  by  a  heavy  ledge  of — 

13.  Grayish-blue  trachytic  rock,  having  a  distinct  bedded  structure,., 
in  firm,  uneven  layers  2  to  12  inches  or  more  in  thickness..  The  rock 
presents  a  low  wall  in  the  crest  of  the  hill  facing  southwestward,  in- 
which  the  exposed  edges  of  the  layers  reach  a  thickness  of  5  to  15  feet„ 
dipping  4(P,  N.  50°  E. 

Such  as  they  were,  the  few  obscure  vegetable  remains  found  in  con- 
nection with  the  sandstones  of  the  foregoing  section  were  submitted  to 
Professor  Lesquereux  for  examination,,  who  kindly  informs  me  that, 
though  too  indistinct  for  minute  determination,  they  are  undistinguLsh- 
able  from  similar  vegetable  relics  prevalent  in  perfectly  authenticated! 
laramie  beds  at  numerous  localities  in  the  Northwest.    Tliis,  together 
with  Dr.  White's  determination  of  the  probable  affinities  of  the  inverte- 
brate fossils  before  alluded  to,  as  well  as  the  probable  relations  of  the 
vertebrate  remains  communicated  by  Professor  Cope^aftord  ground  for- 
referring  ail  these  deposits  to  the  age  of  the  Laramie  Group*    As  we 
shall  have  become  more  familiar  with  the  fauna  and  flora  of  the  rocks* 
of  these  distant  regions,  the  doubts  of  to-day  may  appear  almostrwithout 
foundation  and  vanish.    But  these  results  are  the  outgrowth:  of  time> 
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and  if  we  succeed  in  ascertaining  the  actual  stratigraphic  sequence  of 
the  geological  series,  much  will  have  been  secured  of  value  as  well  to 
the  palaeontologist  as  to  the  geologist. 

A  couple  of  miles  to  the  southwest  of  Station  XV,  in  the  low  grassy 
slopes  on  the  west  side  of  the  little  basin,  a  narrow  ledge  of  soft,  thin- 
bedded,  gray  sandstone  outcrops  in  a  miniature  hogback  ridge,  dipping 
steeply  to  the  south  westward,  or  54°,  S.  40°  W.    This  ledge  undoubtedly 
belongs  to  the  same  series  shown  in  Station  XVI  section,  and  forms  the 
outflanking  exposure  on  this  side  of  the  Willow  Creek  hills.    But  de- 
scending, east,  to  the  West  Fork  of  John  Gray's  Creek,  whose  valley  is. 
flooded  with  basalt,  and  crossing  over  to  the  lower  ridge  embraced  be- 
tween the  West  and  East  Forks,  the  same  series  of  deposits  is  again, 
encountered,  where  the  Strata  are  bulged  up  and  finally  severed  by  th^ 
extrusion  of  igneous  matter  which  forms  the  culmination  of  the  ridge. 

This  ridge  extends  from  the  northwest  in  a  southeasterly  direction^ 
about  six  miles,  and  parallel  with  the  higher  ridge  described  in  a  pre- 
ceding page,  from  which  it  is  distant  only  about  four  miles.    A  little 
south  of  the  middle  it  is  surmounted  by  a  wedge-shaped  comb  of  rock-, 
composed  of  a  handsome  variety  of  hornblendic  trachyte,  the  crest  oj 
cwhicli  was  selected  for  Station  XVII,  and  which  attains  an  altitude  o 


about  7,200  feet.    The  south  end  of  the  crest  descends  sharply  to  th< 
broken  continuation  of  the  ridge,  while  to  the  northwest  it  more  gently — 
;  stapes,  in  places  occupied  by  the  sedimentaries,  again  by  the  narrowing — 

volcanic  mass,  which  latter  finally  disapiiears,  the  sedimentary  beds  lap 

ping  without  break  in  their  continuity  over  the  ridge.    A  section  across— 
the  ridge  along  a  northeast  and  southwest  line,  perhaps  half  a  mile  north— 
.  of  Station  XVII,  commencing  with  the  northeasternmost  exposures,  ap- 
pearing in  the  gentle  slo]>es  that  reach  down  into  the  basin-like  valley 
of  the  Ea«t  Fork  of  John  Gray's  Creek,  just  above  the  point  where  it 
» begins  its  ^anoned  course  in  the  basalt,  is  given  below: 

Section  across  Station  XVII  ridge. 

1.  Fine  iseddish-stained  soil,  appeariug  in  the  low  upland  terrace 
bordering  the  level  creek  bottom.    It  indicates  subjacent  shaly  deposits. 

2.  Red  shales  and  included  sandstone  layers,  obscurely  exposed  in 
the  grassy  slopes. 

3.  Heavy  ted  of  reddish-gray,  even-bedded  sandstone,  weathering 
into  flags;  dip  northerly. 

4.  Buff,  reddish -tinted,  thin-bedded,  rather   firm  sandstone;  some- 
times a  semi-quart zite  with  slickenside  surfaces,  including  shaly  gray 
sandstone,  and  underlaid  by  heavy-bedded,  reddish  buff  sandstone,  dip- 
ping 3.3°  to  45°,  .east  of  north.    The  ledge  forms  a  low  hogback,  sev- 
eral yards  across,  ami  which  may  be  traced  to  a  distance  in  the  decliv- 
;  ity.    The  upper  ledge  contains  obscure  vegetable  impressions,  fragments 

of  limbs,  and  algae-like  markings.    The  surfaces  of  certain  layers  are 
undulated  by  large  ripple-markings. 

5.  To  the  southwest  of  the  last-mentioned  bed,  GO  or  70  yards,  a  low 
parallel  comb  of  soft,  thin-bedded,  gray  sandstone  breaks  the  surface, 
the  bed  showing  a  thickness  of  5  to  10  feet,  and  dipping  45°  to  50°,  N*. 
25o  to  30°  E. 

G.  Red  shales,  obscure  exposure. 

7.  In  the  slope  of  the  main  ridge  about  300  yards  distant  from  bed  4, 
•occurs  an  obsoure  outcrop  of  drab,  brittle,  earthy  limestone,  containing 
numerous  small  gasteropods,  a  few  medium-sized  lainellibranchs,  and  a 
; minute  fish-toothl 
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8.  Forty  yards  above  the  last,  a  similar  hidden  exposure  of  light  graj 
limestone  occurs,  in  which  were  found  a  few  small  gasteropoda. 

9.  Drab  argillo-calcareous  indurated  layers,  apparently  forming  a 
heavy  deposit  in  the  crest  of  the  ridge.    This  ledge  has  evidently  under- 
gone much  metamorphism  from  contact  with  the  igneous  mass,  by  which 
it  is  so  changed  and  intersected  by  a  bewildering  set  of  cleavage  as 
quite  to  obliterate  the  bedding  of  the  rock.    However,  at  several  places 
along  the  northeast  side  of  the  igneous  dike  it  was  possible  to  dis- 
tinguish the  planes  of  deposition  from  those  of  the  superadded  cleavage, 
showing  an  inclination  N.  X.  £.,  at  a  steep  angle;  and  at  a  point  nearer 
the  summit,  the  same  ledges,  here  even  more  highly  changed  into  an 
exceedingly  brittle,  slaty  rock,  were  found  to  dip  in  the  same  direction 
at  angles  of  30°  to  40°. 

10.  This  is  a  beautiful  variety  of  hornblendic  trachyte,  in  which  the 
dark  needles  of  hornblende  are  very  generally  disseminated,  only  show- 
ing perceptible  changes  in  the  size  of  the  crystals,  which  are  embedded 
in  a  dark  gray  matrix.  The  ledge  stands  up  in  a  dike-like  mass,  with 
a  strike  about  E.  50°  S.  and  W.  50°  X.,  and  apparently  inclined  seeply 
to  the  southwest.  It  forms  the  highest  part  of  the  crest  of  the  ridge  for 
the  distance  of  about  a  mile,  and  several  yards  across.  In  the  south- 
-west face,  under  Station  XVII;  it  presents  a  precipice  in  wliich  the  rock 
is  seen  to  be  much  broken  by  irregular  joint  structure.  Farther  north, 
'where  the  dike  becomes  less  prominent,  its  outcrops  is  marked  by  debris, 
which  strews  the  surface  with  fine  gravel,  imparting  to  the  soil  a  rusty 
reddish  color,  markedly  in  contrast  with  tlie  tine,  light  soil  derived  from 

the  decomposition  of  the  calcareo-argillaceous  deposits  of  the  ac\jacent 

slopes. 

11.  Drab,  indurated  argillo-calcareous  deposits,  interlaminated  with 
light  gray  limestone  layers  containing  great  numl>ers  of  a  small  gaster- 
opod.  This  horizon  appears  in  the  southwest  slope  of  the  crest,  and  is 
much  metamorphosed  on  approaching  the  igneous  dike. 

12.  Brown;  partially  fissile  shales,  with  small  concretions  included  in 

13.  Drab,  indurated,  argillo-calcareous  deposits,  with  thin  interlamina- 
tions  of  calcite. 

14.  Reddish  gray  sandstone,  with  slickenside  surfaces.  This  ledge 
outcrops  in  the  bed  of  the  little  valley  a  short  distance  below,  or  to  the 
northwest  of  the  line  of  the  section,  where  it  shows  an  inclination  south- 
ward at  an  angle  of  30°.  Although  a  limited  exposure,  it  is  believed  to 
he  the  equivalent  of  one  of  the  beds  in  the  northeast  flank  of  the  ridge, 
probably  No.  4,  which  it  closely  resembles  lithologically. 

15.  Obscure  exposure  of  red  shales. 

16.  Drab,  indurated,  fragmentary,  argillo-calcareous  deposits,  with 
earns  of  calcite  and  gypsum,  apparently  forming  a  heavy  bed,  but  im- 
erfectly  exposed  in  the  northeast  slope  of  low  outlving  ridge  west  of 
tation'XVII. 

17.  Gray,  fragmentary  spar-seamed  limestone,  with  numerous  small 
determined  gasteropods.  A  thick  stratum,  defining  an  abrupt  break 
the  hill-side. 

8.  In  the  gentle  slopes  of  the  before-mentioned  outlying  hill  west  of 

tion  XVII,  a  series  of  obscurely-exposed  lx»ds  is  met  with,  consisting 

Iternations  of  gray  and  drab  fragmentary  limestone  and  heavier  beds 

eddish  and  buff  sandstones  and  softer  deposits,  which  compose  the 

'.  of  this  lesser  ridge. 

.  Basalt,  filling  the  valley  of  the  West  Fork  of  John  Day's  Creek 
apping  up  on  the  sedimentaries  all  along  the  southwest  fl*-1- 
righland  ridge. 
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The  above  section  has  a  linear  extent  of  about  four  miles  bctwe 
folks  of  Gray's  Creek.  Although  the  deposits  in  the  immediate 
west  slope  of  Station  XVII  are  somewhat  obscure,  and  withal  so  a 
by  lnctainorphic  action  as  render  their  examination  difficult,  ye1 
more  favorable  exposure  in  the  opposite  hill-side  to  the  west  affords 
factory  data  for  the  determination  of  the  relations  of  the  sedimenta 
the  volcanic  phenomena  with  which  they  are  here  associated.  Th< 
ous  mass  protruding  in  the  crest  of  the  ridge  seems  to  have  been 
up  nearly  in  a  vertical  direction,  carrying  the  sedimentary  beds  uj 
it  instead  of  fracturing  them  at  once,  so  that  at  the  extremities 
upthrnst  they  were  not  rent  apart.  But  at  the  point  of  greatest  t 
they  were  partially  fractured,  the  igneous  matter  following  the  c 
thus  produced,  as  a  wedge-shaped  mass,  which  subsequent  erosic 
bared,  and  thus  revealed  the  origin  of  the  little  anticlinal  fold,  of  wl 
forms  as  well  the  nucleus.  The  apparent  identity  of  this  eruptiv* 
with  that  prevalent  in  the  Elk  Mountains  of  Western  Colorado,  t 
also  be  mentioned,  specimens  from  these  remote  regions  showing 
if  any  difference  in  their  mineral  constitution. 

The  sedimentaries  in  Station  XVII  ridge,  as  before  mentioned,  d 
traced  to  the  northwest,  where  they 'reappear  in  the  vicinity  of  S 
XVI,  in  which  latter  quarter,  however,  the  series  belongs  to  the 
west  side  of  the  present  uplift.  Prom  the  latter  station,  looking 
the  broad  valley  of  Willow  Creek,  beneath  the  greatly  uplifted  \ 
ics  at  the  northern  end  of  the  Blackfoot  Range,  a  considerable  I 
reddish-tinged  strata  appears  in  the  northeast  Hank  of  that  rang 
lying  the  Carboniferous  in  Blackfoot  Peak.  These  deposits,  as  s 
a  distance,  present  precisely  the  appearance  of  the  strata  exposed 
Willow  Creek  ridge  above  described ;  and  continuing  the  north  o 
strike  of  the  hitter  beds  across  the  intervening  plain  where  they  ai 
eealed  from  view  by  the  basaltic  flow,  it  would  intersect  the  Bla 
.Range  at  the  point  where  these  deposits  have  their  apparent  count 
in  the  foot-hills  east,  of  l>lackfoot  Peak.  The  trend  of  the  eruptive 
in  Station  XVII  is  exactly  in  line  with  Mount  Bainbridge  (£ 
XXVIII),  10  miles  to  the  southeastward,  where  mincralogically  id< 
igneous  eruptions  are  again  met  with,  which  will  be  noticed  in  a 
quent  section  of  this  chapter  relating  to  the  Caribou  Range, 
banded  reddish  and  drab  appearance  of  the  outcrop  of  the  sedinn 
deposits  of  the  present  group  of  hills  is  repeated  also  iu  the  fo< 
northwest  of  Mount  Caribou  and  it  seems  very  probable  that  tin 
ent  uplift  has  intimate  connection  with  the  remarkable  phenome 
served  at  that  locality.  These  deposits  may  be  described  as  varh 
red  and  drab  beds,  the  appearance  they  usually  present  in  distant-\ 
exposures.  They  form  the  low  swells  into  which  the  southeast  end  • 
tion  XVII  ridge  dies  away,  as  also  the  similar  terminus  of  the 
"Willow  ('reek  ridge,  as  previously  mentioned.  In  the  undulating  1 
hills  to  the  northeast  of  the  confluence  of  the  forks  of  John  Gray's 
the  same  series  of  strata  is  also  seen,  where,  they  are  dominated  by  v 
levels  of  the  upraised  voleanics  which  rise  up  in  abruptly  term 
benches  on  the  flank  of  the  Caribou  Kangc  in  that  quarter.  But 
where  in  the  lower  depressions  separating  these  low  basin  ridg< 
sedimentary  deposits  of  which  they  are  largely  composed  are  con 
beneath  the  basaltic  flows,  though  their  continuity  scarcely  admit 
doubt,  however  isolated  their  present  manifestation. 

Beyond  the  low  basaltic  plateau  which  envelops  the  southern  • 
the  Willow  Creek  ridge,  the  surface  again  rises  into  a  low  ridge,  e 
ing  southeastward  several  miles  into  the  adjacent  district,  and 
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forms  the  watershed  between  the  sources  of  John  Gray's  Creek  and 
the  Little  Blaekfoot  to  the  west.  This  ridge  has  an  extent  of  some  eight 
miles  in  our  district,  attaining  a  pretty  uniform  altitude  of  7,200  feet,  its 
dominating  summit  rising  about  1,000*  feet  above  the  level  of  John  Day's 
Lake  basin  on  the  east.  Near  the  southern  line  of  the  district  it  is  sud- 
denly contracted  and  broken  down  in  a  broad,  deep  sag,  through  which 
flows  a  pretty  little  tributary  which  rises  in  the  low  basaltic  rim  on  the 
east  flank  of  the  ridge  in  the  immediate  vicinity  of  the  gentle  slopes  sur- 
rounding John  Gray's  Lake.  A  well-beaten  highway  from  the  country 
to  the  southeast  crosses  the  ridge  at  this  pass,  and  following  up  the  valley 
of  Little  Blaekfoot  it  crosses  over  the  low  basaltic  plateau  at  its  head, 
and  thence  descends  the  west  side  of  Willow  Creek  out  into  the  Snake 
plains  at  Taylor's  Bridge;  a  branch  road  crosses  into  the  upper  basin 
of  the  Blaekfoot,  and  thence  westerly  to  Fort  Hall  and  Ross  Fork  Agency, 
where  it  again  joins  the  great  highway  leading  into  Montana. 

This  ridge,  which  may  be  appropriately  termed  Gray's  Lake  ridge, 
south  of  the  above-mentioned  pass  and  lying  within  our  limits,  was 
found  to  present  a  simple  monoclinal  structure,  the  residt  of  erosion,  by 
which  the  east  flank  of  an  anticlinal  fold  was  destroyed  prior  to  the 
effusion  of  volcanic  matter,  which  latter  gently  rises  on  either  slope  of 
the  present  ridge  as  heavy  beds  of  inore  or  less  scoriaceous  and  compact 
-dark  basaltic  lavas,  which  strongly  resemble  the  material  found  in  the 
.summit  of  the  Willow  Creek  ridge  at  Station  XIV.    The  nucleus  of  the 
zxidge  is  here  seen  to  consist  of  the  ordinary  gray  and  drab  Carboniferous 
limestones,  interbedded  with  hard  buff  and  reddish-bull*  sandstones  or 
siliceous  beds,  and  dipping  southerly  at  an  angle  of  about  30°.    The 
^xidge  is  here  quite  low,  but  it  gradually  rises  to  the  southeast,  where  its 
~S>ulk  is  composed  of  the  same  formation,  the  beds  seeming  to  curve  round 
~^he  southern  extremity  of  the  ridge  in  a  sharp  quaquaversal,  with  out- 
ranking foot-hills  made  up  of  red  arenaceous  deposits  and  sandstones  and 
^Irab  beds. 

North  of  the  pass  these  same  deposits  are  seen  in  force  in  the  north- 
east flank  of  the  ridge,  and  after  crossing  to  the  southwest  side,  the  same 
deposits  also  flank  that  side,  where  they  incline  southwestwardly,  and 
probably  here  compose  the  entire  bulk  of  the  exposed  strata  in  the  main 
Tidge.    A  mile  or  so  southwest  of  the  pass,  at  the  crossing  of  the  Little 
Blaekfoot,  in  the  extremity  of  a  low  upland  spur  which  puts  out  into 
the  valley  at  this  point,  the  Carboniferous  again  appears,  showing  a 
thickness  a  hundred  feet,  more  or  less,  of  heavy  bedded,  gray,  eherty 
and  spar-seamed  limestone,  dipping  55°,  S.  5°  W.    A  few  fossils  were 
seen  here,  Productus,  Spiri/cr,  &c.    The  relation  of  the  latter  exposure 
to  the  ledges  that  form  the  crest  of  the  ridge  south  of  the  pass  was  not 
clearly  shown;  but  it  is  presumed  that  it  belongs  to  the  same  uplift, 
although  the  trend  of  the  strata  has  rather  sharply  changed  more  to  an 
east- west  course,  if  this  inference  prove  correct. 

Hie  Little  Blaekfoot  here  occupies  a  wide  trough-like  valley,  which 
heads  in  the  low  basaltic  plateau  of  the  Willow  Creek  divide  a  few  miles 
to  the  northwest,  and  is  bounded  on  the  southwest  by  a  similar  narrow 
mountain  ridge,  the  distance  from  crest  to  crest  along  our  southern 
boundary  being  about  four  miles.  The  middle  of  the  valley  is  occupied 
by  a  level  tract,  through  which  the  little  stream  flows  with  many  wind- 
ings between  low  terraced  borders  which  gently  rise  to  the  foot  of  the 
adjacent  ridges.  These  border  slopes  in  places  conform  to  gently  in- 
clined basaltic  benches,  as  is  the  case  in  the  lake  ridge  to  the  south  of 
the  pass,  where  they  were  found  extending  quite  to  the  crest  in  a  low 
place  in  the  ridge ;  but  in  the  mid-valley  the  level  surface  is  covered  with 
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fine  detrital  material  and  soil  which  supports  a  flair  growth  of  herbage, 
while  in  the  hills  a  few  dwarfed  pines  and  groves  of  aspen  are  found. 

The  ridge  defining  the  southwest  side  of  the  Little  Blackfoot  Valley 
originates  in  the  low  basaltic  divide  at  the  head  of  Willow  Greek,  and 
which  separates  it  from  the  southern  terminus  of  the  Blackfoot  Range,  a 
few  miles  to  the  northwestward.  This  ridge  has  a  course  nearly  parallel 
with  Gray's  Lake  ridge,  northwest  and  southeast,  in  which  latter  direction 
it  is  projected  into  the  bend  of  the  Blackfoot,  a  few  miles  south  of  the 
south  line  of  the  district.  Like  the  previously  described  ridge,  it  is 
broken  down  near  the  middle,  where  it  is  crossed  by  a  somewhat  higher 
pass,  with  steeper  approaches,  just  over  our  southern  border,  to  the 
northwest  of  which  it  culminates  in  an  irregular  crest  7,000  to  7,600  feet 
altitude  above  the  sea,  or  600  to  1,200  feet  above  the  plain.  A  section 
carried  across  the  ridge  at  a  point  between  the  pass  and  one  of  the  cul- 
minating summits  a  mile  to  the  north,  on  which  Station  XXTX  was 
located,  is  given  below : 

Section  across  Station  XXIX  ridge. 

1.  Dark  bluish  gray,  spar-seamed  limestone,  with  concentric  siliceous 
nodules,  passing  upward  into  a  very  hard  fragmentary  siliceous  rock. 
Occurs  as  a  heavy  ledge  flagging  the  south-facing  slope  descending  into 
the  gap,  and  dips  35°,  S.  25°  E.  The  rock  is  complicated  by  joint  struc- 
ture and  cleavage,  the  principal  planes  of  which  incline  at  an  angle  of 
70°,  X.  70°  E. 

2.  Slope,  unexposed. 

3.  Limestone,  obscure  exposure. 

4.  Heavy  bed  of  buff  siliceous  rock. 

5.  Light  bluish-gray  spar-seamed  limestone,  forming  a  heavy  bed  the 
outcrop  of  which  is  traced  in  a  line  of  low  cliffs  which  rise  into  Station 
XXIX.  A  thickness  of  50  feet  is  exposed  in  the  mural  face  of  the  out- 
crop, in  which  atmospheric  erosion  has  scooped  miniature  caverns  and 
niches.  Dip  45°  to  50°,  S.  65°  W.  The  rock  affords  numbers  of  a  large 
species  of  Zaphrentis,  which  was  the  only  fossil  a  hurried  search  detected. 

6.  Space  200  yards  across,  showing  gray  cherty  limestone  and  reddish- 
buff  siliceous  deposits.    Dip  30°  south  westward. 

7.  Bluish-grav,  spar-seamed,  cherty  limestone,  a  heavy  ledge,  exposed 
20  to  40  feet,  and  dipping  30°,  S.  50°  W.  Contains  a  minute  Betzia, 
Hvmipronitesj  and  crinoidal  columns. 

8.  Slope,  about  100  yards  across ;  no  rock  exposures. 

0.  Limestone,  similar  to  bed  Xo.  7,  appearing  in  crest  of  ridge  about 
southwest  of  Station  XXIX,  over  a  space  perhaps  300  yards  across. 
Dip  50°  to  05°,  S.  50°  W.    Contains  a  small  Zaphrentoid  coral. 

10.  Grayish -blue  limestone  and  buff  siliceous  deposits,  forming  a  heavy 
deposit  300  to  400  yards  across  in  the  south  flank  of  the  ridge.  Dip 
5:)0,  S.  45°  W. 

1 L.  Intensely  hard,  brittle,  hornstone-likc  rock,  much  fractured  trans- 
versely, its  outcrop  presenting  a  dike-like  appearance,  exposed  thick- 
ness 5  feet,  and  dipping  S.  35°  W.  at  an  angle  of  05°.  This  rock  is  pre- 
cisely like  a  ledge  observed  in  the  southwest  foot  of  Blackfoot  Peak, 
with  which  it  is  believed  to  be  identical. 

12.  Limestone,  obscurely  exposed  in  foot  of  steep  slope,  where  it  merges 
into  the  basaltic  bench,  over  which  the  declivity  descends  thence  into 
the  upper  basin  of  the  Blackfoot  in  a  series  of  more  or  less  distinct  low 
terraces. 

The  above  section  crosses  the  ridge  nearly  at  right  angles  to  its  trend, 
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or  in  a  general  S.  S.W.  and  N.  N.E.  direction.    It  will  further  have  been 

observed  that  the  strike  of  the  ledges  which  compose  the  monoclinal 

crest  of  this  part  of  the  ridge  trends  round  from  a  north  of  east  to  south 

of  east  direction  in  crossing  from  the  northeast  to  the  southwest  side  of 

the  ridge,  and  exhibiting  almost  the  exact  counterpart  of  the  condition 

of  things  found  in  the  southeastern  portion  of  the  Day's  Lake  ridge. 

This  structure  is  further  indicated  by  the  massing  of  a  heavy  series  of 

superimposed  red  and  drab  deposits,  which  make  up  the  bulk  of  the 

southern  portion  of  the  ridge.    Above  the  pass,  a  short  spur  jutting 

from  the  northeast  flank  of  the  ridge  and  abruptly  terminating  in  the 

^valley,  exhibits  a  heavy  series  of  dark  and  chocolate-colored  shales  and 

rusty  sandstone  ledges,  which  incline  at  a  steep  angle  toward  the  main 

ridge.    The  latter  deposits  apparently  constitute  a  large  portion  of  the 

Houth western  extremity  of  the  ridge,*  and  they  are  supposed  to  pertain 

to  the  Jura-Trias  series  of  the  region. 

The  geological,  as  also  the  topographic,  relations  of  this  ridge  are 
apparently  intimate  with  the  Blackfoot  Range;  yet  this  relationship  is 
more  a  matter  of  inference  than  actual  demonstration.    In  the  basaltic 
plain  which  fills  the  interval  the  sedimentaries  are,  of  course,  concealed 
from  view,  and  it  may  be  that  both  of  the  latter  ridges  mentioned  above 
are  the  result  of  locally-manifested  disturbing  causes  by  which  the  strata 
over  narrow  elliptical  areas  were  bulged  up  into  abrupt  anticlinal  folds, 
and  probably  faulted  along  parts  of  their  course,  as  seems  to  be  the 
case  in  the  northeast  side  of  Station  XXIX  fold.    Yet,  while  isolated  are 
as  of  local  disturbance  may,  and  doubtless  do,  exist,  as,  for  example,  the 
Station  XVII  uplift,  this  basin  region  as  a  whole  is  doubtless  intimately 
related  to  the  border  areas  where  the  most  complicated  foldings  and 
faulting  are  prevalent ;  and  the  present  isolation  of  the  basin  ridges, 
as  also  that  of  the  more  extensive  bonier  mountain  belts,  is  due  to  sub- 
sequent erosion. 

That  portion  of  the  upper  basin  of  the  Blackfoot  lying  within  our  ter- 
ritory forms  a  level  plain,  into  which  low  benches  of  basalt  extend  from 
the  basaltic  plateaus  and  neighboring  mountain  ridges.  The  whole  area 
is  doubtless  based  upon  the  great  lava  flow ;  but  in  the  mid-valley  ex- 
tensive tracts  of  level  alluvial  meadow-lands  exist,  through  which  the 
stream  sluggishly  winds  between  muddy  reed-  and  grass-grown  banks, 
resembling  much  a  tide-water  channel.  *"  In  the  adjacent  acclivities  of 
Station  XXIX  ridge  and  the  low  divide  south  of  the  Blackfoot  Itange 
considerable  areas  are  covered  by  white  calcareous  tufa,  de]>osits  made 
by  springs  that  issue  from  the  limestone  ridges. 

John  Gray's  Greek  opens  into  a  wide,  flat  basin  at  its  head,  which  is 
largely  filled  with  meadow-lands,  and  toward  the  south  boundary  of  the 
district  it  is  occupied  by  a  permanent  body  of  shallow  water,  which  is 
known  as  John  Gray's  Lake.  These  alluvial  lands,  consisting  of  a  deep 
fine  brown  soil,  are  exceedingly  fertile  wherever  water  is  carried  upon 
them.  Early  in  the  season  the  influx  of  surface  drainage  greatly  extends 
the  ordinary  and  obscurely-deflned  limits  of  the  lake,  flooding  extensive 
tracts  on  all  sides.  Indeed,  the  greater  portion  of  the  lake  is  merely  a 
marsh,  which  is  being  gradually  reclaimed  by  the  deposition  of  tine 
sediments  washed  from  the  bordering  uplands  and  the  materials  con- 
tributed by  the  decay  of  the  dense  growths  of  reeds,  grasses,  and  moss 
which  flourish  in  the  oozy  soil. 

In  the  midst  of  the  lake  rises  a  low  island,  perhaps  a  hundred  feet 
high,  which  shows  in  the  summit,  near  the  southern  end,  a  rather  promi- 
nent ledge  of  rusty-weathered  rock,  dipping,  at  a  gentle  angle  of  inclina- 
tion, westerly  or  southwest,  in  which  direction  the  elevation  also  declines. 
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The  rock  may  possibly  be  volcanic;  but  it  is  rather  believed  to  belong 
to  the  sandstone  series  which  appears  in  the  low  hills  to  the  southeast 
of  the  lake,  where  they  dii>  gently  southwesterly,  and  pass  into  the  ad- 
jacent district  The  latter  hills  and  their  imperfectly-exposed  strati- 
graphy will  be  briefly  noticed  in  connection  with  the  section  across  the 
Caribou  Range,  through  Station  XXVIII  (Mount  Caribou),  in  the  follow- 
ing section  of  this  chapter. 

THE  CARIBOU  RANGE. 

The  highland  belt  lying  between  the  Willow  Creek  Basin  and  t he-lower 
valley  of  the  Snake  and  its  southern  continuation,  the  Salt  River  Valley, 
to  which  the  general  designation  Caribou  Range  has  been  given,  com- 
prises a  rather  regular  area,  which  extends  from  a  point  south  of  our 
southern  boundary  northwesterly  a  distance  of  40  to  45  miles  within  our 
district,  with  an  average  width  of  about  14  miles.  South  of  McCoy 
Creek  and  the  Caribou  mining  district,  where  it  attains  the  latter  breadth, 
it  gradually  narrows,  and  where  its  crest  shows  a  series  of  undulating, 
wooded  hills.  To  the  north,  again,  it  expands  to  18  miles  across,  be- 
tween Fall  Creek  and  the  next  considerable  stream  to  the  south,  Pyra- 
mid Creek ;  and  thence  northward  it  is  continued  in  a  lower  and  narrower 
ridge,  which  finally  expands  into  a  plateau  overlooking  the  grassy  up- 
land on  the  borders  of  the  Snake  plain.  The  culminating  points  along 
the  main  crest,  which  lies  well  to  the  east  of  the  geographical  axis  of 
the  range,  attain  altitudes  ranging  from  8,000  to  9,600  feet  above  sea- 
level  ;  but  on  the  southwestern  border  in  the  southern  portion  of  the 
range,  the  somewhat  isolated  mountain  mass  in  the  Caribou  mining  dis- 
trict reaches  an  altitude  of  9,800  feet,  and  which  dominates  the  whole 
southwestern  section  of  this  district.  This  peak,  which  was  variously 
known  by  the  names  Caribou  Mountain  and  Mount  Pisgah,  was  re- 
christened  by  Mr.  Bechler  Mount  Bainbridge,  in  honor  of  Captain  Bain- 
bridge,  commandant  at  Fort  IIall?  from  whom  and  Lieut.  Joseph  Hall, 
of  the  same  post,  our  party  met  with  courteous  and  generous  reception, 
which  contributed  materially  towards  furthering  the  objects  of  our  visit. 

A  marked  peculiarity  of  this  range  is  the  relation  of  the  main  or  topo- 
graphic crest  to  the  hydrographic  divide  or  watershed.  As  above  re- 
marked, the  culminating  crest  lies  to  the  east  of  the  central  longer  axis, 
which  is  thrown  into  a  devious  course  by  the  drainage,  with  an  intricate 
system  of  supporting  ridges  due  solely  to  erosion,  and  rugged  inter- 
mountain  spurs,  which  were  determined  by  the  strati  graphic  structure  of 
the  range.  This  belt  is  boldly  severed  by  the  drainage  channels,  across 
which  their  beds  lie  in  deep,  rugged  gorges,  abounding  in  wild  and  pic- 
turesque scenery,  their  somites  originating  in  beautiful  little  maintain 
basins  situate  within  the  southwestern  half  of  the  range.  The  water- 
shed, which  separates  this  main  drainage  from  that  flowing  into  tlie  Wil- 
low Creek  basin,  is  alike  irregular  in  its  course  and  elevation,  :hough 
uniformly  lower  than  the  topographic  crest,  except  a  limited  portion  of 
the  divide,  only  a  few  miles  in  extent,  formed  by  the  dominating  peak, 
Mount  Bainbridge.  But  to  the  north  of  the  latter  mountain,  as  also  to 
the  south,  the  watershed  is  crowded  nearly  over  to  the  south wes;  verge 
of  the  range,  the  sources  of  Tin-cup  and  McCoy  Creeks  rising  within 
three  or  four  miles  of  the  basin  plain  of  Day's  Lake.  Near  the  n.iddle, 
and  between  the  latter  creek  and  Fall  Creek,  the  East  Fork  of  John  Days 
Creek  heads  well  up  in  the  range  at  a  point  from  which  radiates  the 
•drainage  of  the  three  principal  water-courses  which  flow  directly  into 
the  Snake,  viz,  McCoy,  Pyramid,  and  Fall  Creeks.    To  the  north,  two 
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isiderable  tributaries  which  rise  in  the  main  crest  gain  the  main  Wil- 
r  Creek  on  its  right  bank,  while  Grouse  Creek  and  several  smaller 
earns  rise  in  the  opposite  side  of  the  crest  and  flow  into  the  Snake, 
[he  bulk  of  the  range  is  fashioned  out  of  sedimentary  formations,  and 
$e  belong  chiefly  to  the  Mesozoic  and  the  earlier  epoch  of  the  Ceno- 
&  age.  Along  the  middle  portion  of  the  northeastern  border,  rocks 
Palaeozoic  age  are  encountered,  which,  like  the  later-formed  strata, 
ve  been  tilted  and  folded  in  a  remarkable  manner.  The  disturbing 
ras  which  resulted  in  the  plication  of  these  sedimentary  deposits  acted 
etty  uniformly  along  northwesterly  and  southeasterly  lines,  with,  how- 
er,  local  deviations  in  both  the  direction  and  intensity  of  their  inani- 
mation, to  which  is  attributable  the  variety  of  the  phenomena  here  ob- 
rved.  These  may  be  briefly  summed  up  as  sharp  anticlinal  folds,  and 
Responding  synclinal  troughs,  great  flexures  marked  on  the  one  hand 
the  vertical  and  even  overturned  position  of  the  displaced  beds,  while 
the  other  they  appear  to  have  formed  broad-topped  folds  with  gentler 
slination  on  the  opposite  border;  and  it  seems  almost  certain  that,  with 
Me  more  extraordinary  displacements,  are  associated  other  attendant 
enomena,  such  as  the  faulting  of  the  strata,  by  which  formations  of 
note  periods  of  origin  are  brought  into  immediate  juxtaposition  in 

6  opposite  walls  of  the  severed  beds.    Besides  the  deposits  of  sedimen- 

7  origin,  there  are  limited  areas  in  the  higher  mountain  region  where 
As  of  volcanic  origin  are  met  with.  These  are  supposed  to  represent 
t>  distinct  epochs  of  volcanic  activity,  the  one  and  earlier  occurring  as 
re-like  and  intruded  masses,  the  effusion  of  which  not  only  fractured 
>  8edimentaries  vertically,  but  forced  apart  the  strata  between  which 
>y  are  intruded  as  great  wedges.  The  later  effusion,  consisting  of 
chytic  and  other  lavas,  appear  simply  to  have  overflowed  pre-exist- 
T  elevations,  but  which  have  since  been  subjected  to  extensive  erosion, 
on  which  the  unconformably  superimposed  volcanics  have  suffered 
aost  to  annihilation,  only  mere  remnants  remaining  to  show  their  prob- 
le  former  extent.  These  latter  volcanic  flows  pitch  off  towards  the 
sin  depressions,  in  the  borders  of  which  they  are  succeeded  by  the  still 
er  basaltic  lavas  which  till  the  basin  areas  to  the  north  and  west.  The 
al  aspects  of  the  geological  components  of  the  range  will  be  noticed 
fte  at  length  in  the  following  pages,  devoted  to  the  detail  account  of 
e  observations  prosecuted  in  this  quarter.  These  will  be  taken  up  in 
arly  the  order  of  their  original  observance. 

Oar  route  penetrated  the  range  at  its  widest  part,  following  up  the 
tet  Fork  of  John  Gray's  Creek,  or  near  the  middle  in  its  southwest 
tder.  This  stream,  whose  sources  are  gathered  in  a  little  hilly  mount- 
n  basin,  cute  a  short  canon  across  a  rather  high  outlying  ridge,  which 
»e  forms  the  foot-hills  along  the  southwest  flank  of  the  range.  This 
Ige  rises  rather  abruptly  from  the  basin  plain,  800  to  1,400  feet  in 
ight,  its  direction  W.  N.  W.  and  E.  S.  E.  It  terminates  abruptly  on 
fequito  Creek  five  miles  west  of  the  debouchure  of  East  Fork,  to  the 
«t  of  wlrich  it  merges  into  the  watershed  at  the  head  of  McCoy  Creek, 
&ere  it  reaches  its  greatest  elevation.  This  is  the  appearance  as  seen 
>m  the  basin  plain ;  but  it  really  fonns  part  of  a  block  of  the  western 
mk  of  the  range,  from  which  erosion  of  the  drainage  channels  has  al- 
ost  dissevered  it,  a  series  of  extremely  rugged  saddles  and  combs 
pDe  maintaining  its  connection  with  the  parent  mass.  Like  so  many 
the  streams  in  this  range  the  East  Fork  divides  in  its  mountain  basin, 
to  two  branches  uniting  from  opposite  directions,  which  are  found  to 
ftjeide  with  the  general  direction  of  the  strike  of  the  rocks  in  which 
sir  beds  are  eroded.   So,  also,  the  courses  of  the  principal  lateral  tribu- 
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taries  are  generally  determined  by  the  tame  fuses,  Jk. 

stance,  the  side  affluents  of  the  streams  which  rise  in  this. 

molded  it  into  a  series  of  parallel  spore  united  by  a  median 

the  watershed,  and  this  in  torn  by  devious  and  exceedingly 

ridges  hitching  on  to  the  mam  heights  which  lie  to  the  east  of  <ha  drain- - 

age  divide.    From  any  of  the  high  .points  in  the  range,  the  aborodfr 

scribed  features  stand  out  in  boh!  refiet       

Passing  from  the  basin-plain  to  Station  XV1UL,  which  oeeupiee  0* 
crest  of  a  highish  ridge  some  torn  miles  to  the  northeast,  the  first  imfc 
exposures  encountered  are  low  in  the  foot  of  the  outer  ndgef  where  an 
obscure  ledge  of  (1)  reddish  gray  sandstone  forms  a  lowbenchi  ueeiiitf1 
above  the  gravelly  second-bottom  which  here  borders  the  East  Ark  m) 
Gray's  Greek.    Higher  in  the  slope  the  surfhee  is  covered  with  the  rf^b* 
of  (2)  fine  drab  indurated  argillo-calcareous  deposit*  and  drab-gray  Jfan* 
stone,  above  which  appears  (3)  laminated  grayish  buff  sandstone  asso- 
ciated with  red  arenaceous  shales  and  sandstone  layers,  dipping  tooth- 
eriy  or  southwesterly.    A  little  higher  in  the  slope,  and  in  this  4rest>a£r 
low  ridge  west  of  the  debouchure  of  the  Bast  Fork,  similac  (4)  seat 
stones  interbedded  with  deep  and  pale-red  sandy  shales,  making  up* 
heavy  deposit,  show  moderate  inclination  to  the  northeastwai^  india* 
ing  a  low  anticlinal  fold.    The  foregoing  exposures  are,  however*  ff*7 
obscure,  as  is  the  case  with  many  yet  to  be  mentioned  in  the  eastafr" 
portion  of  the  section  here  referred  to;  so  that  it  is  only  now  and  thai 
Sedge  affords  satisfactory  observation  on  their  position  as  determined  far 
the  direction  of  strike  and  inclination  of  the  strata.  Cheesing  op  ttraftfs* 
the  narrow  gap,  the  way  lies  over  a  series  of  deposits,  which  to  the  wart- 
ward  are  seen  outcropping  in  successive  bauds,  one  afeovejthe  offchcr^ 
the  steeper  and  higher  portion  of  the  ridge,  and  also  appear,  though  ap- 
parently less  distinctly  marked,  in  the  more  rounded  ridge  east  of  the 
gap.    These  deposits  were  found  to  consist  of  (5)  sandstone  and  mi 
sandy  shales,  dipping  steeply  northward,  at  one  point  at  an  angle  of  70P, 
standing  up  in  the  surface  like  narrow  dikes  or  combs,  the  harder  ledges 
breaking  into  rhombic  blocks.    In  the  opposite  southeast  side  of  the 
narrows,  the  shales  are  seen  in  steep  banks  of  a  bright  red  color,  while 
everywhere  they  give  to  the  soil  its  peculiar  tint.    Entering  here  the 
little  mountain  basin,  its  floor  is  over  deposits  similar  to  those  last  men*: 
tioned,  or  (0)  dull  chocolate-red  shaly  sandstone  and  reddish  shales,  which, 
however,  dip  southerly  at  a  much  less  steep  angle  of  inclination.    The 
little  basin  is  hemmed  in  by  broken  hills  covered  with  shrubs,  and 
patches  of  conifers  in  the  shaded  deeper  ravines  and  northern  slopea 
The  little  streams  are  obstructed  with  beaver-dams  and  their  namw 
flats,  a  jungle  of  willow  and  low  growth.    It  is  headed  off  by  the  water- 
shed, here  an  extremely  broken  ridge  1,600  to  2,000  feet  in  height,  with 
quite  considerable  tracts  of  pine  and  fir.    Just  to  the  southwest  lies  the 
parallel  ridge  of  Station  XVIIL  in  ascending  which  the  following  ob- 
servations were  made :    In  the  foot  of  the  southwest  slope,  a  heavy  de- 
posit consisting  of  (7)  ledges  of  reddish-gray  sandstone  interbedded  with 
red  shales  with  flakes  of  selenite  and  calcite,  occurs,  dipping  southerly 
or  west  of  south,  at  an  angle  of  35°.    The  much-encumbered  slope  shows 
only  imperfect  exposures  of  (8)  bluish  limestone  debris.  (9)  red  gritty 
shales,  and  (10)  drab  argillo-calcareous  deposits,  whicn  latter  at  one1 
point  appear  in  the  crest  of  the  ridge,  where  their  decomposition  has 
produced  a  soil  peculiar  to  these  shaly  beds.    The  crest  of  the  ridge, 
which  lies  a  little  to  the  north  and  south  of  the  line  of  strike  of  the 
strata,  shows  in  its  southeast  portion  heavy  ledges  of  (11)  rusty  gray 
and  deep  red  shaly  sandstone,  showing  slickenside  surnott  and  miss 
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g,  associated  with  red  shales,  which  stand  in  various  positions,  or 
g  from  vertical  at  one  point  65°,  X.  45°  E.,  changing  in  a  short 
36  to  the  opposite  direction  at  a  steeper  inclination.  This  con- 
to  be  the  character  of  the  ridge  to  its  northwest  extremity,  where 
oken  down  in  a  low  saddle  at  the  head  of  Mosquito  Gulch,  which 
ts  it  with  the  liighlands  to  the  northwest  on  which  Station  XIX 
catcd,  about  three  miles  distant  from  Station  XVUL  At  the  lat- 
nt  the  ridge  shows  an  interesting  section.  The  last-mentioned 
one  horizon,  forming  a  brown  weathered  ledge  with  red  shales. 
ps  in  the  south  declivity  a  hundred  yards  from  the  summit,  ana 
eeply  southward.  A  little  higher  in  the  slope,  a  heavy  ledge  of 
uish-drab,  spar-seamed  limestone  forms  a  break  in  the  steep  de- 
the  dip  ranging  from  45°  to  G0°,  S.  30°  to  41P  W.  It  contains 
rs  of  a  small  Gastreo]>od  and  very  imperfect  Lamellibranchiates, 
rtebrate  remains.  Of  the  latter,  only  a  few  indeterminable  frag- 
of  bone,  and  a  single  specimen  of  a  vertebra,  rewarded  a  careful 
,  The  Gasteropoda  are  undistinguishable  from  a  form  occurring 
ere  in  post-Jurassic  deposits,  and  the  Lamellibranch  may  prove 
ng  to  the  genus  Unio.  Professor  Cope's  determination  of  the  croc- 
.  affinities  of  the  vertebra  also  bears  strong,  though  not  conclusive, 
ce  in  favor  of  the  transitional  or  early  Cenozoic  age  of  these  de- 
The  limestone  is  immediately  succeeded  by  (13)  indurated  brown- 
ruginous  deposits,  also  containing  obscure  fossils,  apparently  a 
libranchiato  shell.  The  crest  of  the  ridge  immediately  above  the 
exposure  is  formed  by  a  heavy  IkmI  of  (14)  hard,  grayish  blue, 
weathered,  spar-seamed,  brecciated  sandstone,  with  slickenside 
38,  and  much  broken  up.    It  dips  73°,  S.  30°  W.,  in  places  verti- 

ii  the  foregoing  observations  it  is  apparent  that  we  at  the  outset 
examinations  along  the  outlying  south  western  border  of  the  range 
iter  evidences  of  the  extraordinary  character  of  the  disturbances 
constitute  so  prominent  a  feature  in  its  dynamical  geology.  In 
ort  space  gone  over  there  are  two  sharp  folds,  that  on  the  crest  of 
Station  XVIII  is  located,  pitching  steeply  to  the  northeastward, 
places  thrown  beyond  the  vertical,  reversing  the  order  of  super- 
»n  of  the  strata  involved  in  the  overturn.  The  northeast  face  of 
a  XVIII  ridge  falls  rapidly  into  the  gulch  of  the  main  northwest 
l  of  the  East  Fork,  over  a  declivity  covered  with  dense  thickets 
miferous  forests.  Beyond  lies  a  far  more  broken  and  higher  mount- 
jion,  culminating  in  Station  XXV,  10  miles  to  the  northeast,  which 
oks  the  lower  valley  of  the  Snake  between  Pyramid  and  Fall 
k  To  the  north,  this  ridge  attaches  to  the  water-shed  at  Station 
northwest  of  which  it  sinks  into  a  broad  depression  some  six  miles 
and  800  feet  in  depth,  opening  a  low  pass  from  Willow  Creek,  via 
reek,  across  to  the  lower  valley  of  the  Snake.  This  pass  is  very 
ie  depression  at  the  head  of  McCoy  Creek,  though  the  cauoncd 
of  Fall  Creek  affords  a  less  practicable  route  for  a  highway  than 
ire  open  valley  of  the  former  stream.  The  view  looking  south  and 
sast  embraces  the  basin  ridges  west  of  Gray's  Lake,  and  the  crater- 
>rthwestern  face  of  Mount  Caribou,  and  far  in  the  distance,  in  the 
Ion  of  the  Wind  River  Mountains,  a  line  of  snowy  peaks  stretches 
the  horizon. 

iroaching  Station  XIX  from  the  valley  of  Willow  Creek,  a  section 
ised  which  extends  our  knowledge  of  the  component  strata  in  a 
ill  more  northerly  than  that  just  noticed.  The  way  leads  in  a  gen- 
ortherly  course  a  distance  of  about  six  miles,  the  southern  third  or 
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more  belonging  to  the  Willow  Creek  drainage,  the  remainder  passing 
over  the  gentler  slopes  descending  into  the  mountain  basin  of  Fall 
Creek.  In  the  gentle  ascent  which  rises  into  the  first  ridge  north  of 
Mosquito  Creek,  a  heavy  series  of  (1)  reddish-buff  or  gray  sandstone 
associated  with  chocolate-red  shales,  rarely  blue  shales  as  in  the  foot  of 
the  bluff  on  the  south  side  of  the  stream,  appeal's,  dipping  at  an  angle  of 
about  45°,  southerly.  These  de]>osits  are  here  largely  developed,  the 
extent  of  the  outcrops  being  probably  not  far  from  three-quarters  of  a 
mile  across.  From  this  first  sandstone  crest  the  way  descends,  passing 
along  the  broken  saddle-crest  to  a  corresponding  and  little  higher  ridge, 
perhaps  a  mile  distant.  In  the  sag  (2)  obscure  sandstone  exposures  fust 
appear,  and  beyond  (3)  another  sandstone  ledge  outcrops  in  a  vertical 
position,  inclosed  in  deposits  of  red  shales.  The  second  ridge  is  capped 
by  (4)  a  similar  ledge  of  sandstone,  dipping  north  ward,  followed  in  that 
direction  by  red  shales  and  sandstones  interbedded,  which  appear  in  the 
saddle  connecting  this  with  the  water-shed  ridge  on  which  Station  XIX 
was  made.  In  the  southerly  slope  of  the  latter  ridge  alternations  of  (5) 
gray,  thin-bedded,  spar-seamed  sandstone  and  red  shales  are  met  with, 
but  in  the  crest  these  are  replaced  by  (0)  a  thick  bed  of  dark  gray  and  light 
drab,  fragmentary  limestone,  dipping  N.  45°  E.  at  an  angle  of  (MP.  The 
only  fossil  observed  in  this  bed  was  a  small  indistinct  Gasteropod  appar- 
ently identical  with  a  form  prevalent  in  the  Laramie  of  this  region.  In  the 
northeast  face  of  Station  XIX  ridge,  a  (7)  heavy  deposit  of  red  shales  fol- 
lows, and  is  in  turn  overlaid  by  (8)  a  heavy  bed  of  gray  limestone,  crowded 
with  a  form  of  small  CJ  astero]>od  in  a  state  of  silicihcation,  but  so  badly  pre- 
served as  not  to  be  determinable  with  certainty.  This  ledge  is  so  compli- 
cated by  cleavage  and  joint  planes  as  greatly  to  obscure  the  true  bedding 
which,  however,  was  found  to  incline  about  northeast  at  an  angle  of  .W. 
This  is  immediately  succeeded  by  (0)  red  shales,  including  gray  brown- 
stained  sandstone,  more  or  less  exposed  in  the  foot  of  the  steeper  decliv- 
ity, from  which  the  descent  to  Fall  Creek  is  over  a  broad  grassy  terrace 
slope  curiously  eroded  by  the  shallow  lateral  draws  of  the  deeper  drain- 
age channels,  which  divide  this  sloping  bench  into  so  many  regular 
compartments.  Owing  probably  to  the  nature  of  the  deposits  is  due 
both  the  long  and  comparatively  gentle  slope  descending  to  Fall  Crock 
and  the  hidden  or  limited  exposures  met  with  along  this  part  of  the  line 
of  the  section.  Hut  such  as  they  are,  and  to  give  the  facts  as  full 
record  as  possible,  they  are  noted  down  in  detail,  their  relative  position 
being  approximately  indicated  in  one  of  the  accompanying  diagrams, 
where  it  will  be  seen  that-  the  strata  referred  to  below  occur  over  a  space 
above  two  miles  across,  in  a  direction  at  right  angles  to  their  strike.  (H|) 
(hay,  brown-stained,  coarse-grained,  laminated  sandstone,  dip  (m°,  >'. 
C0°  E.  This  bed  is  broken  up  by  cleavage  and  joint  structure,  the 
planes  of  which  incline  to  the  southwest  at  angles  of  20°  to  tt.l°.  and.  hut 
for  the  lamina1-  which  portions  of  the  rock  still  retain,  might  bemisi;]kon 
for  the  bedding.  A  space  several  hundred  yards  across  follows,  in  v.  liieli 
only  a  single  rock  ex posure occurs,  near  the  middle,  showing  (11)  a  similar 
even-bedded  rusty-gray  sandstone.  Then  follows  a  dike-like  exposure 
of  (11:)  light  gray,  very  hard  sandstone,  much  broken  up,  and  tilted  on 
end,  though  at  certain  points  along  the  line  of  its  exposure  it  is  slightly 
inclined  from  the  vertical  southward;  again,  an  obscurely  laminated 
layer  of  the  same  bed  dips  at  an  angle*  of  00°,  N.  4(1°  E.  (V\)  lied  shales 
with  calcite,  also  small  abraded  or  nodular  limestone  pebbles  in  surlac"- 
(14)  ^Juch  jointed  and  fractured  hard,  gray,  spar-seamed  sandstone, 
with  slickenside  surfaces.  The  rock  shows  false- bedded  layers, but  the 
prevalent  lamination  in  the  dark-brown  stained  portions  indicates  au 
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lation  S.  55°  W.,  at  an  angle  of  47°.  (15)  Gray  sandstone,  break- 
into  cubical  blocks,  laminae  showing  a  dip  of  35°,  N.  35°  E°.  (16) 
r,  thin-bedded  or  shaly  laminated  sandstone,  rusty  buff  weathered, 
ing  a  heavy  deposit  50  to  80  yards  across  its  outcrop,  and  dipping 
N.  40°  E.  (17)  Gray-buff,  thin-l>edded,  laminated  sandstone,  ex- 
re  20  yards  across,  dip  35°,  N.  40°  E.  (18)  Gray  laminated  sand- 
£ exposure  15  yards  across,  dip  30°  to  40°,  N.  5°  W.  to  N.  45°  E.  (19) 
[  gray,  thin-bedded,  sx>ar-seamed  sandstone,  20  yards  across  expo- 
alp  same  as  last.  North  of  the  last  exposure  a  shallow  sag,  several 
Ired  yards  across,  intervenes  between  the  higher  and  lower  levels 
e  bench,  in  which  occur  obscure  exposures  of  (20)  reddish  shales  with 
te  and  selenite.  In  the  upper  edge  of  the  lower  platform  appears 
a  narrow  ledge  of  soft,  thin-bedded,  spar-seamed,  gray  sandstone, 
rds  across  its  exposed  edges,  dip  00°  to  70°,  S.  50°  W.  (22)  Gray, 
bedded  sandstone,  very  obscure  exposure,  at  one  point  apparently 
ing  northeastward  at  an  angle  of  30°,  the  broken  outcrop  10  yards 
ss.  (23)  Coarse  gray  sandstone,  associated  with  a  2-foot  layer  of 
?iatea  or  conglomeritic  limestone  composed  of  small  fragments  of 

>  limestone,  dipping  at  angle  of  75°,  S.  50°  W.  This  bed  is  included 
ddish  shales  with  calcite  and  gray  sandstone.  (24)  Compact  lam- 
?d  gray  sandstone,  5  yards  across  the  exposure,  dip  30°,  N.  45°  E. 
Gray,  fragmentary,  spar-seamed  sandstone,  2  feet,  underlaid  by  a 
band  of  sandstone  associated  with  red  and  drab  shales,  dip  25°,  N. 
E.  (26)  Gray  limestone  debris  in  low  swell,  associated  with  reddish 
es  containing  calcite,  and  nodules  or  pebbles  of  reddish  stained  and 

>  limestone  in  intermediate  space.  Thence  to  the  brink  of  the  bench 
surface  reveals  only  obscure  exposures  of  (27)  reddish  shales  with 
taps  intercalated  soft  gray  sandstone.  In  the  face  of  the  terrace- 
f  on  the  west  side  of  the  Fall  Creek  intervale,  a  considerable  thick- 

of  (28)  red  and  blue  shales,  with  a  heavy-bedded  Layer  of  gray  sand- 
e,  was  seen,  the  beds  dipping  at  a  moderate  angle  northeastward, 
reappearing,  or  a  part  of  the  same  series,  in  the  opposite  bluff, 
i  the  last  series  of  strata  mentioned  above,  beds  11  to  28,  inclusive, 
lusivc  evidence  is  furnished  on  their  disturbed  condition.  But  the 
tition  of  similar  strata,  together  with  their  generally  indifferent  ex- 
ire,  did  not  allow  the  tracing  out  of  actual  identity  of  any  stratum 
ifierent  points,  except  along  the  outcrop  of  the  same  ledge.  Hence, 
impossible  to  construct  such  a  section  as  shall  represent  actual  strat- 
phic  continuity,  though  we  may  endeavor  to  represent,  approximately, 
position  of  the  strata  in  their  folded  condition,  the  inferences  for 
sli  disposition  may  be  consulted  in  the  diagram  illustration  of  the 
ve  section.  From  this  it  is  apparent  that,  within  the  space  between 
Hon  XIX  ridge  and  Fall  Creek,  these  deposits  have  been  thrown  up 
wo  quite  sharp  folds ;  and  it  is  further  probable  that  they  succeed 
strata  of  the  latter  locality  conformably,  the  folds  to  the  north  sud- 
ly  showing  more  gentle  dips,  which  might,  indeed,  almost  suggest 
interposition  of  nonconfomity  in  explanation  of  their  relative  position. 
&  southernmost  series  of  strata  included  under  No.  1  of  the  above 
tion  apparently  belongs  to  the  similar  series  occurring  to  the  west 
Station  XVIII  ridge ;  and  it  stfems  equally  probable  that  the  fold, 
*  axis  of  which  is  represented  by  No.  «'$,  also  corresponds  to  the  axis 
the  fold  to  which  the  beds  of  the  latter  locality  belong,  llence, 
a  limestones  !No.  6  and  No.  8  evidently  occur  at  a  much  higher  hori- 
tt.  than  that  affording  the  vertebrate  fossils  at  Station  XVIII,  from 
hcIi  the  Laramie  age  of  the  associated  strata  at  the  latter  locality  is 
kned.   But  besides  these,  whose  fossils  unfortunately  do  not  admit  of 
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nt  determination,  there  is  found  in  the  northern  third  of  the  pres- 

scction  a  somewhat  different  series  of  arenaceous  deposits,  mainly 

[racterized  by  their  prevailing  grayer  color  and  generally  looser  text- 

^  and  the  greater  preponderance  of  shaly  deposits  with  whieh  they 

interliedded.    At  a  locality  a  mile  or  so  above  the  upper  entrance  to 

ill  Creek  Canon  these  deposits  appear  in  the  low  bluffs  of  an  arroya 

the  southwest  side  of  the  valley,  where  they  exhibit  a  vertical  thick- 

fcss  of  perhaps  75  feet.    They  consist  of  (a)  a  stratum  of  brown-gray, 

hinted,  spar-seamed  sandstone,  which  outcrops  in  the  bed  of  the  gully; 

\b)  blue  and  chocolate-red  shales,  50  to  75  feet;  (c)  gray,  spar-seamed,    ^  J, 

arse-grained,  sometimes  conglomeritic,  sandstone,  in  places  thin-bed- 
cled,  with  oblique  lamina*,  alternating  with  hard  and  soft  layers,  of  which 
fa  thickness  of  10  to  lli  feet  is  exjwsed,  dipping  at  angles  of  25°  to  33°, 
X.  to  X.  15°  E.  This  locality  derives  much  interest  from  the  occur- 
rence in  the  upper  sandstone  (c)  of  the  remains  of  a  flora,  which  is 
represented  by  several  varieties  of  as  many  dicotyledonous  generic  types. 
These  were  submitted  to  Professor  Lesquereux,  and  in  a  note  kindly 
announcing  the  result  of  his  examination,  the  most  perfectly  preserved 
form  is  referred  to  Auralia.  The  specific  affinities  of  this  fossil  are 
thought  to  l>e  intimate  with  Dakota  Group  forms ;  but  while  Professor 
Lesquereux  takes  due  cognizance  of  this  fact,  he  observes  the  probable 
later  origin  of  this  flora,  and  the  strata  in  which  it  occurs,  belonging  to 
an  e]HM'h  represented  by  the  transitional  or  Laramie  Group,  which  ush- 
ered in  the  dawn  of  the  Cenozoic  time.  The  conclusion  here  indicated 
corresponds  with  the  discoveries  re]K>rted  by  the  survey  in  the  country 
to  the  south,  where  vegetable  remains  of  the  same  general  facies,  here  ms 
referred  to,  are  met  with  in  otherwise  well-determined  Laramie  horizons.         - 

In  the  op]M>site  and  steeper  acclivity  on  the  northeast  side  of  Fall 
Creek  basin,  a  splendid  series  of  strata  in  direct  continuation  of  the 
foregoing  section  is  pretty  well  exposed,  affording  the  data  for  the  fol-  :j 

lowing  detail  stratigraphic  section.    This  side  of  the  valley  is  bounded  y 

by  a  rather  regular  ridge,  which  may  be  traced  many  miles  to  the  south-  ' 

east,  where  it  culminates  in  a  high  crest  at  the  head  of  Pyramid  Creek, 
8,800  feet  in  altitude.  It  reappears  in  the  heights  south  of  McCoy  Creek, 
between  Station  XXV11  and  Mount  Caril>ou  (Station  XXV11I),  while 
to  the  northwest  it  forms  the  portal  of  the  upper  entrance  to  Fall  Creek 
('anon,  and  finally  dies  out  some  distance  beyond  Station  XX,  where  its 
altitude  is  7,-HHMo  8,000  feet  above  sea-level.  As  seen  from  Station 
XIX,  the  southwest  slope  of  this  ridge,  descending  into  the  mountain- 
basin,  is  painted  in  bright  bands  of  color,  light  drab  and  pale  red,  and 
is  lor  the  most  part  quite  free  from  trees.  The  upper  portion  of  the  slope 
is  broken  into  three,  more  or  less,  gradually  sreej>ening  tilted  benches, 
Inmi  the  foot  of  which  a  wide  apron  sweeps  down  into  the  valley,  where 
it  terminates  in  bluffs  1(H)  to  200  iWt  in  height,  which  here  hem  in  the 
intervale  margined  trout-stream.  It  is  in  the  latter  blufl -face  the  lowest 
or  tlrst  exposures  in  this  northeast  border  ridge  are  met  with,  and  these 
Itclong  to  the  series  last  mentioned  in  connection  with  the  preceding  sec- 
tion in  the  opposite  slope  of  the  valley.    The  section  is  as  follows: 

Station  in  the  northeast  border  of  Fall  Creek  basin. 

•m  „.t  red  and  blue  shales;  b,  gray,  shaly  sandstone,  5  feet  exposed, 
iisuU'iI.iid  h\  hard,  indurated,  ferruginous,  gritty  bed,  dip  N.  N.  E.;  c, 
usl   i:.d  l»lue  shales. 

'    » .»m;  grassy  slope,  in  which  obscure  exposures  of  red  and  drab 
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present  determination,  there  is  found  in  the  northern  third  of  the  pi 
cut  section  a  somewhat  different  series  of  arenaceous  deposits,  mat 
characterized  by  their  prevaflinggrayer  color  and  generally  looser  h 
ure,  and  the  greater  preponderance  of  shaly  deposits  with  which  tl 
are  interbedded.  At  a  locality  a  mile  or  so  above  the  npper  entrance 
Fall  Greek  Gallon  these  deposits  appear  in  the  lowbtara  of  an  am 
on  the  sonthwest  ride  of  the  valley,  where  they  exhibit  a  vertical  thj 
ness  of  perhaps  75  feet  They  consist  of  (a)  a  stratum  of  brown-gi 
jointed,  spar-seamed  sandstone,  which  outcrops  in  the  bed  of  the  gal 
(b)  bine  and  chocolate-red  bhales,  80  to  75  feet;  (o)  gray,  spar-seam 
coarse-grained,  sometimes  oongtomeritic,  sandstone,  in  places  thin-t 
ded,  with  oblique  lamin®,  alternating  with  hard  and  soft  lay  ert,  of  wl 
a  thickness  of  10  to  12  feet  is  exposed,  dipping  at  angles  of  25°  to  i 
XT.  to  BT.  15°  E.  This  locality  derives  much  interest  from  the  o* 
rence  in  the  npper  sandstone  (e)  of  the  remains  of  a  flora,  whid 
represented  by  several  varieties  at  as  many  dicotyledonous  generic  ty] 
These  were  submitted  to  Professor  Lesquereux,  and  in  a  note  km 
announcing  the  result  of  his  examination,  the  most  perfectly  preser 
form  is  referred  to  Auralia.  The  specific  affinities  of  this  fossil 
thought  to  be  intimate  with  Dakota  Group  forms ;  but  while  Prof  ee 
Lesquereux  takes  due  cognisance  of  this  met,  he  observes  the  probe 
later  origin  of  this  flora,  and  the  strata  in  which  it  occurs,  belonging 
an  epoch  represented  by  the  transitional  or  Laramie  Group,  which  ii 
ered  in  the  dawn  of  the  Cenocoic  time.  The  conclusion  here  indica 
corresponds  with  the  discoveries  reported  by  the  survey  in  the  coon 
to  the  south,  where  vegetable  remains  of  the  same  general  fades,  h 
referred  to,  are  met  with  in  otherwise  well-determined  Laramie  home 
In  the  opposite  and  steeper  acclivity  on  the  northeast  side  of  I 
Greek  basin,  a  splendid  series  of  strata  in  direct  continuation  of 
foregoing  section  is  pretty  well  exposed;  affording  the  data  for  the 
lowing  detail  stratigraphic  section.  This  side  of  the  valley  is  bouM 
by  a  rather  regular  ridge,  which  may  be  traced  many  miles  to  the  son 
east,  where  it  culminates  in  a  high  crest  at  the  head  of  Pyramid  Gre 
8,800  feet  in  altitude.  It  reappears  in  the  heights  south  of  McCoy  Cre 
between  Station  XXVII  and  Mount  Caribou  (Station  XXVim,  wl 
to  the  northwest  it  forms  the  portal  of  the  upper  entrance  to  Fall  Gr 
Cauon,  and  finally  dies  out  some  distance  beyond  Station  XX,  where 
altitude  is  7,400  to  8,000  feet  above  sea-level.  As  seen  from  Stat 
XIX,  the  southwest  slope  of  this  ridge,  descending  into  the  mount! 
basin,  is  painted  in  bright  bands  of  color,  light  drab  and  pale  red,  t 
is  for  the  most  part  quite  free  from  trees.  The  upper  portion  of  the  si 
is  broken  into  three,  more  or  less,  gradually  steepening  tilted  bene! 
from  the  foot  of  which  a  wide  apron  sweeps  down  into  the  valley,  wh 
it  terminates  in  bluffs  100  to  200  feet  in  height,  which  here  hem  in 
intervale-margined  trout-stream.  It  is  in  the  latter  bluff-face  the  Io* 
or  first  exposures  in  this  northeast  border  rid^e  are  met  with,  and  tb 
belong  to  the  series  last  mentioned  in  connection  with  the  preceding! 
tion  in  the  opposite  slope  of  the  valley.    The  section  is  as  follows: 

Section  in  the  northeast  border  of  Fall  Creek  basin. 

29.  a,  red  and  blue  shales;  6,  gray,  shaly  sandstone,  5  feet  expo* 
underlaid  by  hard,  indurated,  ferruginous,  gritty  bed,  dip  M".  N.  E. 
red  and  blue  shales. 

30.  Long  grassy  slope,  in  which  obscure  exposures  of  red  and  d 
shales  appear. 
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1.  Gray,  thin-bedded  sandstone.  10  to  15  feet  exposed:  dip  50°  to  60°, 
$50  E. 

2.  Beddish  shales,  obscure  exposure  100  yards  across. 

3.  Gray,  shaJy,  obliquely  laminated,  spar-seamed  sandstone,  forming 
arked  ledge  in  first  sharp  break  in  the  slope,  exposed  10  feet;  <ctip 
,  N .  35°  E.  This  resembles  the  plant-bearing  ledge  in  the  opposite 
)  of  the  valley,  bnt  it  is  doubtless  much  higher. 

4.  D&ro-covered  slope,  25  yards  across. 

5.  Gray  sandstone,  2  feet  exposed. 

1.  Beddish  shales  and  debris  in  slope  100  yards  across. 

T.  Hard,  brittle,  gray  and  buff  sandstone,  prominent  ledge,  10  to  15 

exposed;  dip  50°  to  60°  N.  30°  E. 
J.  JDebris-covered  slope,  55  yards. 
h  Hard,  brittle,  fragmentary  brown  sandstone,  4  feet  exposed;  dip 

N.35°E. 

).  Debris-covered  slope,  30  yards. 
L  Greenish-gray,  brittle,  fine-grained  arenaceous  rock,  obscure  ex- 


S.  Bed  shales,  55  yards. 

k  Thin-bedded,  gray  sandstone,  4  feet,  underlaid  by  thin  layers  of 

-grained  sandstone ;  dip  45°,  N.  30°  E. 

L  Bed  shales  and  debris,  20  yards. 

>.  Gray  sandstone,  like  43. 

5.  2W&rt*-covered  slope,  8  yards. 

T.  Gray  sandstone,  like  preceding. 

$.  Bed  shales  with  calcite  and  ddbris,  35  yards. 

D.  Hard,  brittle,  rusty-weathered,  gray  sandstone,  4  feet  exposed,  as- 

iated  with  gray  and  dark  gray,  laminated,  fragmentary  sandstone, 

h  comminuted  vegetable  remains;  dip  45°,  K.  35°  E. 

10.  Defrm-covered  slope,  35  yards. 

A.  Two  ledges  of  sandstone,  separated  by  debris-covered  space,  15  feet 

posed.    The  upper  ledge  is  a  gray,  brown-weathered,  shaly  sandstone 

any:  dip  50°,  X.  40°  E. 

52.  Steep  slope  into  depression,  with  obscure  exposures  of  brown 
ndstone,  70  yards. 

53.  Dark  brown,  drab-mottled  sandstone,  3  feet  exposed ;  dip  60°,  N. 
PE. 

5i  Drab  and  red  shales,  with  thin  layers  of  gray  sandstone,  45  yards. 

55.  Gray,  red,  and  brown-weathered,  thin-bedded  sandstone,  3  feet 
xposed ;  dip  65°  N.  35°  E. 

56.  Bed  and  blue  shales,  27  yards. 

57.  Thin-bedded,  hard,  blue  sandstone. 
1  Red  shales,  15  yards. 

*•  Gray,  thin-bedded  sandstone,  2.J  feet  exposed ;  dip  55°,  N.  40°  E. 

w.  Drab  and  chocolate-colored  shales,  35  yards. 

61.  Gray,  spar-seamed,  brittle  limestone,  with  obscure  traces  of  fossils, 
^lellihranchiates,  2  feet  exposed ;  dip  40°,  N.  40°  E. 

®«  Drab  shales,  25  yards. 

J&  Drab-gray,  fine-grained,  fragmentary  limestone,  thin  bed. 

J**  Drab  shales,  45  yards. 

J**.  Dark  gray,  coarse-textured,  and  drab,  fine-grained  limestsone,  4 
wtexposed;  dip  60°,  K  40°  E. 

66*  Bluish  and  red  shales,  including  a  thin  layer  of  sandstone,  60 

2*  ^y  sandstone,  4  feet  exposed. 

™  Beddish-brown  indurated  shales,  15  yards. 
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CO.  Gray,  fine-grained  sandstone ;  dip  65°,  K  30°  B. 

70.  J>e6r?'«-covered  space,  12  yards. 

71.  Dark  drab  brittle  limestone,  2  feet  exposed. 

72.  Drab  shales  and  debris,  30  yards. 

73.  Gny  limestone,  3  feet  exposed. 

74.  Drab  shales,  40  yards. 

75.  Drab-gray,  brittle  limestone,  30  feet  c:q>osed. 

70.  Abrupt  slope  into  depression,  covered  with  debris,  100  yards. 

77.  Sandstone  ledge,  obscure. 

78.  7>c&meovered  slope,  125  yards. 

70.  Drab  and  gray,  fine-grained,  fragmentary  limestone,  a  heavy  ledge, 
dipping  TO©,  jr.  30°  E. 

80.  lteddish  shales,  80  to  90  yards. 

81.  Gray,  brown-stained,  laminated  sandstone,  10  feet,  or  more,  ex- 
posed in  rugged  dike-like  ledge ;  strike  E.  33°  S.,  dip  wavering  from 
vertical  to  the  north  or  south,  at  an  angle  of  85°. 

82.  Ked  shales,  30  yards. 

83.  Sandstone,  like  bed  81,  but  less  well  exposed,  standing  in  vertical 
ledges,  or  dipping  steeply  to  the  north  or  south,  locally.         • 

84.  Slope  over  red  shales,  and  covered  with  gray  sandstone  and  lime- 
stone debris,  80  yards. 

85.  Dark  gray,  brown-weathered,  fragmentary  limestone,  10  to  15  feet 
exposed,  passing  below  into  greenish,  gritty,  calcareous  layers;  dip  40° 
to  45°,  X.  18°  E.  The  upper  layers  are  charged  with  the  broken  re- 
mains of  a  small  Ostrca,  like  O.  striguleeulu,  an  undetermined  Lamelli- 
brnnch,  and  a  fragment  of  a  shell  doubtfully  referred  to  Rhynchonellcu 

The  last-described  limestone  ledge  forms  the  crest  of  the  ridge  bound- 
ing the  northeast  side  of  Fall  Creek  Basin,  and  as  the  ridge  rises  to  the 
southeast,  the  limestone  is  carried  up  to  higher  elevations,  culminating 
in  a  nigged  mountain  cluster  8,400  feet  actual  altitude,  and  1,000  to 
1,200  feet  higher  than  the  crest  at  the  point  crossed  by  the  section  a 
couple  of  miles  south  of  Fall  Creek  Caiiou.  The  ridge  breaks  down  into 
a  deep  parallel  gulch  on  the  northeast,  beyond  which  a  series  of  similar 
ridges  and  ravines  occupies  the  interval  extending  to  the  lower  valley  of 
the  Snake,  8  miles  distant.  In  the  latter  quarter  the  broken  surface  is 
covered  with  shrubs  and  conifers,  the  latter  especially  flourishing  in  the 
steep  northerly  slopes  and  filling  the  gulch  beyond  our  ridge  with  a 
dense  forest.  The  south-facing  slope,  however,  is  grassy  with  a  sparce 
growth  of  scrubby  cedars.  To  the  northwest  the  highlands  arc  much, 
cut  up  by  deep,  narrow  ravines,  radiating  from  the  watershed  north  of 
Stat  ion  X  X,  which  also  forms  the  culminating  crest  in  the  northern  part 
of  I  he  range.  To  the  westward  lies  the  depression,  opening  into  the 
Middle  Fork  of  Willow  Creek,  a  region  of  low  undulating  surface  con- 
tours, surmounted  by  the  peculiar  inclined  benches  which  mark  the 
presence  of  the  gently  upraised  volcanics.  The  latter  appear  in  the 
uorlli  s'ope  of  the  depression,  renting  on  the  divide,  and  thence  sweep 
round  north  of  west,  continuous  with  the  great  flows  which  fill  the  Wil- 
low <  'reck  Hasin. 

.Wending  to  Station  XX,  opportunity  was  had  for  carrying  our  sec- 
tion ^ .1  ill  farther  into  the  heart  of  the  range,  where  a  variety  of  geolog- 
ical phenomena  of  unusual  interest  were  noted.  The  way  led  up  a 
Kiilcli  tributary  to  Fall  Creek,  and  gaining  the  end  of  the  spur  rising 
north  into  the  summit  on  which  the  station  was  established,  the  flrat 
ledv.c-t  encountered  cannot  lie*  far  north  of,  and  consequently  above  (?), 
the  uppermost  stratum  shown  in  the  preceding  section.    South  of  this 
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i  the  abrupt  slopes  terminating  the  spur,  sandstones  and  drab 
le  ledges  are  seen,  probably  the  equivalents  of  the  strata  occur- 
ow  the  summit  in  the  ridge  of  the  previous  section.  The  section 
x>sed,  along  a  north-south  line,  commencing  one  and  a  quarter 
uth  of  Station  XX,  is  as  follows : 

Section  through  Station  XX. 

eavy  ledge  of  grayish,  rusty- weathered,  fragmentary  limestone; 
thward.    This  bed  may  be  the  same  as  that  in  crest  of  ridge 
st  of  Fall  Creek  Cauon,  shown  under  the  same  nnmber  in  last 
ig  section, 
ig,  with  bluish-gray,  soft,  shaly,  gritty  deposits  above,  50  yards 

ark  gray,  thin-bedded,  fragmentary  limestone,  exposed  8  feet, 
to  45°,  N.  23°  E.  Contains  segments  of  the  column  of  Penta* 
tnd  a  small  Echinoid  (?)  spine, 
ight  depression  covered  with  debris,  50  to  60  yards. 
ray  sandstone,  in  part  thin-bedded,  obscure  outcrop  in  low  crest, 
eep  sag,  in  the  bottom  and  north  slope  of  which  appear  red  shales, 
Is,  more  or  less. 

bscurely  exposed  ledge  of  bluish-gray,  spar-seamed  limestone,.  5 
rarently  dipping  S.  40°  W.,  at  an  angle  of  48°.  Pentacrinu&y  and 
determinate  fossils. 

rab,  indurated,  arenaceous  shales,  30  yards, 
mestone,  similar  to  bed  91,  5  feet. 
£ftra-covered  slope,  30  yards. 

ark  blue-gray,  brittle,  spar-seamed  limestone,  10  to.  20 feet  across 
Top;  dip  55°,  N.  35°  E.    Contains  Pentacrinus. 
ght  drab,  indurated  shales,  30  yards. 

mestone,  like  preceding  bed,  10  to  20  feet  across  the  exposure. 
road,  shallow  sag,  with  red  shales,  100  yards, 
rownish-red  sandstone,  obscure  exposure. 
9e&m-covered    slope,  with  shaly,  gray  sandstone  above,  150 

Srown,  hard,  thin-bedded,  gritty  limestone,  5  feet  exposed;  dip 

B0  E.    Contains  a  small  Ostrea,  O.  strigulecular  White,,  and  Pen- 

. 

Jray  indurated  shales,  15  yards. 

Srown  sandstone,  obscure  exposure. 

!>&ra-covcred,  shallow  sag,  35  yards. 

)arkish-gray  limestone,  imperfect  exposure  of  a  heavy  ledge, 

wl  with  greenish-gray  sandstone,  40  feet  across  outcrop;  dij) 

75°  E.    Obscure  fossils. 

Grayish  sandstone,  seen  in  low,  rocky  ridge  40  feet  across:  dip 

5!Jo  E. 

!)&r&-covered  surface,  upon  which  rest  large,  abraded  Ixxwlder- 

ises  of  dark,  rusty  vesicular  lava  with  obsidian,  300  yards.    This 

-covered  bench  is,  perhaps,  400  feet  lower  than  the  summit. 

leavv  lied  grav,  thin-bedded  sandstone,  20  to  25  feet  5  dip  25° 

tf.  35o  E. 

Wftrw-covered  slope,  GO  yards. 

)irty  gray,  fragmentary  limestone,  obscure  exposure.    Contains 

tes  densus  f  Ostrea  striguleeula. 

Mope,  covered  with  debris  and  fragments  of  obsidian,  10  yards. 

las 
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112.  Ycry  hard,  dark  blue,  chocolate-stained,  spar-seamed  sandstone, 
5  feet  exposed ;  dip  ;*#>,  X.  40°  B. 

lltt.  Low  rid  (jo,  covered  with  the  rusty  brown  vesicular  obsidian  lava, 
also  here  occurring  in  abraded  masses,  GO  yards. 

114.  Slope,  showing  red  shales  and  obsidian  fragments,  125  yards. 

115.  Partially  metamorphosed,  hard  indurated,  chocolate-colored 
shales,  dipping  northeastward,  but  much  obscured  by  cleavage,  passing 
up  into  red  shales,  250  yards. 

1 10.  Dove-colored  or  light  drab,  fragmentary,  sometimes  earthy  lime- 
stone, apparently  forming  a  heavy  bed,  of  which  a  thickness  of  10  to 
20  feet  is  exposed ;  overlaid  by  harder,  rough -weathered  darkish  gray 
and  drab,  heavier  bedded  limestone,  with  obscure  fossils.  The  rock,  in 
places,  weathered  light  yellowish  drab,  and  is  intersected  by  thin  seams 
of  chalcedony.  Dip  north-northeast,  at  an  angle  of  30°,  more  or  less,  and 
flagging  the  northeast  face  of  the  mountain. 

Station  XX  affords  a  line  view  of  the  mountain  summits  to  the  south 
and  southwest,  but  to  the  north  higher  crests  shut  out  the  view  of  tlie 
northern  end  of  the  range.  Looking  down  the  great  spur-like  ridge 
.  which  descends  along  the  north  side  of  Fall  Creek  Canon,  we  gain  » 
pretty  clear  knowledge  of  the  lithological  characters  of  the  rocky  strata 
and  their  distribution  in  the  space  embraced  between  Station  XX  ami 
the  nearest  point  on  Snake  River,  six  miles  to  the  northeast,  just  above 
the  entrance  to  its  lower  canon  in  the  basalt.  Without  presuming  to 
give  the  actual  dip  of  these  strata,  which  the  distance  did  not  allow  of 
satisfactory  determination,  their  ap]>caranco  lias  been  incorporated  iii 
the  diagram  of  the  above  referred  to  section,  and  which  may  bo  briefly 
noticed  as  follows :  Outlying  the  summit  of  the  station  on  the  northeast, 
and  beneath  which  its  limestone  mail  passes  in  its  northeasterly  inclina- 
tion, the  first  break  or  double  parallel  ridge  shows  (1 17)  a  heavy  deposit 
of  red  beds,  largely  composed  of  soft  materials,  with  beds  of  brown  and 
red  sandstone.  Next  beyond,  in  a  narrow  succeeding  ridge,  is  swii 
(1  IS)  a  series  of  light  drab  bunds,  merging  below  into  the  reddish  shales 
of  the  preceding.  Next  occurs  a  wide  and  very  brokeu  belt,  one  to  two 
miles  across,  in  which  appear  (110)  heavy  deposits  of  red-colored  iH'ils; 
then  succeeds  a  lower  and  narrower  ridge,  made  up  of  (120)  light-coloml 
beds,  followed  by  (121)  a  partially  exposed  red-bed  ridge,  apiwirentlv 
lying  near  the  vallev-side,  south  of  the  Snake.  The  strata  of  the  two 
lirst  series  (LL7,  lbs)  evidently  dip  with  the  limestones  (ll<>)  in  Station 
XX  ;  but  in  the  ridges  beyond  it  was  impossible  to  determine  mow  than 
the  general  lithological  peculiarities  of  the  strata,  which  were  seen  to 
cross  the  spur  in  parallel  bands.  However,  to  the  north  we  were  able 
to  extend  our  examinations  into  the  belt  of  deposits  here  referred  to,  ami 
the  results  will  be  alluded  to  presently. 

In  passing  up  the  south  spur  of  Station  XX,  at  a  j>oint  about  a  mile 
from  the  station,  an  interesting  exposure  of  the  same  series  of  struta 
shown  in  the  foregoing  section  occurs  in  the  northwest  side  of  the  gulch* 
The  limestone  and  sandstone  beds,  S."i  to  80,  and  others,  have  the  ap- 
pearance of  having  l>een  quite  overturned,  so  that  these  beds  as  shown 
in  the  section  actually  occupy  an  inverted  position.  Farther  up  tltf 
gulch,  here*  and  then*  exposures  of  light  gray  limestones  arc  traced  to 
the  upper  slopes,  their  outcrop  nearly  horizontal  or  gently  inclined  north- 
erly, as  though  they  constituted  part  of  the  roof  of  a  broad-topped  anti- 
clinal fold,  in  the  southern  flank  of  which  the  strata  were  toppled  <>\vr 
past  the  vertical,  while  in  the  opposite  or  northern  flank  they  hold  thc*r 
natural  relative  position,  where  they  are  overlaid  in  order  by  the  supei" 
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imposed  scries  of  rod  deposits  which,  probably,  in  part,  at  least,  pertain 
to  a  geological  epoch  as  late  as  the  Laramie.  "  The  few  data,  afforded  by 
the  fossils  in  the  upper  limestones  of  the  preceding  section  are  ample  to 
detenninc  their  Jurassic  age,  and  so,  also,  of  the  lower  limestones  in  the 
present  section ;  and  although  their  exact  equivalents  in  the  two  sec- 
tions may  be  left  unsettled,  they  cannot  be  far  removed ;  the  bed  So,  if 
it  is  not  identical  with  that  of  the  same  number  in  the  former  section, 
cannot  be  far  removed  from  that  bed  or  overlying  it  in  the  inverted  posi- 
tion of  these  strata.  At  the  latter  locality  it  was  observed  that  the 
plant-bearing  sandstones  and  the  associated  red  shales,  which,  under 
any  circumstance,  would  not  be  referred  to  a  period  more  remote  than 
the  Cretaceous,  while  they  are  believed  to  be  not  older  than  the  Laramie, 
pitch  into  the  mountainside  where  they  occupy  a  i>ositiou  apparently 
conformable  to  and  underlying  well-determined  Jurassic  horizons.  If 
the  appearances  aljove  alluded  to  are  correctly  interpreted,  and  there 
seems  to  be  no  other  interpretation  admissible,  then  we  have  the  other- 
wise anomalous  position  of  these  strata  fully  explained  in  their  being 
involved  in  disturbances  which  resulted  in  their  upheaval  and  inversion. 
There  is  no  evidence  of  faulting  in  the  strata  at  this  point  by  which  the 
relative  position  of  the  plant-beds  might  be  attributed  to  a  downthrow 
on  the  south  llank  of  the  uplift.  Hence,  on  the  strength  of  the  observed 
facts  and  inferences  derived  from  all  but  as  good  sources,  in  reproduc- 
ing the  sections  across  this  part  of  the  range,  the  structural  features 
are  given  in  accordance  with  the  above-expressed  conclusions. 

Assuming  the  inversion  of  the  strata  south  of  Station  XX,  it  is  ap- 
parent that  the  arch  of  the  fold  has  beeu  completely  denuded  in  the 
mountain  ridges  bordering  on  Fall  Creek  Canon.  But  to  the  north  there 
are  signs,  as  above  mentioned,  of  the  existence  of  remnants  at  least  of 
the  beds  that  spanned  the  great  fold.  If  the  uplift- represented  a  dis- 
placement of  hundreds  or  even  a  few  thousands  of  feet,  the  work  of 
erosion  has  more  than  half  demolished  the  structure  erected  by  the 
dynamic  agents  which  ivplittedand  corrugated  the  accumulations  of  ages 
of  deposition  on  the  ancient  sea-beds. 

The  northwesterly  extension  of  Station  XX  ridge  shows  here  and  there 
remnants  of  the  peculiar  rusty  vesicular  lava,  the  disintegration  of 
which  has  strewn  the  surface  with  fragments  of  obsidian.  These  vary 
in  color  from  jet  black  through  various  shades  of  lavender  to  drab,  with 
aphcmlite  disseminated  through  their  mass.  The  obsidian  appeal's  to 
have  been  in  concretionary  masses,  probably  imbedded  in  the  lava.  At 
numerous  points  along  this  ridge,  red  shales  and  even  sandstones  appear 
to  have  been  more  or  less  changed  by  mctamorphic  action,  probably 
derived  from  proximity  of  the  volcanic 'material.  The  relation  of  this 
rock  to  the  sedimentarics  was  not  satisfactorily  revealed  here ;  but  it  seems 
most  probable  that  these  remnants  belonged  to  an  immense  flow  which 
spread  over  the  high  lands  when  their  surface  was  more  even,  or  before 
erosion  had  fashioned  it  into  its  present  complicated  topographic  re- 
liefs. The  deposit  here  reaches  an  altitude  of  about  7,400  feet  5  and  was 
again  met  with  a  few  miles  to  the  northwest,  where  it  apparently  forms 
a  part;  at  least,  of  the  volcanic  cap  of  high  benches  sloping  oft*  in  the 
direction  of  Willow  Creek. 

About  a  mile  northwest  of  Station  XX,  in  a  corresponding  height,  a 
liea  vy  ledge,  of  brown  weathered  sandstone  appears,  dipping  west  of  south 
at  an  angle  of  35°.  Between  this  point  and  the  station,  a  similar  brown- 
ish-red laminated  sandstone  outcrops  in  the  crest  of  the  ridge  beneath 
the  lava,  where  it  dips  at  an  angle  of  45°  to  tin?  north-northeast.  It  is. 
associated  with  red  indurated  shales,  and  probably  holds  a  stratigraph- 
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ical  position  inferior  to  the  limestone  in  Station  XX.    Descending  the 
spur  westerly  into  the  pretty  little  valley  of  a  tributary  of  the  middle 
fork  of  Willow  or  Porcupine  Creek,  perhaps  half  a  mile  from  the  above- 
mentioned  height,  a  heavy  ledge  of  drab-gray  limestone  forms  a  vertical 
dike,  or  hog-back,  extending  in  an  east-west  direction  diagonally  across 
the  ridge.    It  is  followed  by  a  similar  though  lower  ledge,  inclined  steeply 
southward ;  as  also  does  the  first  mentioned  in  places.    These  ledges 
are  apparently  Jurassic,  and  probably  belong  to  the  Station  XX  uplift. 
In  the  low,  grassy,  undulating  slopes  bordering  the  little  valley  of 
Porcupine  Creek,  which  is  hemmed  in  on  the  south  by  the  high  volcanic- 
cap- :ed  bench  two  or  three  miles  west  of  Station  XX,  the  surface  shows 
frequent,  though  obscure,  exposures  of  red  shales  and  gray  sandstones. 
But  to  the  west,  these  soon  pass  under  the  volcanic  flows  which  slope 
down  into  the  general  level  of  the  volcanic  upland  in  which  Willow 
Creek  is  deeply  caOoned.    A  similar  but  more  isolated  volcanic  bench 
borders  this  little  valley  on  the  west,  and  which  has  from  this  point  of 
view  abutte-like  appearance;  but  on  gaining  the  summit  (7,200  feet), 
it  is  found  to  be  a  plateau,  sloping  westward,  and  protected  oy  a  heavy 
covering  of  drab  and  pinkish  trachyte,  and  yellow  laminated  readily  de- 
composing varieties  with  mica  flakes,  which  splits  into  thin  uneve 
slabs,  giving  to  the  rock  a  bedded  appearance.    It  clearly  rests  upor^ 
the  denuded  edges  of  the  tilted  sedimentaries,  but  no  trace  of  the  pre^-- 
viously  mentioned  vesicular  obsidian  lava  was  here  observed.    Tliis  butter 
like  plateau  is  about  four  miles  due  west  of  Station  XX,  and  little  mor— 
than  a  mile  southwestward  of  Station  XXI,  from  which  it  is  separate   — 
by  the  sag  of  Three-Deer  Creek,  which  flows  into  the  Porcupine; 
southwest  side  marking  the  limits  of  the  continuous  volcanic  fonnatio 
while  to  the  northeast  and  east  the  hills  are  mainly  sedimentary, 
section  carried  from  this  point  along  a  northeasterly  line,  passing  throug — 
Station  XXI,  is  given  below: 

Section  through  Station  XXI. 

3 .  Trachytic  cap  of  plateau  between  Porcupine  and  Three-Deer  Crceksr^- 

2.  Ked  shales  and  soft  gray  sandstones. 

3.  Soft,  false-bedded,  shaly,   gray   sandstone,  15  feet  exposed;  dij^1 
50,  X.  15°  E.    This  ledge  is  partially  concealed  high  in  the  northca^  * 
face  of  the  volcanic-capped  plateau,  but  in  the  lower  ground  to  the  soutLv-  ~ 
east  it  is  traced  as  a  low  hog-back  ridge  extending  down  into  the  Por 
cupine  Valley. 

4.  Eed  shales,  200  yards  across  the  exposure. 

5.  Coarse,  crumbling,  rather  even-bedded  gray  sandstone,  5  feet  ex  — " 
posed,  in  low  wall  in  the  northeast  flank  of  the  volcanic  plateau.  DiU  ^ 
57o,  X.  40o  E. 

0.  Obscure  exposures  of  blue  and  red  shales  and  gray  indurated  sandj^""""" 
beds,  with  calcite,  300  yards. 

7.  Soft  gray  sandstones  with  reddisli  shales,  terminating  below  in — 

8.  Heavy  ledge  of  soft,  shaly,  gray  sandstone,  10  to  20  feet  exposed. 

0.  Slope  to  Three-Deer  ("reek,  showing  obscure- exposures  of  soft  gray*"^ 
sandstone,  with  calcite  fragments  in  the  soil,  400  yards. 

10.  Gray,  thin-bedded  sandstone,  in  low  bluff  50  yards  northeast  oi 
the  stream-bed. 

11.  i>.'7>W.v-covered  slope,  75  yards. 

12.  Coarse,  thin-bedded,  gray  sandstone,  10  feet  exposed;  dip  55°, 
X.  45o  E. 
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13.  Bed  and  chocolate-colored,  partially  indurated  shales,  in  slope  1G0 
yards  across. 

14.  Rusty-stained  sandstone,  5  feet  exposed. 

15.  Dc'trw-covered  slope,  50  yards. 

10.  Thin-bedded  gray  sandstone,  5  feet ;  dip  45°,  BT.  45°  E. 

17.  Chocolate-colored  shales,  50  yards. 

18.  Brown-stained  laminated  sandstone,  5  feet  exposed. 

19.  De&m-covered  slope,  100  yards. 

20.  Gray  sandstone,  obscure  ledge. 

21.  Debris-covered  slope,  20  yards. 

22.  Gray  sandstone,  obscure  exposure. 

•  23.  Steep  slope,  with  red  shales,  110  yards. 

24.  Hard,  thin-bedded,  laminated,  rusty-gray  sandstone,  5  feet  ex- 
posed, but  evidently  much  thicker ;  dip  50°,  S.  35°  W.  Contains  ob- 
scure vegetable  impressions  with  a  narrow  salix-like  lea£ 

25.  Unexposed  space,  35  yards. 

20.  Hard,  brittle,  laminated,  rusty-gray  sandstone,  10  feet  exposed  in 
ledge  forming  crest  of  Station  XXI  ridge ;  dip  55°,  8.  35°  W. 

27.  Slope,  no  exposure,  50  yards.  m 

28.  Brownish  gray  sandstone. 
20.  Red  shales,  50  to  75  yards. 

30.  Gray  sandstone,  10  feet  exposed,  dip  southward. 

31.  Red  shales,  50  to  75  yards. 

32.  Hani,  thin-bedded,  bluish-gray,  brown-stained  sandstone,  heavy 
ledge  50  to  GO  feet  across  the  exposure  5  dii>  southwestward. 

33.  Red  shales,  30  yards. 

34.  Gray  sandstone,  like  32, 10  feet  exposed  5  dip  45°,  S.  45°  W. 

35.  Red  shales.  100  yards.or  more. 

3G.  Bluish  draDj  fragmentary  limestone,  obscure  exposure. 

37.  Light  drab  mdurated  argillo-calcarcous  deposits,  exposed  at  inter- 
vals, 100  to  200  yards. 

38.  Drab  limestone  and  indurated  light-drab  calcareous  shales,  obscure 
exposure. 

30.  Dcfrra-covered  slope,  with  small  irregular  dark  carbonaceous  nod- 
ules in  upper  part,  50  to  100  yards. 

40.  Drab,  fragmentary  limestone,  5  feet  exposed. 

41.  Red  shales,  50  yards. 

42.  Drab,  fragmentary  limestone,  20  feet  exposed ;  dip  55°,  S.  40°  W. 

43.  Red  shales,  100  to  150  yards. 

44.  Gray  and  brown  conglomeritic,  spar-seamed  sandstone,  sometimes 
coarse-grained,  crumbling,  flagging,  10  feet  exposed;  dip  50°,  S.  50°  W. 

45.  Red  shales,  75  yards. 

40.  Drab,  minutely  brecciated,  spar-seamed  limestone  with  commi- 
nuted fossils,  obscure  exposure,  dips  sonthwestward.. 

47.  TMfrm-covered  space,  20  yards. 

4S.  Drab,  fragmentary,  spar-seamed  limestone,  12  feet  exposed.  Dip 
#>o,  S.  45°  W. 

49.  Limestone,  like  bed  48,  heavy  ledge  exposed  at  intervals  over  a 
fiI>ace  75  yards  across. 

50.  Reel  shales,  appearing  in  slope  200  to  300  yards  across. 

51.  Gwv  and  brown  friable  sandstone  flagging,  20  feet  exposed;  dip 
25o  to  35c  ?y.  450  e. 

52.  Red  shales,  exposed  in  sag,  200  yards  or  more  across. 

53.  Drab,  close-textured,  fragmentary  limestone,  much  broken  up  by 
cleavage  and  joint  structure ;  apparent  dip  N.  45°  E.,  at  an  angle 
<*  35°.    This  rock  occurs  as  a  heavy  ledge  in  the  crest  of  a  high  ridge 
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about  one  mile  northeast  of  Station  XXI.  The  southwest  face  in  places 
shows  a  low  mural  exposure,  in  which  the  surfaces  slope  southward  at 
an  an^le  of  80° ;  but  this  api>carance  is  probably  due  to  the  cleavage 
planes. 

One  and  a  half  miles  to  the  north  and  east  the  surface  rises  into  still 
more  elevated  heights  which  form  the  culminating  crest  of  this  portion 
of  the  range — 800  feet  higher  than  Station  XXI  or  8,000  feet  above  sea- 
level.    The  dejMKsits  observed  in  this  slope  are  as  follows: 

54.  Light -drab  calcareous  deposits,  apparently  a  heavy  bed  consisting 
of  limestones  and  indurated  argillo-calcareous  shales. 

55.  Brown  ferruginous  sandstone,  much  broken  up  and  clipping  north- 
eastward, forms  a  heavy  ledge  in  crest  of  low  ridge  opposite  side  of 
deep  gulch,  perhaps  a  quarter  of  a  mile  distant  from  the  limestone  ridge 
at  bed  53. 

50.  A  heavy  series  of  reddish  deposits,  perhaps  half  a  mile  across. 

57.  Light-drab  indurated  calcareous  deposits  overlaid  higher  in  the 
slope  by  still  heavier  deposits  of — 

5S.  Reddish  InhIs  tern  limiting  in  ridge  half  a  mile  below  summit  of  the 
Uigh  barrier  ridge. 

The  occurrence  and  apparent  relative  position  of  the  latter  series  oi 
deposits  are  indicated  in  the  diagram  of  the  foregoing  section.    The  ag^    -* 

of  the  limestone  beds  uorth  of  the  station  was  not  determined  from  pa 

leontological  data;  but  that  the  southern  exposures  of  gray  sandstoues^^B 
and  red  shales  are  clearly  identical  with  the  plant-beds  in  the  inniiiil  lin  ^~i 

basin  of  Fall  ('reek  would  seem  to  warrant  the  reference  of  the  lime 

stones  to  the  Jurassic.    The  sudden  change  in  the  inclination  of  theses^ 
strata,  from  a  northerly  clip  in  the  southwest  slojie  to  southwesterly  in 
clination  in  the  crest  of  the  ridge  at  the  station,  seems  to  mark  the  posi 
lion  of  the  axis  of  the  inverted  strata  involved  in  the  overthrow  of  th 
fold;  indeed  this  is  quite  clearly  shown  to  be  the  fact  in  the  ex]K>s 
to  the  southeast,  where  the  strata  are  seen  to  curve  over  hi  reversed  pt 
sition.     At  all  events,  the  identity  of  the  phenomena  observed  here  witl 
what  obtains  in  connection  with  the  same  set  of  strata  in  the  vicinity  o 
Station  XX  and  in  the  upper  basin  of  Fall  Creek  is  quite  apparent. 

Looking  northwest,  in  the  direction  of  Station  XXII,  the  crest  anc 
northeast-lying  ledges  of  Station  XXI  pass  along  the  broken  slopes  ii 
the  oiiler  in  which  they  are.  represented  in  the  above  section,  the  strike? 
wavering  slightly  from  a  direct  course  and  trending  round  more  into  ai 
east- west  and  south-of-west  direction  u<  they  approach  the  former  sta 
tion.    This  is  indicated  in  the  position  there  assumed  by  the  cres 
sandstone  of  Station  XXI,  which  is  seen  to  curve  over  in  a  low-arehet 
fold,  with  gentle*  inclination  west  of  north.    This  feature  is  further  an< 
better  explained  by  reference  to  an  accompanying  sketch,  and  will 
more  particularly  alluded    to  presently.    About  one  and  a  half  mile 
north  of  Station  XXI  and  the  same  distance  little  south  of  east  of  Sta- 
tion XXII,  the  watershed  runs  up  into  a  high,  isolated  dome,  7,000  feet 
above1  sea-level,  which  is  crowned  by  a  heavy  cap  of  trachyte  similar  to 
that  in  the  high  plateau  southwest  of  XXI,  but  here  associated  with  the 
rusty,  vesicular,  obsidian-hearing  lava  mentioned  as  occurring  in  the 
crest  near  Station  XX.    These  deposits  incline  at  a  moderate  angle 
southwesterly,  but  do  not  reach  the  elevated  volcanic  plain  as  at  the 
former  locality,  erosion  having  formed  a  wide  gap,  separating  this 
remnant-  from  a  similar  sloping  plateau  which  descends  into  the  plain 
west  of  XXII.    The  debris  from  the  volcanic  rocks  conceals  the  sedi- 
mentaries  hi  the  slopes,  but  in  the  steep  declivity  on  the  northeast  side 
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of  the  mountain  a  thick  ledge  of  hard,  darkish  gray,  laminated  sandstone 
in  exposed  in  a  low  wall  which  sweeps  down  into  the  deep  gulch  in  the 
direction  of  the  exposure  of  bed  No.  53  of  the  preceding  section,  with 
which  it  is  either  identical  or  but  little  removed  to  the  north.    The  dip 
of  the  bed  here  is  north-northeastward  at  an  angle  of  45°.    In  the  oppo- 
site direction  the  same  narrow  comb  is  still  traced  in  the  Hank  of  the 
ridge  towards  Station  XXII,  the  trend  curving  gently  round  into  a 
course  south  of  west.    In  a  lower  eminence  of  the  ridge,  west  of  the 
trachyte  dome,  occurs  a  heavy  bed  of  hard,  reddish-gray,  laminated 
sandstone,  in  tliin  layers,  very  iike  that  last-mentioned  above,  and  dip- 
ping at  an  angle  of  40°,  X.  IIP  W.,  though  variable,  as  though  it  formed 
part  of  the  undulating  arch  of  a  low  dome  or  fold.    It  is  here  overlaid 
l>y  a  l^dge  probably  the  same  as  that  in  the  trachytic  dome,  which  out- 
crops in  the  north  Hank  300  yards  below  the  crest.    To  show  the  vari- 
ailik*  lay  of  these  strata,  even  within  short  distances,  at  one  point  in  the 
'west  end  of  this  eminence,  the  bed  dips  westward  at  an  angle  of  20°,  and 
in  the  low  connecting  ridge  just  beyond  the  dip  is  to  the  X.  5°  YV.,  at 
fin  angle  of  30°.    These  beds  are  apparently  underlaid  by  a  ledge  of 
dirty  brown,  minutely  breccia  ted  or  conglomeritic  gritty  limestone,  upon 
ivliich  rests  a  gray  sandstone  ;  and  in  the  summit  of  the  high  point  half 
a  mile  east  of  XXII,  there  appears  a  still  higher  heavy  ledge  of  gray, 
reddish-tinged,  laminated  sandstone,  changed  almost  to  the  condition 
of  quartzite,  dipping  40°,  X.  15°  YV.    The  latter  may  belong  to  one  of 
the  previously  mentioned  ledges. 

Passing  from  the  last-mentioned  poii  \t -to  Station  XXII,  the  summit 
of  the  mountain  is  found  to  lie  capped  by  a  much  broken  up  exposure 
of  ilesh-tinted,  gray,  intensely  hard  sandstone,  dipping  northwestward. 
In  the  southeast  declivity,  about  -00  feet  below  the  summit,  the  descent 
is  broken  by  a  low  mural  exposure,  which  forms  so  conspicuous  a  feat- 
ure in  the  mountainside  as  seen  from  Station  XXL    This  wall  shows 
a  thickness  of  lo  feet  or  more  of  very  hard,  laminated,  gray,  reddish- 
tin  tiad  sandstone,  almost  a  quartzite,  which,  at  the  point  examined,  dips 
l.>°  to  20°.  X.  5°  E.     In  a  less  marked  bench  intervening  between  the 
above  ami  the  summit,  a  heavy  ledge-  of  thin-bedded,  gray  sandstone 
outcrops,  with  a  dip  of  4<P,  X.  4«">°  E.     The  lower  ledge  is,  as  previously 
observed,  identical  either  with  that  forming  the  crest  of  Station  XXI  or 
the  next  ledge  to  the  south,  the  bed  and  associated  strata  at  the  present 
locality  apparently  holding  an  inverted  position. 

The  above,  somewhat  disconnected  observations  are  introduced  with 
the  view  of  presenting  all  the  leading  data  possessed  that  may  aid  to  a 
fair  elucidation  of  the  complicated  structural  features  pertaining  to  the 
west  Hank  of  the  northern  portion  of  the  range.  It  would  appear  that, 
in  this  northern  country,  phenomena  of  the  kind  here  mentioned  are  by 
no  means  of  rare  occurrence:  but  in  the  present  instance,  to  the  writer 
at  leuat,  they  were  of  so  great  interest,  and  in  spite- of  oiu*  opportunities, 
or  their  lack,  not  quite  worked  out  to  our  perfect  satisfaction,  that  it 
was  deemed  preferable  to  give-  a  summary  of  the-  detail  examinations  on 
which  the  conclusions  arrived  at  were  based,  that  they  may  be  shown  to 
be  consistent  with  the  facts  so  far  as  observed. 

Station  XXII  occupies  a  commanding  position  on  the  western  verge 
of  the  range  at  the  head  of  Smoke  ('reek  (east  fork  of  Willow  Creek), 
immediately  overlooking  the  west-sloping  volcanic  plateau  which  termi- 
nates in  a  line  of  steep,  high  bluffs,  fronting  the  station  on  the  west  and 
northwest,  and  which  were  once  continuous  with  the-  similar  benches 
either  side  of  Porcupine  ('reek.  These  volcanics,  as  at  the  latter  local- 
ity** gently  slope  to  the  level  of  the  volcanic-iloored  upland  bordering  the 
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hills.  To  the  southwest  a  belt  of  low  grassy  foot-hills  sweeps  round  the 
northern  border  into  the  debouchure  of  the  Snake,  in  which  highly  tilted 
reddish-brown  strata  appear,  overlaid  by  volcanic  flows  whose  debris 
forms  bare  rocky  slides  in  the  high  declivities,  like  the  disintegrated  out- 
crops of  volcanic-filled  fissures  or  dikes  in  the  sedimentary  formations. 
The  volcanics,  indeed,  sweep  up  on  the  higher  eminences,  crowning  iso- 
lated points  on  the  watershed  within  a  short  distance  north  of  Station 
XXII,  increasing  in  consequence  farther  north,  where  they  doubtless 
still  envelope  quite  extensive  summit  areas,  and  remnants  like  that  on 
the  high  point  between  the  last  two  stations  were  met  with  on  the  north- 
east flank  of  the  range.  These  higher  deposits  are  trachytic  and  rusty 
vesicular  lava  or  porphyritic  trachyte,  the  latter  often  met  with  in  bowl- 
der-like masses.  Crater  Buttes  and  the  Sand-Hills  appear  near  at  hand, 
though  30  or  40  miles  to  the  northwest,  the  mirage  mimicking  a  lake 
expanse  at  their  base.  The  Three  Buttes,  huddled  together  from  this 
direction,  are  seen  far  away  to  the  southwest.  Haze  fills  the  great  plain 
of  the  Snake,  on  the  farther  side  of  which  the  crests  of  the  distant  lofty 
ranges  of  the  Salmon  and  Boise  appear  like  phantom  mountains,  their 
bases  buried  in  the  evening  gloom,  and  their  summits  lighted  up  with 
indescribably  delicate  tints,  only  less  brilliant  than  the  glow  of  the  west- 
ern sky  into  which  the  more  distant  ranges  dimly  fade.  But  at  a  later 
hour,  wheu  the  light  has  faded,  and  the  sky  an  even  silvery  blue,  against 
which  the  mountains  are  projected  in  sharp  relief,  the  grandeur  of  the 
effect  is  almost  inconceivable.  These  early  morning  and  evening  studies 
compensate  a  thousand  fold  the  midday  weariness  of  the  shimmering 
plain  and  shadowless  mountains  and  low  overarclring  brazen  sky. 

Crossing  around  the  narrow  northern  end  of  the  range,  the  gray  sand- 
stones and  red  shaly  deposits  are  met  with  along  the  western  flank  in 
the  shallow  valleys  hemmed  in  by  the  trachytic  flows,  and  a  few  miles 
north  of  XXII,  these  deposits  pass  out  into  low,  rounded,  grassy  hills, 
where  they  appear  as  variegated  beds  over  a  limited  area,  but  are  soon 
hidden  beneath  the  encircling  volcanics.  The  sedimentaries  appear  in 
a  low,  broken  ridge  at  the  north  end  of  the  watershed,  from  the  foot  of 
which  spreads  a  gently  undulating  plateau  bench,  to  the  north  sinking 
into  the  volcanic  upland,  which  descends  into  the  broad  debouchure  of 
the  Snake.  The  low  ridge  is  composed  of  heavy  ledges  of  gray  and  red- 
dish laminated  sandstone  and  shales,  with  drab  and  gray  fragmentary 
limestones,  the  southerly  dip  gradually  lessening  from  an  angle  of  o0° 
on  the  southwest  border  of  the  ridge  to  15°  in  the  western  border  of  the 
plateau,  in  which  latter  quarter  these  deposits  seem  to  form  the  roof 
of  a  low-arched  fold.  To  the  east  the  plateau  is  floored  by  volcanic 
rocks,  consisting  of  the  vesicular  lava  and  trachytic  debris,  and  extend- 
ing across  to  the  eastern  border,  where  they  show  heavy  ledges  in  t he- 
coping  of  the  high  bluffs  on  Grouse  ('reek.  The  sedimentaries  above-  al- 
luded to  are  doubtless  the  series  shown  in  the  section  through  Station 
XXI,  belonging,  however,  to  a  fold  on  the  north  of  that  represented  at  - 
the  latter  locality. 

In  the  angle  between  Grouse  Creek  and  the  Snake  the  culminating 
crest  of  the  range  terminates  in  the  height  selected  for  Station  XXI II, 
from  which  the  view,  looking  northward  out  over  the  debouchure  or 
Snake  Biver,  gives  at  a  glance  the  relations  of  this  bay-like  expanse  to 
the  converging  mountain  barriers,  which,  a  little  higher  up,  define  the 
border  limits  of  the  lower  valley  of  the  Snake  and  its  southern  extension 
up  Salt  River  south  of  the  grand  canon.  This  indentation  belongs  prop- 
erly to  the  upland  volcanic  region,  which  everywhere  in  this  quarter 
margins  the  great  plain — a  sort  of  transition  from  plain  to  highlands — 


PLATE    XXT. 


West  slope  of  the  Caribou  Raxbe. 


From  Station  JOB,  looking   S.E. 


from  station  ZXtrlngc,  looking  jr.X.Yr. 
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and,  as  is  the  case  with  all  these  wide  recesses,  like  the  Blackfoot,  Willow 
Creek,  aud  Pierre's  basins,  the  debouching  river,  immediately  it  leaves  its 
valley  course  to  cross  this  upland  tract  on  its  way  to  the  plain,  enters 
the  "lower  caDon,"  which  it  has  excavated  deep  into  the  volcanic  ma- 
terials that  fill  the  recess.    On  the  northeast  side  of  the  valley  the  Snake 
River  Mountains  gradually  descend  and  run  out  in  a  long,  narrow,  rocky 
^ptir,  flanked  by  the  volcanic  benches.    The  southwestern  flank  of  this 
irange  we  did  not  again  approach  nearer,  the  heights  on  this  side  afford- 
ing excellent  opportunity  for  studying  its  topography,  while  the  unford- 
.siblc  state  of  the  river  prevented  its  passage  at  any  higher  point  for  the 
purpose  of  making  closer  examinations  of  the  geology  of  the  mountain 
tfront,  which  for  several  days  was  provokingly  near. 

Beneath  the  trachyte  in  the  steep  slopes  on  G  rouse  Creek  chocolate- 
colored  shales  api>ear;  but  in  the  opposite  slope,  descending  from  Star 
tnon  XXIII,  a  couple  of  miles  to  the  southeast,  the  sedimentary  beds  are 
gain  revealed,  affording  the  following  section: 

Section  through  Station  XXIIL 

1.  Chocolate-colored  shales,  in  bluff  on  west  side  of  Grouse  Creek, 
Terlaid  by  drab  and  pink  trachyte,  dipping  gently  northwestward. 

2.  Gray,  brown-weathered,  thin-bedded  sandstone,  7  feet  exposed  in 
of  slope  east  side  of  Grouse  Creek;  dip  58°,  S.  05°  W. 

3.  Dtftm-covered  sloi>e,  120  yards. 

4.  Dark  bluish-gray,  rusty  brown  weathered,  fragmentary,  coarse, 
itty  limestone,  5  feet  exposed ;  dip  Go°,  S.  05°  \V. 

5.  Gray,  brown-stained  sandstone,  obscure  exposure,  space  85  yards. 
G.  Red  and  chocolate-colored  shales,  space  45  yards. 

7.  Chocolate-colored  and  drab  fragmentary  limestone,  and  drab  indu- 
**»ted  or  nodular  calcareous  deposits,  obscure  exposure,  35  yards.    Dip 

s.  Red  and  chocolate-colored  shales,  space  75  yards. 

9.  Dark-gray,  gritty  ledge,  obscure  exposure. 

10.  Bluish-grny,  brown-weathered  sandstone,  obscure. 

11.  Unexposed,  space  0  to  11,  inclusive,  35  yards. 

12.  Red  and  chocolate-colored  shales,  space  25  yards. 

13.  Dark  chocolate-drab,  brittle,  fragmentary  limestone,  15  yards  across 
"tl*e  exposure  j  dip  gently  northeastward. 

14.  Chocolate-colored  and  red  shales,  50  yards. 

15.  Rough,  fragmentary,  chocolate-brown  limestone,  obscure  ledge. 
10.  IJcAra-covered  slope,  50  yards. 

17.  Rusty  conglomerate  deposit,  associated  with  fine,  grayish,  lam- 
inated sandstone  above,  forming  a  heavy  ledge  15  to  20  feet  exposed ; 
dip  203,  x.  55o  E. 

18.  l>c;6rw-covercd  slope,  with  fragments  of  light-bluish  limestone  with 
tuireeognizable  fossils,  50  to  100  yards. 

19.  Heavy  conglomeritic  ledge,  forming  irregularly  eroded  mural  expos- 
ures, 30  feet,  more  or  less,  in  height,  encircling  the  brow  of  the  hill,  and 
showing  an  inclination  to  the  north  or  northwestward  at  an  angle  of  20° 
to  230.    This  ledge  is  very  variable  in  the  nature  of  its  components,  in 
places  appearing  as  a  variegated  trachytic  tuff,  in  color,  buff,  chocolate- 
ral  mottled,  drab  and  pink-drab,  with  small  dark  specks.    But  the  most 
characteristic  feature  is  its  conglomeritic  structure,  showing  a  variety 
of  slightly  abraded  coarse  materials,  chieily  quartzito  with  small  frag- 
^uU  of  limestone,  ranging  in  size  from  gravel  to  small  bowlders, 
^ranged  in  layers  and  impacted  in  a  light-buff  line  paste. 
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20.  Coarse  vesicular,  rusty  lava,  occurring  in  abraded  bowlder-like 
masses  in  the  sloping  plateau-like  summit  at  Station  XXIII. 

The  rock  last  mentioned  above  is  probably  the  same  as  that  previously 
mentioned  as  occurring  in  the  watershed  summits  in  the  vicinity  of 
Stations  XX,  XXI,  and  northward.  Oidy  here  it  is  associated  with 
an  inferior  fragmental  deposit,  possibly  also  of  volcanic  origin,  the  pres- 
ence of  which  is  of  more  than  ordinary  interest  for  the  evidence  it 
furnishes  of  the  character  and  relative  position  of  a  kind  of  volcanic 
products  not  of  infrequent  occurrence  in  this  region. 

It  is  apparent  that  the  sedimentary  deposits  in  the  northwest  flank  of 
XXIII  arc  the  same  as  those  met  with  on  the  west  slope  of  the  range  a 
few  miles  distant,  and  it  is  not  improbable  that  the  limestones  prove  to 
be  Jurassic,  though  the  few  traces  of  organic  remains,  unfortunately,  are 
not  in  a  condition  suitable  for  identification.  In  the  steep  south  and 
southeast  slope,  red  shales  show  here  and  there,  100  to  200  feet  beneath 
the  conglomerate,  whose  disintegration  has  strewn  the  declivity  with 
debrte.  In  the  foot  of  the  declivity,  perhaps  a  quarter  of  a  mile  south 
of  the  summit,  a  ledge  of  drab,  gray-mottled,  rough  weathered,  spar- 
seamed  limestone  appears,  showing  an  exposed  thickness  of  8  feet,  and 
dipping  35°,N.  40°  W.  It  contains  a  few  fragments  of  Ostrea  striguleeula  ( t), 
determining  its  Jurassic  age.  From  the  latter  point  the  saddle  ridge 
extends  southward  to  a  high  plateau-like  summit,  one  and  a  half  miles 
distant,  in  the  slightly  tipped  up  east  and  southeast  rim  of  which  there 
appears  a  ledge  of  rusty  vesicular  lava,  inclining  gently  northwestward 
with  the  surface,  which  is  covered  with  groves  of  fir  and  aspen  and  open 
.grassy  glades.  Midway  and  to  the  south  along  the  connecting  spur, 
heavy  ledges  of  gray  and  light  drab  heavy  bedded  limestones,  including 
a  bed  of  reddish  gray  laminated  sandstones,  5  feet  exposed,  and  red 
shales,  lap  up  on  the  western  flank,  and  at  one  point  arch  over  the  ridge 
in  an  anticlinal  fold,  with  dips  N.  35°  to  55°  E.,  at  angles  of  25°  to  45° 
on  the  one  hand,  and  S.  40°  W.,  at  an  angle  of  25°,  more  or  less,  in  the 
opposite  flank.  The  limestones  of  the  west  flank  of  the  fold  form  a  rocky 
spnr  loading  up  to  the  summit  of  the  plateau,  where  they  pass  from 
sight  beneath  the  volcanic  flow.  Bowlder-like  masses  of  the  latter,  with 
fragments  of  black  obsidian,  were  found  scattered  along  the  crest  of  the 
saddle-ridge ;  but  the  volcanic  conglomerate  was  not  again  detected  in 
the  high  mountain  summits. 

The  sedimentary  beds  above  alluded  to  are  very  variable  in  the  direc- 
tion of  their  strike,  so  much  so  as  to  greatly  increase  the  difficulty  of 
tracing  the  folds  into  which  they  have  been  uplifted  for  any  distance  in 
so  broken  a  country  as  this.  From  what  we  have  teen  able  to  learn,  it 
woidd  appear  that  the  strata,  in  this  northern  portion  of  the  range,  have 
been  subjected  to  disturbing  agencies  even  more  complicated  in  the  re- 
sult of  their  action  than  what  obtained  in  the  range  to  the  south. 

In  the  southeast  flank  of  the  little  mountain  plateau  the  sedimentary 
ledges  again  appear,  where,  as  seen  from  Station  XXIV,  they  exhibit 
an  interesting  abrupt  fold,  which  has  every  appearance  of  being  inverted 
on  the  northeast.  The  exposed  strata  involved  in  this  overturn  seem 
to  be  identical  with  the  exposures  observed  in  the  before-mentioned  fold 
in  the  saddle-ridge  on  the  opposite  side  of  the  plateau.  These  beds 
again  appear  in  the  crest  of  the  ridge  just  southwest  of  Station  XXIV, 
where,  however,  they  are  simply  uplifted  into  a  low  arch  of  quite  sub- 
ordinate importance,  forming  merely  a  wrinkle  in  the  generally  south- 
westerly inclined  strata. 

Half  a  mile  or  so  southeast  of  the  volcamc-capped  plateau,  with  which 
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s  connected  by  a  deep  saddle,  rises  a  high  conical  peak  (about  7,600 
t),  the  crest  of  which  is  formed  by  a  heavy  ledge  of  hard  reddish 
ff  sandstone  or  quartzite,  much  broken  up  by  cleavage  and  joint 
uctnre,  and  dipping  southwestward.    Tins  ledge  runs  obliquely  down 

0  the  canon  on  the  south,  and  thence  climbs  the  steep  slopes  to  the 
st  of  the  opposite  ridge,  where  it  forms  another  rugged  comb  outlying 
>  highest  summit  of  the  range  north  of  Fall  Creek ;  to  the  northwest 
soon  passes  into  the  volcanic  mountain-plateau  and  is  soon  lost  to 
w.  On  the  southwest  flank  of  this  peak  100  feet  below  the  summit 
imilar  heavy  ledge  of  darker  rusty  gray  and  buff  laminated  quartzite, 
hard  sandstone,  forms  a  dike-like  comb  skirtiug  the  hillside,  in  which 
hickness  of  20  feet  is  exposed,,  dipping  apparently  N.  50°  E.,  at  an 
jle  of  75°.  The  relations  of  this  ledge  to  that  occurring  in  the  sum- 
:,  from  which  it  differs  mainly  in  its  darker  color,  wTere  not  clearly 
played.  In  the  ridge  to  the  southeast,  where  its  accompanying  ledge 
veil  exposed,  there  is  no  indication  of  these  strata  being  folded  into 
tiarp  synclinal,  and  its  position  here  may  be  due  to  disturbances  of 
rely  local  extent.  This  peak  is  about  two  and  a  half  miles  northeast- 
rd  of  the  previously  mentioned  trachytic-capped  dome  on  the  water- 
d  equidistant  between  Stations  XXI  and  XXII.  In  the  interval 
ween  these  two  points,  an  extremely  broken  region  on  the  headwaters 
Grouse  Creek,  the  same  series  of  strata  occur  as  was  noticed  in  the 
t  on  the  northeast  flank  of  the  range  between  Station  XX  and  the 
ike,  four  miles  to  the  southeast  of  the  present  locality,  and  also  north- 
t  of  Station  XXI  midway  between  the  two  latter  points.  The  inter- 
here  consists  of  alternating  belts  of  red  shales,  reddish  and  gray, 

wn  weathered  sandstones,  bluish  limestones  and  light  drab  calcare- 
deposits,  none  of  which  are  exposed  continuously  over  any  consid- 
t>le  area,  but  appear  here  and  there  in  isolated  patches  in  the  steeper 
>es  and  crests.  The  above  deposits,  extending  over  to  the  trachytic- 
I>ed  dome,  are  introduced  in  the  following  section,  connecting  with 
examined  horizons  in  the  section  through  Station  XXI.  The  present 
tion  from  tiie  quartzite  peak  passes  along  a  line  northeast  to  Station 
LIV  three-quarters  of  a  mile,  thence  in  a  nearly  easterly  direction 
r  and  a  half  miles,  to  the  nearest  point  on  Snake  liiver,  and  is  as 
ows: 

Section  throtigh  Station  XXIV. 

:.  Red  deposits,  occupying  a  wide  belt,  and  perhaps  identical  with 

1  No.  oS  of  section  through  Station  XXI. 

•  Red  and  light-drab  deposits,  the  latter  probably  limestones  and 

urated  calcareous  shales. 

.  Light-drab  deposits,  occurring  in  a  narrow  belt,  and  may  be  the 

ne  as  the  light  band  under  last  above  number. 

f.  Heavy  deposit  of  red  beds,  sandstones  and  shales,  apparently  dip- 

tg  southwestward. 

.  Drab  calcareous  deposits. 

'.  lied  deposits,  sandstones,  &c. 

..  Quartzitic  sandstone,  20  feet  exposed ;  dip  75°,  N.  50°  E. 

I.  Unexposed  space. 

L  Similar  quartzitic  sandstone,  a  heavy  ledge ;  dip  southwestward. 

L  Blue  and  drab  shales,  with  indurated  ferruginous  gritty  layers  and 

dales  in  alternating  thin  bands,  00  feet;  dip  45°,  S.  40°  W. 

5.  Dark  brown,  shaly,  ferruginous  gritty  limestone,' underlaid  by  a 

eater  thickness  of  gray  arenaceous  rock,  10  feet  exposed ;  dip  same  as 

it 
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6.  Chocolate-colored  shales,  60  yards  across  the  exposure. 

7.  Heavy-bedded,  hard,  gray  limestone,  obscure  exposure. 

8.  Reddish  shales,  thick  deposit. 

0.  Gray  sandstone,  obscure  exposure,  200  yards  K.  E.  of  bed  3 ;  dip 
50o  8.  55°  W. 

10.  Bed  shales,  100  yards. 

11.  Heavy-bedded,  rough-weathered,  bluish-drab  limestone,  much 
finctured  by  joint  and  cleavage  structure ;  dip  50°  to  55°,  8.  50°  W. 

lltt.  Drab,  spar-seamed  limestone,  probably  belonging  to  preceding 
bed,  curved  over  and  forming  part  of  an  arch,  as  seen  at — 

lib.  Limestone  same  as  preceding;  dip  N.  45°  E.  at  an  angle  of  18°, 
more  or  less. 

lie.  Limestone,  similar  to  the  preceding  bed,  exposed  in  foot  of  accliv- 
ity rising  into  Station  XXIV;  dip  southwestward  at  an  angle  of  30°. 

lid.  Limestone,  similar  to  preceding,  bedding  much  obscured  by  joint 
and  cleavage  structure,  exposed  20  feet ;  dip  30°,  W.  20°  N.  Forms 
summit  ledge  at  Station  XXIV.  The  limestones  mentioned  under  the 
above  numbers,  11-11<?,  appear  to  be  inverted  in  a  sharp  fold  in  the  oppo- 
site side  of  the  gulch  to  the  northwest,  as  mentioned  in  a  preceding; 
page. 

12.  Red  shales,  50  yards. 

13.  Reddish-gray  sandstone,  beautifully  laminated,  a  heavy  bed,  10 
feet  exposed ;  dip  25°  to  30°,  westward.  ' 

14.  Unexposed. 

15.  Sandstone,  similar  to  preceding  bed. 
10.  Unexposed. 

17.  Sandstone,  like  the  preceding. 

18.  Reddish  chocolate-colored  shales. 

10.  Dark  brown  and  gray,  gritty,  shaly  limestone,  with  Ostrea  strigu~ 
Iccula  (?),  underlaid  by  gray  shalv  sandstone,  20  feet  exposed;  dip  30°, 
S.  05o  W.    Outcrop  200  to  300  yards  below  bed  No.  13. 

20.  Unexposed,  20  to  30  feet. 

21.  Heavv-bedded  reddish  sandstone,  20  feet  exposed. 

22.  Red  shales,  50  to  75  feet, 

23.  Thin-bedded,  reddish-gray  sandstones,  with  ripple  markings,  15 
feet  exposed.  These  heavy  sandstone  ledges  are  finely  exposed  in  the 
slopes  on  the  opposite  side  of  the  canon  to  the  southeast. 

21.  Dark  blue  and  chocolate-colored  shales,  100  feet  or  more,  exposed 
in  saddle. 

25.  Heavy-bedded  gray  limestone,  with  obscure  spicule  and  Pcntacrinu* 
remains,  exposed  10  feet;  dip  25°,  AY.  MP  N.  The  bluff'  or  transverse 
ridge  outcrop  of  the  ledge  is  some  300  or  400  yards  below  the  bluft*  ex- 
posure of  bed  No.  10,  the  west-facing  slope  being  covered  with  limestone 
itibrix  to  the  saddle. 

20.  Drab  or  blue  indurated  calcareous  shales. 

27.  Drab  limestone,  obscure  bench  exposure. 

28.  Reddish  and  drab  shales. 

20.  Drab,  brittle  limestone,  even  balded  below,  exposed  15  feet,  40O 
to  500  yards  below  bed  No.  25.     Dip  25°,  west. 

30.  Unexposed  space,  50  to  75  yards. 

31.  Dark  drab,  fragmentary,  spar-seamed  limestone,  15  feet  exposed- 
Pip  32o,  \V.  iP  8. 

32.  Unexposed  space,  30  to  50  yards. 

33.  Blue,  drab-mottled,  rather  even-bedded  limestone,  like  No.  31,  con- 
taining Oxirea  strigukcula  (t).  This  ledge  here  makes  a  slight  fold  orr 
wrinkle,  gently  inclined  on  the  southwest,  but  more  steeply  pitching  oi» 
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the  opposite  side  at  an  angle  of  30°,  X.  35°  E.,  and  again  gently  rising 
to  the  northeast,  where  it  forms  a  low  bench  outcrop  50  to  75  yards 
from  the  axis  of  the  fold.    A  thickness  of  20  feet  is  exposed. 

34.  Bed  shales,  space  40  yards. 

35.  Drab,  fragmentary  limestone,  obscure  outcrop. 
30.  Difcm-covcrcd  slope,  25  yards. 

37.  Uneven  heavy-bedded  buff  limestone,  apparently  interbedded  or 
associated  with  drab  limestone,  20  to  30  feet  ex]>osed.  The  buff  ledge  is 
variable  in  inclination,  dipping  at  one  point  28°,  W.  45°  X.,  and  a  few 
yards  to  the  east  changing  to  X.  30°  to  45°  E.  at  an  angle  of  30°  to  3o°7 
in  the  direction  of  the  general  sIojk?,  and  passing  under  the  trachytic 
ledges  which  here  rest  on  the  crest  of  the  ridge.  The  buff  limestone 
much  resembles  a  tufaceous  spring  dejiosit. 

38.  Drab  and  chocolate-colored  trachytic  debris  in  crest  of  spur-ridge 
apparently  tilling  a  gully  or  sag  200  to  300  yards  across. 

39.  lteddish-gray  and  buff,  hard,  obliquely-laminated  quartzitic  sand- 
stone, with  slickenside  surfaces  ami  much  broken  up  by  joint  and  cleav- 
age structure.    Forms  a  heavy  lodge,  dipping  25°  to  45°,  S.  30°  to  00°  W. 

40.  Slope,  with  sandstone  debris  in  low  bench  midway,  400  to  500 
yards. 

41.  DSbris  of  drab,  indurated  calcareous  shales  and  nodular  limestone. 
in  brow  of  steep  declivity. 

42.  Unexposed,  100  yards. 

43.  Heavy  ledge  of  light  and  dark  drab  limestone,  20  feet  exposed,  in 
pronuuent  transverse  ridge.    Dip  45°,  S.  50°  W. 

44.  The  main  crest  of  the  spur  from  the  above  ledge  is  composed  of 
trachytic  rock,  which  sweeps  down  iuto  the  valley,  terminating  abruptly 
in  high  bluff's  on  the  Snake  just  above  the  entrance  to  the  u  lower  canon." 
The  undulating  crest  of  the  ridge  is  covered  with  considerable  quantities 
of  water-worn  pebbles  and  bowlders  of  sedimentary  and  other  rocks. 

45.  Crossing  over  to  the  next  spur-ridge  on  the  southeast,  in  the  slope 
perhaps  half  a  mile  from  the  last  limestone  ledge,  43,  there  appears  the 
debris  outcrop  of  light  bluish  spar-seamed  limestone,  which,  lithologic- 
ally,  bears  astrong  resemblance  to  the  Carboniferous  limestones,  although 
no  fossils  were  here  discerned  conclusively  demonstrating  their  age. 

40.  The  above  ledge  is  followed  by  a  heavy  ledge  of  pinkish-gray, 
laminated  quartzite,  dipping  50°,  S.  55°  W.,  which  forms  a  narrow  abut- 
ment ridge  across  the  foot  of  the  spur  through  which  the  little  brook  has 
cut  a  picturesque  canon  passage  just  before  it  emerges  into  a  miniature 
basin  and  Hows  out  to  join  the  Snake  half  a  mile  below. 

The  little  basin  at  the  foot  of  the  above-mentioned  spur  on  the  edge 
of  the  Snake  Valley,  a  few  hundred  yards  distant  from  the  quartzite 
wall,  is  partially  hemmed  in  by  a  low  conical  hill  200  to  300  feet  in  height, 
which  shows  weathered  masses  of  flesh-colored  and  drab  trachyte 
protruding  in  the  upper  slopes,  similar  to  that  observed  in  the  trachytic 
continuation  of  the  main  spur  a  mile  or  so  to  tbe  north.  The  volcanic 
ledges  here  apparently  rest  upon  a  deposit  of  soft  drab  earth,  but  so 
imperfectly  exposed  as  not  to  show  clearly  its  character.  It  resembles 
the  earthy  material  found  in  connection  with  the  late  Tertiary  deposits 
and  superimposed  trachytic  mantle,  as  seen  at  the  before-mentioned 
localities  in  the  vicinity  of  Station  XXX,  and  elsewhere  in  the  valley  of 
the  Blackfoot.  The  water-worn  drift  material  alluded  to  under  Xo.  44 
of  the  foregoing  section,  is  found  scattered  plentifully  over  this  little 
butte,  and  chiefly  consists  of  quartzite  bowlders,  with  few  of  limestone. 
Similar  occurrences  of  this  erratic  material  were  subsequently  met  with 
Irigher  up  the  valley. 
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In  regard  to  the  age  of  the  various  deposits  shown  in  the  foregoing 
section,  the  probable  post-Jurassic  age  of  the  variegated  red  shale*  unci 
sandstones  and  calcareous  deposits  which  ai>pear  in  the  belt  of  country 
lying  to  the  southwest  of  the  initial  point  proper  of  the  detail 
section  has  already  been  remarked.  Outlying  the  hard  quartzitic 
ledge  No.  3  on  the  northeast,  a  heavy  series  of  drab  limestone 
dei>osits,  with  interbedded  variegated  red,  chocolate,  and  blue  shales 
and  reddish  sandstones  is  met  with,  the  fossil  contents  of  which  furnish 
conclusive  evidence  of  their  Jurassic  age.  It  is  difficult  to  estimate  the 
tluckness  of  this  series,  but  it  is  probably  not  less  than  2,000  feet,  and 
this  is  believed  to  be  considerably  under  the  truth.  The  connection  of 
this  series  with  the  limestones  within  the  quartzite  terminus  of  the  spur, 
bed  No.  45,  was  not  traced,  the  slope  being  covered  with  volcanic  mate- 
rials and  debris;  but  on  lithologic  grounds  the  latter  deposits  were 
compared  with  the  Carboniferous.  By  reference  to  the  report  of  Pro- 
fessor Bradley  (Report.  U.  S.  Geol.  Survey,  1872,  p.  270),  it  is  proha-blo 
that  this  is  the  locality  and  these  the  identical  exposures  he  mentions, 
after  crossing  to  the  southwest  bank  of  the  Snake  below  the  mouth  of 
Fall  Creek,  in  which  ho  saw  "  a  few  Carboniferous  fossils."  The  latter 
series  may  extend  up  to,  and  include,  the  limestone  bed  43,  betwixt 
which  and  the,  Jurassic  limestone,  35  and  37  (f),  intervenes  a  rather  wide 
belt,  apparently  Ailed  with  reddish-tinted  brittle  sandstones  and  softer 
materials,  which  occupy  the  position  of  the  "red  beds"  of  the  Triussic 
series.  The  Armer  ledges  of  this  series  are  seen  to  good  advantage  in  the 
opposite  steep  dopes  on  the  south  side  of  the  canon,  where  they  are  steeply 
inclined  southwestwardly,  as  represented  in  the  accompanying  diagram 
of  the  section  at  this  locality.  The  strike  of  these  de]>osits,  throughout 
the  line  occupied  by  the  present  section,  is  pretty  uniformly  southeast- 
ward and  northwestward,  the  exceptions  to  this  mean  direction  being 
few  and  merely  local.  Professor  Bradley  saw,  probably  a  little  lielov 
the  point  visited  the  present  season,  in  connection  with  and  succeeding" 
the  quartzite  above,  "coarse  and  fine  white  sandstones,  and  a  very  fine- 
grained white  doloinitic  limestone,  all  of  uncertain  age,  though  older* 
than  the  overlying  limestones,"  which  latter  have  been  identified  witltt 
horizon  No.  45  of  the  present  section,  in  which  he  rei>orted  the  lindinpc 
of  Carboniferous  fossils.  Hence  it  might  l>e  reasonable  to  infer  \\vlts- 
Silurian  age  of  these*  basal  deposits,  whose  tilted  edges  skirt  the.  north  — 
eastern  foot  of  the  range,  but  for  the  fact  that  doloinitic  limestones  alsi.>> 
occur  in  the  Carboniferous. 

Above;  the  little  trachyte1  butte  the  volcanics  have  been  swept  clear  of 
the  foot  of  the  range,  the  Snake  bottoms  extending  to  the  quartzite  ledjro* 
which  here  forms  the  abrupt  base  of  the  mountain  for  a  couple  of  mik*$«« 
when  the  volcanics  again  occur  in  a  high  bench,  reclining  on  the  flank  of 
the  range.    In  the  angles  of  the  debouchure  of  Fall  Creek,  perhapsa  couple 
of  miles  above*  its  mouth,  the  flank  of  the  range  is  coini>osed  of  heav.v 
deposits  of  bluish-gray  limestones,  probably  of  Carboniferous  age,  ap- 
pearing in  low  foot-hills  from  beneath  the  volcanics,  500  or  more  feet 
above  the  river.    As  far  up  the  winding  and  exceedingly  rugged  eh'fiJc 
of  Fall  Creek  as  we  can  sen*,  the*  sedimentaries  dip  up-stream,  or  south- 
west ward.    The?!  quartzite  which  forms  the  base  of  the  range  at  Butte 
Creek,  three  miles  northwest,  has  been  denuded  at  the  latter  locality? 
giving  place  te>  the  Carboniferous,  which  holds  this  position  for  several 
miles  to  the  southeastward,  when  it  also  passes  into  the  valley  spa*** 
ami  it  is  in  turn  replaced  by  the  highly  tilted  red  sandstones,  as  will  be 
noticed  more  at  length  beyond.    It  would  seem  probable  that  the  Car- 
boniferous deposits  formed  a  great  arch,  the  opposite  flank  of  whkli  is 
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hinted  in  the  northerly  inclined  strata  of  similar  appearance,  which  make 
up  the  barrier  on  the  northeast  side  of  the  valley  in  the  quarter  here 
referred  to. 

Three  miles  above  Pall  Creek,  at  the  point  where  a  little  stream  de- 
scends into  the  valley  from  the  abrupt  northern  or  front  spur  descending- 
from  Station  XXV— one  of  the  dominating  points  of  the  eastern  front  of 
the  range  between  Fall  and  Pyramid  Creeks  which  here  attains  an  actual 
altitude  of  9,000  feet,  or  3,000  feet  above  the  Snake — opportunity  was 
afforded  for  the  prosecution  of  some  interesting  detail  examinations  in  the 
sedimentaries  which  here  make  up  the  northeast  front  of  the  range,  the 
results  of  which  are  given  below.  This  locality  lies  about  three  miles  to 
the  northwestward  of  Station  XXV  and  four  miles  east-southeast  of  the 
debouchure  of  Fall  Creek.  As  the  little  stream  debouches  from  the 
mountains  its  bed  lies  in  a  caiion  across  the  high  volcanic  bench  which 
rests  against  the  foot  of  the  range,  the  relative  position  of  which  is  shown 
in  an  accompanying  section-diagram,  the  further  notice  of  wliich  is  de- 
ferred to  the  section  specially  devoted  to  the  description  of  the  physical 
and  geologic  features  of  the  lower  valley  of  Snake  Kiver.  This  volcanic 
bench  extends  back  from  the  river  between  one  and  two  miles,  when  the 
base  of  the  range  proper  is  reached,  where,  on  the  west  side  of  the  little 
stream,  that  part  of  the  section  relating  to  the  sedimentaries  begins,  ex- 
tending thence  in  a  south-southwest  course  to  the  crest  of  the  before- 
mentioned  front  spur,  and  is  as  follows: 

Section  north  of  Station  XXV. 

1.  Gray  limestone,  in  places  light  granular  subcrystalline,  appearing 
in  bench  outcrop  at  foot  of  ascent,  much  broken  up,  and  not  satisfactorily 
showing  the  bedding.  Dip  probably  soutliwestward,  though  at  one  point 
certain  planes,  probably  joint  structure,  pitch  to  the  N.  25°  W.  at  an 
angle  of  80°.  Contains  Stenopora  or  Fistutipora,  crinoidal  remains,  Fen- 
estella,  Spirifcr^  Product ?/«,  a  small  Platyccras,  &c,  all  characteristic  forms 
of  the  Carboniferous.  This  outcrop  is  800  to  1,000  feet  above  Snake 
Kiver,  the  volcanics  in  places  even  reaching  a  higher  level  on  the  Hank 
of  the  mountain. 

2.  Long  slope,  with  no  rock  exposures  in  situ,  perhaps  half  a  mile, 
covered  with  groves  of  largo  pine,  undergrowth,  and  open  grassy  plots. 

3.  Pink,  laminated  brittle  sandstone,  almost  a  quartzite,  forming  a 
heavy  ledge,  dipping  gently  soutliwestward,  like  the  flagging  of  a  dome 
or  arch. 

4.  Bluish-drab,  spar-seamed  limestone,  pertaining  to  a  heavy  ledge, 
and  contains  a  large  Bellorophoii.  'The  bed  dips  S.  45°  W.  at  an  angle 
of  30°,  but  at  a  neighboring  exposure  the  inclination  changes  to  N.  50° 
E.,  at  an  angle  of  20°,  indicating  the  axis  of  a  fold  or  undulation  in  the 
strata.  A  few  fragments  of  black  obsidian  were  observed  in  the  soil  at 
this  place. 

5.  Gray,  heavy-bedded  limestone,  with  irregular  seams  of  rusty  gray 
chert  or  siliceous  bands,  in  low  bench  exposure  75  to  100  yards  south  of 
IKo.  3.  Dip  22°  soutliwestward.  Contains  Froductw  and  a  large  Spirifcr 
like  S.  camcratus. 

6.  Unexposed,  sag. 

7.  White,  line,  granular  magnesian  (!)  limestone,  a  heavy  ledge,  10 
feet  exposed ;  dip  35°,  southwest. 

8.  Reddish-buff  indurated  arenaceous  bed. 

9.  Dark-blue  and  gray  siliceous  limestone,  with  dark  chert ;  heavy 
bed,  dip  35°,  S.  W.    Spirifer,  Pleurotomaria. 


384      REPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

10.  Rough-bedded,  quartzitic  sandstone,  forms  coping  of  sharp  trans- 
verse ridge,  100  to  200  yards  south  of  No.  5. 

11.  Slope,  with  obscurely  exposed  limestone  beds. 

12.  Gray,  brown- weathered,  fine-grained,  gritty  deposit,  forming  crest 
of  prominent  bench  about  200  yards  south  of  Xo.  10.    Dip  .*33°  to  45^  S.  W. 

13.  Gray  limestone  immediately  overlying  the  preceding  gritty  bed, 
with  numerous  casts  of  a  small  LamcUibranch  shell,  Pleurophorws? 

14.  Unexposed,  100  to  150  yards. 

15.  Itusty-gray  shaly  limestone,  15  feet  exposed ;  dip  38°,  S.  35°  W. 
10.  Brown  arenaceous  shales  and  dark  gray  limestone,  obscurely  ex- 
posed in  slope,  100  yards  or  more. 

17.  Dark  bluish-gray  shaly  fragmentary  limestone,  20  feet  exposed. 

18.  Unexposed,  slope  100  yards  or  more. 

10.  Heavy  and  thin-bedded,  gray,  rusty  brown,  buff  limestones  with 
shaly  grit  bands,  outcropping  in  southerly  flank  of  prominent  trans- 
verse ridge  over  a  space  100  to  150  yards;  dip  35°,  S.  40°  to  45°  \V. 
Fossiliferous  layers  through  this  deposit  from  base  to  top,  the  forms 
being  the  same  tliroughout.  These  consist  of,  at  least,  two  si>ecics,  one 
a  medium-sized  AriculopecteUj  and  the  other  appears  to  be  referable  to 
PscndomouotiSj  the  former  occurring  in  abundance,  but  their  state  of 
preservation  is  less  perfect  than  could  be  desired. 

20.  Southerly  slope  into  dip  sag,  200  to  400  yards,  partly  over  the 
upper  shaly  limestone  layers  of  the  preceding  bed. 

21.  Ked  shales  and  arenaceous  deposits,  more  or  less  clearly  exposed 
in  steep  ascent  rising  into  the  main  crest,  1,000  to  1,500  yards  north  of 
the  outlying  ridge  at  bed  No.  10.  In  the  crest  the  tilted  edge  of  a  heavy 
ledge  of  red  sandstone  appears,  dipping  conformably  with  the  underlying 
deposits,  southwestward. 

The  ridge  last  mentioned  under  Xo.  21  of  the  al>ove  section  attains  an 
elevation  of  2,200  feet  above  the  Snake,  or  an  actual  altitude  of  7,(500  feet. 
The  "red  beds"  of  which  it  is  composed  are  seen  to  reach  an  enormous 
development  in  the  ridges  lying  to  the  south-southeast  in  the  direction 
of  Station    XXV,  four  miles  distant.    From  the  latter  locality,  and 
probably  higher  position  in  the  series,  Mr.  Kiibel  kindly  brought  in 
specimens  of  dark  red,  even,  thin-bedded  sandstone,  which  he  reported 
as  occurring  in  heavy  ledges  in  the  summit  and  along  the  crest  of  the 
front  spur,  where  they  also  dip  off  to  the  southwest.     The  lower  horizons 
of  the  section  furnish  typical  exhibitions  of  the  Carboniferous  lime- 
stone series,  but  that  part  which  is  of  most  interest  is  included  in  tbe 
limestone  series  Xos.  13  to  10.     These  deposits  reach  a  thickness  of  sev- 
eral hundred  feet,  and  might  even  attract  the  attention  from  the  dissimi- 
larity in  their  lithology  as  compared  with  the  inferior  limestones  ami 
siliceous  horizons.     But  the  fossils  contained  in  these  up] ht  limestones, 
though  apparently  few  in  species,  ofier,  both  in  their  specific  affinities 
if  not  identity,  and  their  abundant   prevalence  in  individual  numliers, 
so  striking  resemblance  to  the  Permo-Carbonifcrous  of  other  regions  as 
to  leave  little  room  to  doubt  that  they  represent  the  latest  epoch  of  the 
Upper  Carboniferous  period  in  this  quarter.     In  regard  to  the  red  are- 
naceous deposits  and  sandstones,  which    are  apparently  conformably 
superimposed  on  the  hitter  beds,  their  identity  with  theTriassic  "ml-betln 
series  is  conclusively  proven  both  by  their  lithology  and  relative  position; 
The  great  development  of  these  deposits  in  the  vicinity  of  Station  XX^ 
contrasts  with  their  probable  much  less  vertical  extent  in  the  belt  outlyiitf 
Station  XXIV,  10  miles  to  the  northwest,  though  this  may  prove  tol* 
more  apparent  than  real.    Yet  it  may  be  that  the  red  sandstones  in 
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Station  XXV  pertain  to  horizons  included  in  the  Jurassic,  the  resem- 
blance of  which  to  the  Trias  "red  beds''  is  very  marked  and  liable  to 
deceive.  It  is  not  improbable  the  lower  ledge  of  limestone  arches  over 
an  anticlinal  fold  the  axis  of  which  lies  a  little  to  the  northeast  of  the 
exposure  in  the  space  at  present  overflowed  by  the  volcanic  rocks.  But 
the  data  are  insufficient  to  more  than  suggest  such  a  state  of  things. 

Opposite  Station  XXV  the  Snake  Valley  changes  its  course,  curving 
rouncl  due  southeast,  ascending,  which  direction  it  holds  to  the  conflu- 
ence of  Pyramid  Creek,  and  between  those  points  the  volcanic  flows 
reach  up  on  the  foot  of  the  range  several  hundred  feet  above  the  river- 
level.  In  connection  with  their  general  southeasterly  strike,  the  bend 
of  the  valley  brings  the  "  red-bed"  series  to  the  front  of  the  range  before 
reaching  the  Pyramid,  where  they  dip  into  the  mountain,  southerly.  The 
Pyramid  is  a  high  conical  trachytic  hill,  outlying  the  mountain-side,  aud 
standing  almost  isolated  in  the  valley,  which  is  hero  contracted  and  tilled 
with  low  hills  for  a  few  miles  intervening  between  the  lower  and  upper 
basins.  Pyramid  Creek  debouches  into  a  basin  area,  hemmed  on  the 
west  by  the  steep  red  sandstone  hills,  and  on  the  opposite  side  by  the 
continuation  of  the  same  deposits  and  an  outlying  tongue  of  low  wooded 
hills  which  projects  from  the  foot  of  the  mountain  nearly  to  the  river-sido 
above  a  mile  distant  to  the  northeast.  Looking  up  the  canon,  which 
begins  about  three  miles  above  the  mouth  of  the  creek,  red  beds  alone 
form  the  conspicuous  strata  discernible.  Hut  in  making  the  ascent  of 
the  main  front  ridge  of  the  mountain,  on  the  height  of  which  Station 
XXVI  was  established,  members  of  other  important  formations  are  met 
with,  and  on  gaining  the  summit  we  have  also  mounted  in  the  geological 
scale  to  the  horizon  of  the  Jurassic.  The  section  follows  a  course  from 
the  Snake  Valley  west  of  south  a  distance  of  four  or  five  miles,  and  al- 
though over  wide  belts  in  the  lower  slopes,  few  details  are  revealed,  due, 
probably,  in  part  at  least,  to  the  position  of  the  strata,  and  partly  to  the 
wooded  condition  of  the  slopes,  the  upper  horizons  atibrded  an  interest- 
ing and  better  exposed  set  of  deposits  for  study. 

Section  through  Station  XXYI  ridge. 

1.  Dark  red  rock  debrisy  appearing  here  and  there  in  wooded  ridge,, 
close  by  the  margin  of  the  river. 

2.  Gray  and  drab  limestones,  obscure. 

3.  Gray,  flesh-tinted  rpiartzite  conglomerate,  bedding  very  indistinct, 
at  one  place  inclining  W.  15°  8.  at  an  angle  of  40°.  it  forms  a  heavy 
ledge  outcropping  in  the  crest,  of  the  low  ridge  on  the  northeast  side  of 
the  trail  saddle,  connecting  this  outlying  group  of  low  hills  with  the 
mountain.  In  other  places  the  ledge  seems  to  dip  northeastward,  at  a 
less  steep  angle  of  inclination,  and  again  it  dips  west  at  an  angle  of  48°; 
but  the  first  mentioned  observation  is  probably  nearer  coircct. 

4.  Hard,  spar-seamed,  bluish  limestone,  bedding  almost  or  quite  obso- 
lete, but  appearing  as  a  heavy  ledge  plating  the  sputhwest  slope  descend- 
ing into  the  saddle  depression. 

5.  Obscure  traces  of  red  shales,  staining  the  soil  red  in  the  saddle 
[over  which  the  trail  passes  leading  up  this  side  of  the  valley),  and  reach- 
ing up  on  the  mountain  foot.  Bluish  brecciated  limestone  fragments  are 
scattered  over  the  surface. 

0.  In  a  break  in  the  wooded  slope,  500  to  800  yards  above  the  trail 
saddle,  debris  of  gray  spar-seamed  limestone  ai>pcars,  indicating  the 
presence  of  a  heavy  subjacent  ledge. 

7.  A  few  hundred  yawls  above  the  last,  an  obscure  ledge  of  hard  red 
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sandstone  outcrops  in  a  low  ridge  at  an  elevation  of  about  1,200  feet 
above  the  river. 

8.  A  few  hundred  yards  above  the  preceding  bed,  and  perhaps  one 
and  a  quarter  miles  distant  from  the  trail,  a  heavy  deposit  of  gray,  spar- 
seamed,  gritty  limestone  outcrops  over  a  considerable  belt  in  a  rocky 
point,  accompanied  by  drab,  indurated,  calcareous  shales,  the  ledges 
■dipping  south  westward. 

0.  Succeeding  the  last  ledge  is  a  space  several  hundred  yards  across, 
in  which  frequent  exposures  of  red  arenaceous  shales  and  red  sandstones 
appear,  though  imperfectly  exposed. 

10.  A  thin  bed  of  drab  limestone. 

11.  Space  several  hundred  yards  across,  with  exposures  of  red  and 
•chocolate-colored  shales  below,  red  shales  above,  immediately  underly- 
ing— 

12.  Bed  sandstone,  dipping  southeastward  at  an  angle  of  30°,  forms 
crest  of  prominent  point  about  two  and  a  half  miles  from  the  saddle. 

13.  A  belt  perhaps  half  a  mile  in  width,  in  which  no  rock  exposures 
were  observed,  intervenes  between  the  last  exposure  and  the  second 
prominence  north  of  Station  XXVI.  The  latter  point  is  some  200  feet 
lower  than  the  station^  or  8,200  feet  above  sea-level.  It  is  crowned  by 
a  heavy  deposit,  consisting  of  alternations  of  drab-gray  fragmentary 
limestone  and  indurated  shaly  calcareous  deposits;  dip  30^  to  5CP 
southward.  The  lithological  characters  of  this  horizon  bear  intimate 
•comparison  with  the  bed  described  under  No.  8.  The  limestone  contains 
■columns  of  Pentacrinus^  and  an  imperfect  shell  probably  referable  to 
Aviculopecten.  A  rusty  dark  limestone,  exposed  in  the  south  flank  of 
the  same  ridge,  affords  two  forms  of  Lamelhbranch  shells,  preserved  as 
casts,  which  may  be  compared  with  Pholodomya  and  Tancredia,  species 
of  which  genera  were  described  by  Messrs.  Meek  and  Hayden  from  lower 
Jurassic  horizons  in  the  Black  Hills  region  of  Dakota. 

14.  Thin-bedded  sandstone  and  red  arenaceous  shales,  passing  up 
into  drab,  nodular,  indurated  calcareous  shales,  and  red  shales  above, 
making  a  thickness  of  several  hundred  feet.  The  two  latter  beds,  each 
100  fret  or  more  in  thickness,  are  best  seen  in  the  northeast  flank  of  Sta- 
tion XXVI ;  also  in  the  amphitheatre  west  of  the  first  high  point  a  mile 
north  of  the  station,  where  the  whole  series  may  be  seen  at  a  glanee, 
but  so  cut  up  by  deep  ravines  as  to  greatly  enhance  the  difficulty  of  esti- 
mating their  thickness  even  approximately. 

15.  Heavy  ledge  of  cross-bedded,  reddish-gray,  chocolate-brown  weath- 
ered sandstone,  with  heavy-bedded  conglomeritic  layers.  This  rock 
outcrops  in  the  summit  of  the  high  point  one  mile  north  of  XXVI,  where 
it  sweeps  down  in  the  west  flank,  forming  the  coping  of  the  walls  of  the 
amphitheatre  which  opens  into  the  canon  of  Pyramid  Creek.  It  also 
-occurs  in  the  east  flank  at  Station  XXVI,  where  the  remaining  strati- 
graphic  elements  of  the  section  were  observed.  The  dip  of  the  ledge  is  - 
about  the  same  at  either  locality,  or  35°  south. 

10.  lied  arenaceous  shales,  10  to  20  feet. 

17.  Chocolate-red  and  grayish  sandstones,  cross-bedded  and  beauti — 
fully  laminated,  forming  a  thick  bed ;  dip,  locally,  25°  south. 

18.  Dee])  red  arenaceous  shales,  above  pink  indurated  calcareou^= 
shales,  exposed  in  slope  75  to  100  yards  across. 

10.  Dark  and  light  drab,  fine-grained,  brittle  limestone,  heavy  ledg^ 
in  summit  at  Station  XXVI.  Dip  35°  south  westward.  Contains  nuine^" 
ons  individuals  of  a  small  undetermined  Gasteropod,  Viriparusl 

The  upper  beds  of  the  foregoing  section  are  clearly  Jurassic,  and  it  if 
scarcely  less  probable  the  "  red  beds  v  of  the  Trias  hoid  their  proper 
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tion  in  the  imperfectly  exposed  belt  to  the  north.    But  still  fferthcr  in 
that  direction,  in  the  lower  slopes,  widish  belts  of  alternating  heavy 
limestone  and  red  shales  and  sandstone  deposits  occur,  the  equivalents 
of  which  are  less  satisfactorily  demonstrable,  although  they  recall  the 
alternations  of  calcareous  and  siliceous  deposits  elsewhere  so  character- 
istic of  the  Upper  Carboniferous.    These  deposits  are  probably  further 
complicated  by  their  proximity  to  a  much  disturbed  belt  which  lies 
close  along  the  northeast  border  of  the  range  in  this  vicinity.    Sta- 
tion XXVI  ridge  holds  the  same  relative  position  between  Pyramid  and 
McCoy  Creeks  as  that  of  XXV  below  the  cation  of  the  former  stream; 
that  is,  the  abrupt  front  barrier  along  tha  Snake  Valley.    From  the 
back  of  the  northeast  spur,  along  which  the  above  section  passes,  at 
the  point  capped  by  the  red  sandstone  No.  12,  looking  to  the  westward, 
in  the  rugged,  much-cut-up  northwest  slopes  of  Pyramid  Creek  Cafion, 
a  short  distance  above  or  just  within  the  debouchure,  the  strata  exhibit 
an  interesting  fold,  a  rough  sketch  of  which  is  introduced  in-  an  accom- 
panying plate.    The  nucleus  of  the  fold  shows  light-gray  deposits,  prob- 
ably limestone,  undulating  or  crumpled  along  the  crest  of  the  arch,  and 
pitching  sharply  on  either  flank,  where,  however,  they  are  less  distinctly 
traced.    To  the  northeast  of  the  latter  locality  a  much-disturbed  narrow 
belt,  in  which  the  strata  awe  apparently  tilted  almost  vertical,  or  with 
steep  southerly  dip,  is  followed  by  northeasterly-dipping  red  deposits, 
which,  however,  in  the  steep  slopes  in  the  west  side  of  the  debouchure 
and  lower  down  in  the  vicinity  of  the  Pyramid,  are  observed  to  incline 
in  the  opposite  direction,  southwestwardly.    Above  this  told,  southwest, 
succeed  heavy  deposits  of  ml  shales  and  sandstones,  including  light- 
drab  calcareous  deposits,  which  continue  up  the  canon  and  rise  into  the 
ragged  monoclinal  crest  of  Station  XXV  ridge,  dipping  southwestward. 
The  same  series  also  occurs  on  the  southeast  side  of  the  cafion,  reaching 
well  up  into  Jurassic  horizons,  the  strike  trending  from  a  southeast 
round  more  to  an  east  course  in  tins  latter  quarter.    The  stratigraphic 
display,  as  seen  from  the  high  point  a  mile  north  of  Station  XXVI,  is  of 
exceeding  interest.    At  a  glance  it  shows  the  great  monoclinal  ridge  of 
Station  XXV,  the  superstructure  of  which  is  built  entirely  of  the  rich- 
toned  materials  of  the  Jura-Trias,  and  apparently  based  upon  a  much 
disturbed  foundation  of  Upper  Palaeozoic  rocks.    North  of  the  latter 
station  mention  was  made  of  the  probable  existence  of  a  fold  in  the 
Carboniferous  beds  in  the  foot  of  the  mountain  bordering  the  valley. 
It  is  barely  possible  that  the  latter  fold  has  some  intimate,  even  direct, 
connection  with  the  similar  disturbed  belt  within  the  debouchure  of 
Pyramid  Creek  above  noticed.    Yet  this  is  not  quite  certain.    In  the 
former  quarter  erosion  and  subsequent  volcanic  eruptions  have  destroyed 
and  concealed  the  outlying  northeast  flank  of  the  fold,  so  that  the  means 
are  wanting  for  a  more  critical  comparison  of  the  phenomena  in  that 
quarter  with  the  apparent  greatly-disturbed  corresi>onding  belt  in  the 
toouth  of  Pyramid  Creek  Cuuon.    The  lower  limestone  deposits  of  the 
aWe  section,  including  also  the  limestone  aud  quartzite  in  the  low  ridge 
to  the  northeast  of  the  saddle  over  which  the  trail  passes,  may  with  a 
dtyjree  of  warrant  be  provisionally  referred  to  the  Carboniferous.    But 
ft*'  latter  exposures  occur  quite  beyond  or  outside  the  al>ove-mentioned 
uPlift,  and  probably  belong  to  the  southwest  flank  of  a  fold  the  axis  of 
*hich  may  lie  in  the  mountains  on  the  opposite  side,  or  within  the  area 
°f  the  Snake  Valley.    The  strata  are  pitched  headlong  into  the  intcr- 
vwiiug  synclinal,  and  much  pinched,  as  indicated  by  their  highly-tilted 
P°»ition  in  opposite  directions  in  the  section  more  or  less  well-displayed 
^  the  entrance  to  Pyramid  Creek  Canon. 
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Station  XXVI,  which  attains  an  altitude  of  about  8,400  feet,  com- 
mands the  whole  of  the  upper  basin  of  the  lower  valley  of  the  Snake, 
the  rugged  barrier  of  the  Snake  River  Mountains,  and  a  wide  belt  of 
the  Caribou  Range,  embracing  the  summits  between  Fall  Creek  on  the 
northwest  and  Tin-Cup  Creek  to  the  southeast,  with  the  loftier  portions 
of  the  range  in  view.  Four  miles  to  the  west  the  view  is  shut  out  by 
a  still  higher  mountain  crest,  only  second  in  elevation  to  Mount  Cari- 
bou, or  9,600  feet  above  the  sea,  and  which  occupies  the  axis  of  an 
a  nticlinal  fold.  The  side  toward  the  east  shows  great  plates  of  red  depos- 
its, which  contrasted  beautifully  with  the  snow  cornice  stretched  along 
the  brow,  and  the  deep  green  of  the  fir-clad  lower  intermediate  ridges. 
The  mountains  are  sharply  and  cleanly  sculptured ;  there  are  few  rounded 
or  indistinct  lines  in  their  contour,  and  none  of  those  .jagged  outlines  such 
as  archrean  and  sometimes  volcanic  rocks  often  impart  to  mountain 
topography.  The  ravines  and  northeast  slopes  of  the  mountain  ridges 
are  generally  clothed  in  coniferous  forests  and  undergrowth,  giving  to 
the  whole  aspect  of  the  abrupt  mountain  front,  as  seen  from  the  valley, 
a  densely  wooded  appearance.  The  depression  between  Station  XXVI 
and  the  culminating  crest  of  this  block  of  the  range  to  the  west  marks 
the  position  of  a  sharp  synclinal  fold,  froni  which  the  strata  more  gradu- 
ally rise  up  into  the  crest  of  the  ridge  at  the  station,  and  where  they 
have  the  appearance  of  flattening  out  in  a  broad-topped  arch.  Tliis  may 
indeed  prove  to  be  the  roof  of  the  fold,  before  described,  in  the  lower 
part  of  Pyramid  Creek  Cauon.  Even  from  the  necessarily  meagre  data 
obtained  in  so  hasty  a  visit*  it  seems  almost  certain  that,  while  the  axes 
of  elevation  hold  a  general  and  uniform  course  throughout  the  range, 
but  which  erosion  has  thrown  into  a  relative  position  more  or  less  oblique 
to  the  general  direction  of  the  range,  the  folds  exhibit  in  their  minor  or 
local  manifestations  great  diversity  l>oth  in  course  and  magnitude,  so 
that  their  characteristics  are  subject  to  greater  or  less  change  within 
.short  distances,  and  tending  greatly  to  increase  the  labor  requisite  for 
the  thorough  elucidation  of  the  geologic  features  of  the  whole  range. 

Ascending  the  valley  in  a  south-southeast  direction,  the  mountain 
presents  an  exceedingly  steep  front,  cut  by  numerous  little  streams 
which  debouch  from  picturesque  canons,  whose  mouths  are  usually  tilled 
with  accumulations  of  debris  brought  down  by  torrents.  At  a  place 
some  four  miles  above  Pyramid  Creek  the  steep  mountain-side  shows 
heavy  deposits  of  red  shales  and  sandstones  dipping  southwestward  into 
the  mountain.  These  beds  continue  several  miles,  until  reacliing  an  ex- 
tensive tract  of  beaver-swamps,  perhaps  midway  between  Pyramid  and 
McCoy  ("'reeks,  just  above  which  in  the  southeast  angle  of  the  debouchure 
of  a  little  canon,  where  the  river  approaches  close  to  the  mountain-side, 
similar  rusty -red  deposit**  appear,  steeply  inclined  northeastward.  It 
is  presumed  that  this  locality  marks  the  axis  of  the  pinched  synclinal 
fold  already  remarked  in  the  lower  part  of  Pyramid  Creek  Canon;  at 
all  events,  the  strike  of  the  strata  at  the  latter  locality  would  cause  them 
to  appear  in  the  valley-side  at  about  this  point.  These  deposits  thence 
continue  in  the  steep  slope,  with  frequent  interruption  in  the  continuity 
of  their  outcrop,  to  a  point  two  or  three  miles  below  McCoy  Creek. 
Here,  in  a  low  point  in  the  west  angle  of  a  recess  in  the  hills,  heavy 
lodges  of  dark,  dull  red,  fragmentary,  thin-bedded  sandstone,  banded 
with  lighter  shades  of  color,  appear  in  low  mural  exi>osures,  dipping 
southward  at  an  angle  of  2.")°.  The  same  de]K)sits  also  apiwar  in  the 
low  ridges  and  bed  of  McCoy  Creek  where  its  valley  opens  into  that 
ot  the  Snake,  and  where  they  dip  southwestward  at  the  same  moderate 
angle.    Above  the  latter  point  a  high  bench  of  the  mountain  borders 
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this  side  of  the  valley,  the  foot  of  which  is  closely  skirted  by  the  river 
as  far  as  the  confluence  of  Salt  River,  two  and  a  half  miles,  in  which 
only  obscure  exhibitions  of  similar  beds  are  to  be  detected  for  the  dense 
forests  that  prevail  in  this  quarter.  To  the  south  of  this,  the  range 
passes  beyond  the  limits  of  our  district,  gradually  diminishing  in  alti- 
tude and  in  transverse  dimension,  its  east  side  bounded  by  the  broad 
valley -plain  of  Salt  River. 

In  making  the  ascent  of  the  front  ridge  belonging  to  the  block  em- 
braced between  McCoy  and  Tin-Cup  Creeks,  the  way  lay  across  this 
high  bench  for  about  a  mile,  when  the  steeper  slopes  are  reached  at  an 
elevation  of  700  to  800  feet  above  the  river.  Thence  the  slope  is  steeper 
and  more  broken  to  the  culminating  crest,  which  bears  a  little  west  of 
north  and  east  of  south,  the  strike  of  the  strata  wavering  along  the  crest 
of  the  main  ridge.  Hence,  in  passing  from  the  north  to  the  southward, 
different  beds  are  found  to  constitute  the  protecting  caps  in  the  high 
points,  on  one  of  which  Station  XXVII  was  located  at  an  elevation  of 
3,520  leet  above  the  valley.  The  following  section,  extending  southwest- 
ward  from  the  confluence  of  Salt  River  to  the  crest  or  Station  XX  VII  ridge, 
a  distance  of  about  four  miles,  shows  the  stratigraphic  structure  of  this 
part  of  the  range. 

Section  through  Station  XXVH  ridge. 

1.  Dark  brownish-red  conglomeritic  sandstone,  evidently  a  heavy  bed 
outcropping  in  brow  of  high  bench  500  feet  aoove  Snake  River ;  dip 
southward. 

2.  Long,  gentle  slope,  densely  wooded  and  interspersed  with  beimtiftil 
grassy  glades :  no  rock  exposures  observed. 

3.  Reddish-brown  arenaceous  debris,  mixed  with  the  soil  in  steep 
ascent. 

4.  Red  shales  and  red  sandstone  dibris. 

5.  Limestone  (Mbris. 
0.  Drab  sliales. 

7.  Red  shales  and  red  sandstone  fragments. 

8.  Gray,  reddish  stained  sandstone,  a  heavy  bed  outcropping  in  rocky 
bench  facing  the  valley  two  miles  distant ;  dip  36°,  S.  55°  W. 

9.  Gentle  ascent,  half  a  mile  or  so  across,  with  exposures  of  chocolate- 
red  shales  and  reddish-gray  sandstone. 

10.  Dark  drab  fragmentary  limestone,  a  thickness  of  20  feet  exposed 
in  rocky  ridge,  underlaid  by  dark  drab  shales  including  thin  layers  of 
limestone.    Dip  549,  N.  65°  E. 

11.  Red  shales. 

12.  Drab,  spar-seamed  limestone,  with  some  chert.    Dip  55°,  N.  00°  E. 

13.  Drab  limestone,  similar  to  preceding  beds,  20  feet  exposed ;  dip 
50o,X.GoOE. 

14.  Drab  shales,  10  feet,  underlaid  by  red  and  chocolate-colored  shales, 
*>feet 

15.  Red  sandstone,  10  feet. 

16.  Red  and  «'hocolate-colored  shales,  50  feet. 

17.  Reddish  gray  and  brown  sandstone,  interbedded  with  dark  red- 
dish-brown shales. 

18.  Modular  limestone. 

19.  Dark  gray  laminated  sandstone,  15  feet  exposed;  dip  50°,  N.  55°  E. 

20.  Brick-red  shales,  50  yards  across. 

.  21.  Dark  reddish-brown,  beautifully  laminated  and  false  bedded,  hard- 
Hh  sandstone,  interbedded  with  heavy  layers  of  reddish-brown   con- 
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glomerate,  forms  a  heavy  deposit  several  hundred  yards  across,  flagging 
a  prominent  outlying  ridge :  dip  35°  to  45°,  X.  55°  E. 

22.  Bed  and  chocolate-colored  shales,  50  to  100  yards  across. 

23.  Drab,  fragmentary  limestone,  forming  a  heavy  bed;  dip  28°,  N. 
45°  E.    Contains  a  small  Gasteropod,  too  imperfect  for  determination. 

24.  Chocolate-colored  and  red  shales,  50  to  100  yards. 

25.  Keddish-brown,  laminated  sandstone,  40  feet  exposed. 
2G.  Reddish  shales,  space  50  yards  across. 

27.  Reddish  sandstone,  similar  to  bed  No.  25, 10  feet  exposed. 

23.  Chocolate-colored  shales,  in  steep  slope,  50  to  100  yards. 

20.  Redish  brown  and  gray,  obliquely-laminated  sandstone,  a  heavy 
ledge  25  yards  across  the  exposure,  at  one  place  a  mile  north  of  Station 
XXVIII,  forming  crest  of  main  ridge;  dip  20°  to  35°  E.  15°  S.  to  E. 
30°  X.  This  probably  belongs  to  the  preceding  overlying  beds  25  and  27, 
which  together  make  up  a  thick  deposit,  including  the  red  and  Choco- 
late shales  20  and  28. 

30.  Chocolate-colored  shales,  including  a  layer  of  hard,  bluish-gray, 
gritty  limestone,  with  Belemnites  densus,  and  dark-brown  sandstone  layers. 
Exi>osed  in  slope  west  side  of  crest  a  mile  north  of  Station  XXVII,  and 
100  yards  or  more  across. 

31.  Heavy  ledge  of  conglomerate  and  dark,  reddish-brown  laminated 
sandstone,  20  feet  exposed ;  dip  25°,  X.  40°  E. 

32.  Steep  debris-covered  slope,  300  yards  or  more  across,  showing  red- 
dish shales  aud  reddish  sandstones,  with  harder  layers  of  dirty  gray 
sandstone  in  lower  portion  of  slope,  where  the  dip  is  south  westward,  at 
an  angle  of  40°.  In  the  lower  portion  of  the  slope  a  thin,  dirty,  gritty 
band  occurs,  which  is  charged  with  a  pretty  little  Qryphasa  f  f J  charac- 
terized by  a  few  strong  radiating  plications ;  there  are,  besides,  frag- 
ments of  Ostrea  strigulecula  and  Lingula. 

31a.  ITeavy  ledge,  made  up  of  gray  sandstone,  dark  conglomerate, 
and  dark,  reddish-brown  laminated  sandstone,  arranged  the  order 
mentioned,  but  imperfect1  y  exposed;  dip  35°,  S.  45°  TV. 

30(i.  Unexposed  space. 

20/i.  Reddish-brown,  laminated,  hard  sandstone,  imperfectly  seen. 

2$a.  lied  shales. 

27rt-25a.  Reddish-brown  sandstone,  obscure  exposure. 

2-ki.  Red  shales. 

23a.  Fragmentary  limestone,  10  to  15  feet  exposed,  overlaid  by  light 
drab  shaly  limestone  and  indurated  calcareous  shales,  apparently  form- 
ing a  heavy  bed,  100  yards  across  the  exposure. 

22//.  Red  shales. 

21a.  Heavy  ledge  dark,  reddish-brown  sandstone  and  conglomerate, 
dip  southwestward,  the  angle  of  inclination  steepening  as  the  ledge 
passes  down  into  a  deep  lateral  ravine  communicating  with  McCoy 
Creek  Valley. 

Station  XXVII  ridge  extends  al>ove  three  miles  in  a  direction  a  little 
east  of  south,  its  summit  preserving  quite  uniform  heights  8,800  to  9,000 
feet  above  sea-level.  The  individual  peaks  all  show  monoclinal  structure, 
but  the  mass  of  the  ridge  is  built  upon  an  anticlinal  fold  whose  axis 
apparently  lies  along  the  west  flank  as  far  south  as  the  station,  curving 
in  and  out  in  its  course,  the  conglomerate  cap,  No.  31,  at  the  hitter  point 
belonging  to  the  east  flank  of  the  uplift,  the  same  as  at  the  point  where 
the  foregoing  section  crosses  the  ridge  a  mile  to  the  northward,  where, 
however,  this  stratum  appears  in  the  west  slope  and  arching  over,  as 
shown  in  the  accompanying  diagram.  The  strata  exposed  in  this  fold 
pertain  to  the  Jurassic,  and  besides  the  general  interest  of  this  part  of 
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the  section  it  also  possesses  much  additional  interest  in  the  perhaps 
more  or  less  local  stratigraphic  details  here  displayed  and  the  fauna  ob- 
served in  connection  with  some  of  the  beds.  It  would  appear  that  the 
greater  portion  of  the  outlying  eastern  flank,  in  which  a  well-defined  syn- 
clinal fold  exists,  also  is  occupied  by  beds  of  Jurassic  age.  But  in  the 
border  of  this  slope,  in  the  area  of  the  foreland  bench,  it  may  be  possi- 
ble the  sandstones  and  arenaceous  shales  of  the  Triassic  "red-bed" 
series  make  their  appearance  in  the  regular  descending  order  of  their 
stratigraphio  sequence,  although  their  identity  is  open  to  question. 

From  the  summit  the  topographic  and  stratigraphic  relations  of  this 
mountain  ridge  are  well  displayed.    It  is  stratigraphically  identical  with 
the  high  dominating  ridge  west  of  Station  XXVI,  and  almost  due  north- 
west, of  the  present  station,  the  crest  of  the  anticlinal  being  traced  al- 
most continuously  between  the  two  points,  though  it  is  broken  through 
by  the  valley  of  McCoy  Creek  in  the  foreground.    To  the  northeast  of 
this  fold  in  the  strata  the  synclinal  depression  shown  in  the  foregoing 
section  also  has  its  counterpart  in  the  depression  between  the  dominat- 
ing ridge  and  Station  XXVI,  the  beds  curving  up  in  a  broader,  flat- 
topped  arch  in  the  latter  station.    The  sketch  introduced  in  an  accom- 
panying plate  will  convey  a  clearer  idea  of  the  features  here  alluded  to. 
The  broken  and  more  wooded  eastern  slopes  exhibit  less  satisfactorily 
the  stratigraphy  and  structural  features,  though  in  the  declivities  on  the 
lower  course  of  the  valley  of  McCoy  Creek  the  beds  show  moderate 
southwesterly  inclination  which  continues  to  the  debouchure.    It  seems 
almost  certain  that  these  formations  in  the  region  on  and  south  of 
Pyramid  Creek,  in  the  vicinity  of  XXVI,  have  been  bulged  up  into  a 
broad  low  dome  of  very  irregular  contour,  the  exact  extent  of  which  it 
is  difficult  to  define.     But  as  no  appearance  of  such  a  fold  exists 
in  the  exposure  on  McCoy  Creek,  it  is  probably  confined  to  a  belt,  the 
middle  of  which  lies  near  the  debouchure  of  Pyramid  Creek  canon,  ex- 
tending north  and  south  from  points  within  or  but  little  extended  be- 
yond the  limits  of  Stations  XXV  and  XXVI.    The  northeastern  border 
of  this  uplift,  as  has  already  been  remarked,  includes  a  narrow  zone  of 
greatly  disturbed  and  complicated  strata  along  the  border  of  the  moim- 
tains,  which  runs  out  into  the  Snake  Valley  before  reaching  McCoy 
Creek.    This  zone  may  extend  north  as  far  as  Fall  Creek  though  it  is 
thought  more  probable  that  it  ceases  soon  after  passing  Pyramid  Creek, 
to  the  north  of  which  the  flow  of  volcanic  materials  has  concealed  what 
the  erosion  of  the  valley  left  untouched.    Looking  westward,  stretches  of 
McCoy  Creek  may  be  seen,  and  in  the  north  side-hills  there  occurs  a 
fine  display  of  a  broad,  low,  anticlinal  fold,  flanked  at  the  entrance  to  the 
upper  basin  by  an  extraordinary  uplift  and  partial  overthrow  which  will 
receive  fuller  notice  in  the  description  of  the  McCoy  Creek  section. 
This  broad  fold  is  indicated  by  wide  areas  of  comparatively  gentle  drain- 
age slopes  in  the  broad  ridge  intervening  between  Station  XXVII  and 
Mount  Caribou  (XXVIII)  nine  miles  to  the  westward,  south  of  which, 
owing  to  the  wooded  nature  of  the  low  mountains  in  that  quarter,  nothing 
vas  clearly  made  out  in  regard  to  its  further  extension  and  character. 
:      But  in  the  low  southern  prolongation  of  the  range,  patches  of  red  appear 
t      h  the  steeper  slopes,  doubtless  showing  the  prevalence  in  that  section 
1      °f  the  same  series  of  strata  which  fills  the  space  between  the  above- 
j     Mentioned  stations.    To  the  north  round  into  the  southeast  the  great 
i     barrier  front  of  the  Snake  River  Range  walls  the  lower  valley  of  the 
j      8uake  and  Salt  Rivers,  the  southwest  slopes  supported  by  short  rocky 
!     Stresses  and  scantily  wooded.    Here  and  there  the  view  penetrates 
j     Htto  the  heart  of  the  mountains,  where  high  summits  and  ridges  with 
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enormous  exposures  of  red  and  gray  strata  appear.  To  the  northeast 
opens  the  grand  canon,  a  narrow  defile  bounded  by  steep  slopes  and 
mountain  escarpments  composed  of  the  magnificent  exposure  of  Carbon- 
iferous rocks  described  by  Bradley.  Far  away  a  line  of  snowy  peaks 
points  out  the  course  of  the  Wind  River  Range ;  but  grandest  of  all  are 
the  Tetons,  whose  great  bare  peaks  rise  like  gigantic  monoliths  from  a 
broad  mountain  summit  which  even  at  this  late  season,  July,  had  not 
yet  put  oft*  its  winter  raiment. 

We  had  been  so  long  employed  in  breaking  our  own  trails  that  it  was 
with  a  curious  mixture  of  relief  and  i>ositive  pleasure  we  entered  the 
trail  leading  up  the  valley  of  McCoy  Creek,  crossing  and  recrossiug  the 
rapid  stream,  now  passing  over  pretty  intervals,  then  along  the  face  of 
some  jutting  spur,  until  it  finally  emerges  into  the  upper  basin  in  which 
this  drainage  is  gathered.  This  little  valley  has  a  general  courses  little 
north  of  east  and  south  of  west,  with  but  one  sharp  curve  near  the  mid- 
dle, where  it  passes  the  lower  narrow  anticlinal  fold  descending  from 
Station  XXVII.  It  can  hardly  with  propriety  be  termed  a  canon,  al- 
though at  a  few  points  it  is  confined  within  narrow  bounds  by  the  near 
approach  of  the  bordering  hills ;  but  it  generally  possesses  a  narrow  in- 
tervale, and  at  few  places  are  the  hills  precipitous,  though  the  country 
is  very  rough  and  broken  on  either  side.  The  stream  is  bordered  by 
willows,  and  in  places  i>onded  by  beaver-dams,  and  would  be  beautiful 
were  its  waters  uncontaminated  with  the  sediments  from  the  placer  mines 
at  its  head.  The  fall  of  the  stream  in  the  ten  miles  between  the  moun- 
tain basin  and  its  mouth  is  about  630  feet.  The  basin  in  which  the  wa- 
ters from  numerous  sources  are  collected  is  the  largest  of  the  mountain 
basins  in  the  range,  and  is  separated  from  the  basin  of  John  Gray's  Lake 
by  a  narrow  ridge  of  hills ;  the  surface  is  undulating  and  broken  by  spurs, 
and  though  its  altitude  may  be  too  great  for  successful  agriculture,  it  is 
a  valuable  grazing  region. 

The  sources  of  McCoy  Creek  rise  in  the  two  principal  mountain  ele- 
vations of  the  range,  that  to  the  north  being  the  same  as  the  massive- 
mountain  whose  crest  lies  on  the  axis  of  the  Station  XXVII  anticlinal, 
and  which  is  only  two  or  three  hundred  feet  lower  than  Mount  Cari- 
bou on  the  south,  which  attains  an  altitude  of  9,800  feet  above  tho- 
sea.    Tins  mountain,  which  was  chosen  for  Station  XXVIII  and  which, 
was  also  made  a  station  of  the  primary  triangulation  by  Mr.  Wilson* 
presents  an  imposing  appearance  from  whatever  direction  it  is  viewcdr 
and  it  proved  to  bo  a  most  interesting  locality  geologically.    Its  summits- 
forms  an  irregular,  shelving,  flattened  space,  from  which  radiate  threes 
principal  spurs,  of  which  the  southern  is  the  largest  and  at  one  points 
rises  into  a  dome  but  little  inferior  in  elevation  to  the  main  summit— 
The  two  other  spurs  project  respectively  westward  and  north,  inclosing^ 
the  depression  or  recess  which  bears  so  striking  resemblance  to  a  huges 
crater  whose  northwest  wall  has  been  demolished,  as  seen  from  thafcn 
direction.    Besides  these,  there  are  several  large  secondary  spurs,  thes 
disposition  of  which  is  an  interesting  topographic  feature  of  the  nioun — 
tain.    They  form  rugged  ridges  in  the  easterly  face  of  the  mountain,  en — 
vironing  at  then'  heads  little  Alpine  amphitheatres  in  some  of  which— = 

nestle  tiny  lakelets,  dammed  by  accumulations  of  debris  through  which 

their  waters  percolate  and  form  the  spring  sources  of  Iowa  Gulch,  onfr— 
of  the  main  tributaries  of  McCoy  Creek.  The  slopes  on  the  west  are 
much  more  uniform,  a  broad  gulch  penetrating  this  side  between  the 
main  crest  and  that  of  the  south  spur.  To  the  southwestward  the  moun- 
tain descends  to  a  lower  ridge,  which  extends  in  that  direction  into  the 
adjacent  district,  denning  the  wide  drainage  belt  flowing  eastward  into 
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Salt  River  from  the  far  leas  important  western  drainage.  A  similar  but 
lower  ridge  projects  in  the  opposite  direction,  forming  the  before-men- 
tioned divide  between  McCoy  Creek  and  John  Gray's  Lake.  The  moun- 
tain flanks  are  well  wooded  with  coniferous  forests,  and  lovely  little  mead- 
ows are  encountered  in  unexpected  places  between  the  lower  and  more 
rounded  outlying  ridges  on  the  west  side.  The  summit  commands  nearly 
the  whole  of  the  southwestern  section  of  the  district,  besides  the  exten- 
sive basin  region  to  the  southward.  The  country  lying  westward  ap- 
pears surprisingly  flat,  notwithstanding  we  found  it  diversified  by  suffi- 
ciently rugged  low  mountain  ridges,  broad  basin  plains,  and  canoned 
water-courses.  The  Snake  River  is  hidden  in  the  deep  trough  of  its 
lower  valley,  but  to  the  southeast,  overlooking  the  comparatively  low 
intervening  mountain  belt,  its  southerly  continuation  opens  out  in  the 
broad  basin  of  Salt  River,  which  like  all  these  basin  areas  is  covered  by 
extensive  tracts  of  marsh,  whose  willow  copses  give  the  not  uncommon 
effect  of  cloud-shadows  resting  on  the  extensive  levels. 

In  the  valley  course  of  McCoy  Creek  a  magnificent  section,  reaching 
three-fourths  the  way  across  the  range,  is  displayed,  the  study  of  which, 
notwithstanding  the  limited  time  at  our  disposal,  resulted  in  the  secur- 
ing of  data  from  which  it  is  possible  to  gain  an  approximately  accurate 
knowledge  of  the  structure  of  this  portion  of  the  range.  As  the  exami- 
nations were  continued  completely  across  the  range,  via  Iowa  Gulch 
and  Mount  Bainbridge,  to  the  plain  of  John  Gray's  Lake  on  the  south- 
west border,  in  collating  all  these  data  the  section  has  been  located  along 
a  direct  line  bearing  about  E.  35°  N.  aud  TV.  35°  S.,  intersecting  Mount 
Caribou  the  western  portion  of  the  valley  of  McCoy  Creek,  along 
which  the  observations  were  made,  lying  a  little  north  of  the  line  of  the 
section,  the  lower  or  northeast  portion  of  which  closely  corresponds  with 
the  direction  of  that  part  of  the  valley — the  profile  making  no  pretence 
at  showing  the  actual  surface  contour,  being  merely  a  partially  ideal 
adaptation  to  facilitate  the  illustration  of  stratigraphic  and  structural 
features.  The  section  in  which  are  incorporated  such  details  as  were 
noted  in  a  hasty  examination,  is  shown  in  an  accompanying  plate,  and 
exhibits  the  following  stratigraphic  elements,  commencing  at  the  debou- 
chure of  McCoy  Creek  into  the  lower  valley  of  the  Snake,  and  proceeding 
thence  south  westward  across  the  range : 

Section  bcross  tlie  Caribou  Range,  via  McCoy  Creek. 

1.  Variegated  soft  arenaceous  clays  of  Tertiary  age,  resting  on  the  up- 
turned edges  of  the  older  strata,  and  dipping  northeastward  at  angles 
of  25°  to  40°.  These  deposits  occur  in  the  valley  of  the  Snake  and  Salt 
Eivers,  and  will  be  further  noticed  in  the  section  devoted  to  the  lower 
valley  of  the  Snake. 

2.  Deep-red  sandstone,  dipping  south  westward  at  a  moderate  angle  of 
inclination. 

3.  Obscure  exposure  of  light-drab  deposits. 

4.  Red  sandstone  ledge  forms  a  low  fall  in  the  bed  of  the  creek  at  its 
debouchure. 

5.  Red  shales  and  indurated  arenaceous  layers,  forming  a  heavy  bed. 

6.  Light-red  sandstone,  30  feet  exposed. 

7.  Red  shales,  pale  red  above,  100  to  200  feet. 

8.  Red  sandstone. 

9.  Chocolate-colored  shales. 

10.  Red  sandstone,  deep  red  thin-bedded  below,  50  feet  exposed. 
1L  Red  shales. 
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12.  Drab  limestone,  20  feet  exposed,  overlaid  by  light-drab,  indurated 
calcareous  shales. 

13.  lied  shales,  obscure  exposure. 

14.  Light  shaly  calcareous  deposits. 

15.  Chocolate-colored  shales,,  200  feet,  more  or  less. 

16.  Dark  brownish-gray,  obliquely  laminated  sandstone,  a  heavy  ledge. 

17.  Chocolate-colored  shales,  including  thin  bands  of  dark-red  sand- 
stone, obscurely  exposed  in  low  undulating  hillside,  several  hundred 
yards  across. 

18.  Drab  and  chocolate-colored  shales,  obscure  exposure. 

19.  Dark-blue  spar-seamed  limestone,  obscure  ledge,  may  not  be  in 
titu. 

20.  Wide  space  occupied  by  undulating  grassy  slopes,  with  no  rock 
exposures. 

21.  Brown  sandstone,  obscure  exposure;  dip  gently  northeastward. 

22.  Chocolate-colored  shales  below. 

23.  Chocolate-red  and  hard  drab  beds;  dip  at  an  angle  of  about  40° 
northeastward. 

24.  Heavy  bed  spar-seamed  gray  limestone,  with  rotten  chert;  dip 
about  30°  northeastward. 

25.  Chocolate-colored  and  red  shales. 

26.  Limestone,  similar  to  bed  No.  24,  50  to  100  feet  exposed. 

27.  Wide  space,  showing  no  rock  exposures. 

28.  Brownish  sandstone,  obscure  exposure,  ten  yards  across;  dip 
southwestward. 

29.  Light  and  chocolate-colored  shales  below,  light  shales  above. 

30.  Drab  limestone. 

31.  Eed  sandstone  and  red  shales ;  dark  chocolate-colored  and  drab 
shales  above. 

32.  Heavy  ledge  brown  laminated  conglomeritic  sandstone,  dip  south- 
westward  at  an  angle  of  about  25°. 

33.  Unexposed  space. 

34.  Gray  sandstone. 

35.  Drab-gray  limestone. 

30.  Space  showing  obscure  exposures  of  sandstone. 

37.  Dark  rusty  red  conglomeritic  sandstone  ledges,  interbedded  with 
shales.  These  ledges  exhibit  an  interesting  exposure  in  the  precipitous 
walls  on  the  south  side  of  the  stream  at  the  narrows  just  above  the  de- 
bouchure of  a  considerable  tributary  draining  the  west  flank  of  Station 
XXVII  ridge,  the  beds  appearing  nearly  vertical  and  arching  over  to 
the  northeastward. 

38.  Unexposed  space. 

39.  Sandstone. 

40.  lied  shales  and  sandstone. 

41.  Sandstone,  dipping  southward. 

42.  Keel  and  chocolate-colored  shales. 

43.  Gray  sandstone,  20  feet  imperfectly  exposed. 

44.  Red  and  chocolate-colored  shales. 

45.  Chocolate-brown  thin-bedded  sandstone,  10  feet  exposed. 
4(>.  Chocolate-colored  shales. 

47.  Keddish  buff  or  gray  sandstone. 

48.  Keddish  shales. 

40.  Keddish-gray  sandstone ;  dip  northeastward. 

50.  Chocolate-colored  shales. 

51.  Brownish  gray  sandstone ;  dip  northeastward. 
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52.  Chocolate-colored  shales  with  indurated  arenaceous  layers,  ob- 
scurely exposed. 

53.  Chocolate-brown  and  gray  shaly  sandstone. 

54.  Chocolate-drab  shales  and  sandstone. 

55.  Gray  sandstone. 
50.  Unexposed  space, 

57.  Brownish-gray,  laminated,  thin-bedded  sandstone,  25  feet  exposed. 
Dip  steeply  northeastward. 

58.  Bedshales. 

59.  Sandstone  ledges,  interbedded  with  chocolate-red  shales,  forming 
a  heavy  deposit ;  dip  northeastward  at  an  angle  of  45°. 

60.  Dark  drab  shales,  with  two  or  more  ledges  of  rusty  reddish-gray 
sandstone,  a  heavy  deposit  several  hundred  yards  across. 

61.  Brownish  sandstone. 

62.  Bed  shales. 

63.  Reddish  sandstone. 

64.  Red  shales. 

65.  Drab  limestone  and  light-drab  indurated  calcareous  shales,  exposed 
many  hundred  yards,  nearly  horizontal  or  gently  undulating,  overlaid 
by  beds  64-61,  conformably. 

66.  Pale-red  shales. 

67.  Wide  space  in  which  the  continuity  of  the  strata  is  interrupted. 
But  the  limestone  No.  65  and  superimposed  beds  gently  descend  in  pass- 
ing up  the  valley,  and  it  seems  probable  that  they  form  a  sag  or  syn- 
clinal east  of  the  abrupt  displacement  which  shows  deposits  that  agree 
quite  closely  with  the  Uthology  of  the  sandstone  appearing  in  the  upper 
part  of  the  broad,  flattened  uplift  with  which  their  identity  is  inferred 
with  a  degree  of  probability. 

68.  Reddish  sandstones  and  shales,  obscurely  seen  in  the  axis  of  the 
displaced  beds,  and  may  be  the  equivalents  of  Nos.  61  and  62. 

69.  Dark-drab  shales. 

70.  Beddish-brown  weathered  sandstone ;  a  heavy  ledge,  which  on  the 
east  is  suddenly  uplifted  into  a  position  past  the  vertical,  the  western 
exposure  protruding  in  the  steep  valley-side,  dike-like,  and  inclined 
south  westward  at  angles  of  75°  to  80°.  These  two  masses  are  seen  to 
be  connected  by  an  undulating  arch  of  sandstone,  gently  inclined  to 
the  westward,  the  angles  of  sudden  flexure  exhibiting  unmistakable 
evidence  of  the  intensity  of  the  strain  to  which  the  beds  were  subjected, 
in  the  broken  and  confosed  condition  of  the  lovers  at  those  points. 
There  are  apparently  two  distinct  horizons  of  the  brown-gray  sandstone 
and  drab  shales  included  in  the  uplift,  which  probably  are  identical 
with  the  upper  horizons,  Nos.  61, 60,  seen  in  the  broad  level  space  to  the 
east 

The  valley  here  opens  out  into  the  mountain  basin,  the  stream  branch- 
ing, the  main  fork  continuing  west  and  Iowa  Gulch  coming  from  the 
aonth;  in  the  intervening  upland  ridges  and  along  the  crest  of  one  of  the 
northeast  spurs  descending  from  Mount  Caribou  the  following  numbers 
(71-101)  appear: 

71.  Hard,  thin-bedded  sandstones,  and  brown-drab  shales,  several 
hundred  feet,  dip  steeply  south  westward. 

72.  Chocolate-colored  and  red  shales,  heavy  deposit. 

73.  Gray  thin-bedded  sandstones  and  shales. 

74.  Bedshales. 

75.  Shaly  gray  sandstone;  dip  60°,  southwestward. 

70.  Variegated  chooolate-colored,  drab-blue,  red,  and  drab  shales. 
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77.  Gray  spar-seamed  sandstone,  obscure  exposure;  dip  northeast- 
ward. 

78.  Chocolate-red  shales,  exposed  space  180  feet. 

70.  Chocolate-gray,  tliin- bedded  sandstone ;  dip  steeply  northeastward. 

80.  Chocolate-red  shales,  exposed  space  120  feet. 

81.  Gray,  thin-bedded,  spar-seamed  sandstonej  dip  38°,  N.  55°  B. 

82.  Bed  shales,  exposed  space  00  feet. 

83.  Chocolate-gray  sandstone,  10  feet  exposed. 

84.  Gray,  thin-bedded,  spar-seamed  sandstone,  exposed  20  feet,  thrown 
np  into  a  sharp  arch,  on  the  one  hand  dipping  35°,  N.  20°  E.,  and  on 
the  opposite  flank  50°  to  60°,  W.  15°  S.    Exposed  space  75  yards. 

85.  Unexposed  20  yards. 

8G.  Gray,  spar-seamed  sandstone,  exposed  10  feet ;  dip  very  steep  south- 
westward  ;  almost  vertical. 

87.  Imperfectly  exposed  space,  with  red,  chocolate-colored  shales,  180 
yards. 

^8.  Gray,  thin-bedded  sandstone,  obscure  exposure;  dip  72°,  8. 
65°  W. 

89.  Red  and  chocolate-colored  shales  and  thin  bands  of  sandstone j  ex- 
posed space  300  yards. 

90.  Gray,  chocolate-mottled,  thin-bedded  sandstone ;  obscure  exposure. 

91.  Chocolate-red  shales ;  exposed  space  100  yards. 

92.  Softish,  gray,  thin-bedded  sandstone,  20  feet  exposed }  dip  46°,  8. 
55°  W. 

93.  Blue  indurated  clay  shales,  exposed  space  100  yards. 

94.  Gray,  reddish- weathered,  thin-bedded  sandstone. 

95.  Red  shales,  exposed  space  120  yards. 

96.  Gray,  spar-seamed  sandstone,  obscure  exposure. 

97.  Red" shales,  exposed  space  100  yards. 

98.  Brownish-gray,  coarse-grained  sandstone,  exposed  15  feet :  dip  45°, 
S.  (55°  W. 

99.  Red  arenaceous  shales,  exposed  space  70  yards, 

100.  Gray,  thin-bedded  sandstone,  obscure  exposure ;  dip  35°,  S.  60°  W. 

101.  Drab  and  red  shales,  with  drab  indurated  shales,  alternating, 
imperfectly  exposed  over  a  space  of  500  to  800  yards,  up  to  wooded  point 
of  spur  on"  the  northwest  of  Anderson's  Gulch. 

The  section  thence  was  carried  from  a  point  on  Iowa  Gulch  near  the 
lower  placer  mines,  where  anticlinal  fold  G  again  appeal's,  up  the  great 
spur  between  Anderson's  Gulch  and  Bilk's  Gulch  to  the  crest  of  Station 
XX VIII  (Mount  Caribou).  In  this  ridge  the  same  series  of  gray  sand- 
stones outcrop  as  shown  above,  and  which  incline  southwestwanL  At 
a  higher  point,  where  the  ascent  steepens,  a  heavy  ledge  of  eruptive 
material  makes  its  appearance,  with  which  the  section  is  continued,  as  fol- 
lows : 

102.  Unexposed  space  lying  between  the  last  above-mentioned  depos- 
its, Xo.  101,  and  the  following: 

103.  Gray,  hornblendic  trachyte,  with  debris  of  similar  rock  in  8lof»* 
above. 

104.  Hard,  gray  sandstone  dthris,  not  seen  in  situ. 

105.  Hard,  gray  sandstone,  obscure  exposure. 

100.  Space  with  red  earth  and  gray  sandstone  below,  red  shate** 
above. 

107.  Gray,  thin-bedded  sandstone;  dip  50°  to  60°,  8.  65°  W. 

108.  lied  earth,  indicating  subjacent  red  shales. 

109.  Gray  sandstone ;  dip  steep  southwestward. 
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110.  Bed  earth/ 

111.  Eruptive  rock,  similar  to  No.  103 ;  forms  a  heavy  ledge,  dipping 
at  a  steep  angle  southwestward. 

112.  Bluish,  spar-seamed  limestone,  exposed  space  20  feet,  but  much 
broken  up,  obliterating  the  planes  of  bedding;  contains  obscure  remains 
of  a  very  small  robust  or  gibbose  form  of  Gasteropod,  resembling  a  form 
occurring  elsewhere  in  horizons  provisionally  referred  to  the  Laramie 
formation;  but,  at  the  same  tinie,it  is  difficult  to  distinguish  it  from  very 
similar  forms,  both  in  appearance  'and  condition,  prevalent  in  Jurassic 
strata  in  the  same  region. 

113.  Gray  sandstones  and  red  shales,  exposed  in  space  perhaps  200 
yards  across. 

114.  Eruptive  or  intrusive  porphyritic  ledge,  like  111,  but  much  broken 
up:  exposure  25  yards  across. 

115.  Gray  and  drab,  partially  metamorphosed  shales,  space  GO  yards. 

116.  Soft  gray  sandstone,  GO  feet  exposed;  dip  30°,  S.  45°  W. 

117.  Eed  shales,  20  yards  across. 

118.  Eruptive  ledge,  like  114,  much  broken  up. 

119.  Gray  sandstone  and  chocolate-colored  shales,  with  porphyritic 
trachyte  debris  in  the  surface,  and  bluish-gray  arenaceous  indurated  or 
metamorphosed  shales  above,  space  100  to  150  yards ;  dip  45°  south  west- 
ward. 

120.  Eruptive  ledge,  like  118. 

121.  Bluish,  fine-grained,  ripple-marked,  indurated  arenaceous  shales, 
interbedded  with  brown  chocolate-colored  shales,  all  more  or  less  indu- 
rated or  metamorphosed,  exposed  30  feet,  space  100  yards. 

122.  Eruptive  ledge,  like  118, 15  feet  exposed. 

123.  Metamorphosed  variegated  shales,  30  feet  exposed. 

124.  Eruptive  intruded  ledge,  like  122. 

125.  Bluish,  chocolate-coloreu,  laminated  slaty  shales,  much  changed 
by  contact  with  intrusive  volcanic  material ;  dip  45°  to  50°,  S.  45°  \V. 

126.  Eruptive  ledge,  like  124,  space  30  yards. 

127.  Slaty  shales  and  fine-grained  bluish  gray  sandstone,  space  30 
yards ;  dip  35°,  S.  45°  W. 

128.  Eruptive  ledge,  like  12G,  space  15  yards. 

129.  Brittle  drab  slates  or  metamorphosed  shales,  including  below 
two  thin  sheets  of  intrusive  volcanic  material  like  128,  space  about  200 
yank. 

130.  Dark  brownish  gray  sandstone  and  conglomerate. 

131.  Several  ledges  of  eruptive  intrusive  matter,  like  128,  exposed  high 
up  on  spur?  the  crest  of  which  for  several  hundred  yards  is  strewn  with 
ftebris  of  similar  rock,  with  obscure  exposures  of  highly  metamorphosed 
drab  and  blue-green  mottled  slaty  shales.  In  the  summit  of  the  outly- 
ing dome  by  which  the  spur  attaches  to  the  saddle  southeast  of  the 
main  summit,  there  appears  a  ledge  of  dark  bluish  horablendic  trachyte, 
much  broken  up,  so  that  its  character  may  not  be  readily  determined — 
whether  a  dike  or  intrusive  mass — and  so  with  other  exposures  of  these 
volcanic  materials. 

On  the  northwest  side  of  Station  XXVIII  the  mountain  is  broken 
down  precipitously  into  a  little  amphitheatre,  half  environed  by  clifls 
and  talus  slopes,  in  which  a  section  showing  a  vertical  thickness  of 
several  hundred  feet  of  sedimentary  and  intrusive  ledges  may  be  advan- 
tageously studied.  Although  the  direct  coimection  could  not  be  traced, 
ft  is  presumed  that  the  volcanic  intrusive  ledges  which  appear  in  the 
^pliitheatre  walls  are  the  same  as  the  blindly-exposed  ledges  last  re- 
ferred to  in  the  upper  crest  of  the  spur  next  southeast,  the  strike  of  the 
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sedimentaries  indicating  such  to  be  the  case.  Therefore,  with  the  de- 
scription of  this  escarpment  exposure,  the  section  is  carried  to'  the  suni- 
niit  of  Mount  Caribou,  and  is  as  follows : 

132.  Drab  shales,  metamorphosed  into  brittle  slates,  exposed  50  feet, 
the  base  concealed  beneath  the  upper  rim  of  the  talus  accumulation. 

133.  A  heavy  ledge  of  decomposing  greenish  gray  intrusive  rock  re- 
sembling basalt,  enclosing  hard  pebble-like  bodies  of  hornblendic  trachyte ; 
about  25  feet. 

134.  Drab,  green,  and  chocolate-tinted  shales  ,changed  by  metamorphic 
action  to  a  brittle  slate,  a  heavy  deposit,  in  the  aggregate  about  365  feet, 
which  was  deposited  consecutively  with  that  portion  mentioned  under  JJo. 
132,  from  which  it  was  subsequently  separated  by  the  intrusion  of  the  vol- 
canic matter  No.  133.    This  deposit  presents  the  following  subdivisions : 
a.  The  lower  75  to  100  feet  shows  at  the  bottom  and  top  buff  sandstone 
layers,  and  distributed  through  the  mass  of  the  slate  occur  aj>parently 
irregular  bands  or  "pockets"  of  rusty,  i>orous  "mineral "-like  material, 
which  doubtless  owes  its  origin  to  volcanic  action,    ft.  Drab,  greenish- 
tinged  metamorphosed  shale,  about  100  feet ;  dip  25°  to  35°,  S.  00°  W. 
c.  Laminated  sandstone,  5  feet  exposed,  probably  thicker,  interlaminated 
with  shales,    d.  Irregular  lenticular  or  "pocket "-like  masses  of  brown 
or  rusty  gray  "mineral"  rock  included  in  metamorphosed  shale,  associ- 
ated with  calcite,  distributed  through  a  thickness  of  about  00  feet.    t. 
Thin  intrusive  sheet  of  porphyritic  (!)  rock,  3  feet.   /.  Chocolate-drab, 
metamorphosed  shale,  about  00  feet. 

135.  A  heavy  deposit,  apparently  consisting  of  a  brecciated  conglomer- 
itic  mass  caught  up  in  the  intrusive  material,  with  green  copper-stained 
py  ritons  "  pockets,"  and  presenting  an  inferior  rusty  porous  portion,  darker 
purple  middle  layer,  and  greenish-tinged  upper  portion,  in  the  aggregate 
about  100  feet  thick ;  dip  45°  southwestward. 

136.  Drab  and  gray,  rather  uniformly  fine  textured  limestone,  appar- 
ently partially  metamorphosed  and  fragmentary,  exposed  30  to  75  feet. 
In  the  saddle  to  the  southeast  of  the  summit,  and  at  a  lower  level,  the 
ledge  dips  at  an  angle  of  about  30°  S.,  45°  W.  It  contains  a  small 
Gasteropod,  but  too  imperfect  for  further  determination  than  to  note  it* 
resemblance  and  probable  specific  identity  with  the  but  little  better 
preserved  specimens  of  the  shell  occurring  in  bed  112.  This  rock  oot- 
crops  in  the  saddle  west  of,  and  intervening  between,  the  summit  at  the 
station  and  the  slate-capi>ed  prominence  of  the  great  west  spur.  It  is 
here  much  changed  by  metamorphism,  probably  by  contact  with,  or 
proximity  to,  the  eruptive  mass  of  which  the  bulk  of  this  spur  is  com- 
posed. 

137.  Greenish  gray  decomposing  ferruginous  intrusive  mass,  resem- 
bling rotten  basalt,  and  belonging  to  a  debatable  series  of  volcanic  prod- 
ucts.   About  0  feet. 

138.  Highly  metamorphosed  drab,  brittle  shale,  thickness  undeter- 
mined, crowning  the  summit  and  occurring  in  patches  in  the  shelving 
western  portion  of  the  main  mountain. 

From  the  latter  point  our  examinations  of  the  slopes  on  the  western 
flank,  or  John  Gray's  Lake  drainage,  were  carried  along  a  line  a  couple 
of  miles  southeast  of  Station  XXVIII,  commencing  at  the  summit  of 
the  lower  mountain  ridge,  which  constitutes  the  southeastern  prolonga- 
tion of  Mount  Caribou.  The  initial  horizons  at  the  latter  point  vere 
not  positively  identified  with  any  member  of  the  foregoing  section;  but, 
taking  into  account  the  bearing  of  the  ledges  in  Station  XXVIII,  it 
seems  very  probable  that  the  two  localities  are  stratigraphically  identi- 
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cal,  or  but  little  separated,  the  following  deposits  lying  to  the  westward 
and  conformably  superimposed  on  the  preceding.  The  section  concludes 
with  the  following  and  fartherest  west-lying  deposits  occurring  in  the 
undulating  uplands  south  of  John  Gray's  Lake  and  occupying  the  inter- 
val between  the  southwest  base  of  the  Caribou  Eange  and  the  northeast 
foot  of  the  narrow  ridge  which  is  designated  as  the  "  Gray's  Lake  ridge" 
in  the  preceding  section  devoted  to  the  Willow  Creek  Basin. 

139.  Laminated  dark  red  sandstone,  underlaid  by  red  shales.  This 
ledge  shows  in  an  obscure  outcrop  in  the  shallow  saddle  on  the  crest  of 
the  ridge  immediately  east  of  the  extreme  source  of  Tin-Cup  Creek, 
which  at  the  point  where  we  crossed  attains  an  elevation  of  1,700  to 
1,800  feet  above  John  Gray's  Lake,  or  nearly  as  much  lower  than  the 
summit  of  Mount  Caribou,  a  couple  of  miles  to  the  northwestward. 

140.  Space  several  hundred  yards  across,  showing  obscure  exposures 
of  zed  shales. 

141.  Brownish  gray  sandstone,  obscure  exposure. 

142.  Unexposed  space. 

143.  Drab,  spar-seamed,  fragmentary  limestone,  dipping  about  35° 
southwestward.  This  forms  a  heavy  ledge  or  deposit,  plating  the  north- 
east steep  border-slopes  on  Tin-Cup  Creek,  and  whicli  is  traced  as  far 
as  we  could  see  in  the  direction  of  the  strike,  southeastward,  where  it 
seems  to  be  cut  through  at  the  abrupt  easterly  bend  of  the  stream  in 
crossing  this  ridge.  It  is  not  very  dissimilar  to  the  limestone  occurring 
in  the  summit  at  Station  XXVTII,  but  the  absence  here  of  the  heavy 
deposit  of  drab  shales,  which  at  the  above  locality  underlies  the  lime- 
stone, militates  against  the  supposition  of  the  identity  of  these  lime- 
stones. 

144.  Bed  shales,  appearing  in  the  valley  of  Tin-Cup  Creek,  a  short  dis- 
tance above  some  abandoned  reservoirs  for  the  placer  mines  lower  down 
this  creek. 

145.  Gray  and  brown  conglomerate  and  sandstone. 
140.  Bed  shales. 

147.  Gray,  brown-weathered  sandstone,  heavy  ledge. 

148.  Bed  and  chocolate-colored  shales. 

149.  Gray,  thin-bedded  sandstone. 

150.  Bed  shales. 

151.  Drab,  fragmentary  limestone,  imperfect  exposure  of  an  appar- 
ently heavy  ledge. 

152.  Chocolate-colored  and  red  shales,  with  obscure  exposures  of 
brown- weathered  gray  sandstone. 

153.  Heavy-bedded,  brown-weathered  sandstone,  in  crest  of  rounded 
divide. 

154.  Space  200  to  300  yards,  no  exposure. 

155.  Gray  sandstone  ledge. 

156.  Unexposed  space,  200  to  300  yards. 

157.  Ileavy-bedded,  gray  sandstone  and  chocolate-colored  shales,  ob- 
scure  exposure. 

158.  Bed  shales,  including  chocolate-colored,  thin-bedded  sandstone, 
imperfectly  seen  in  the  shallow  valley  of  a  tributary  of  Tin-Cup  Creek. 

159.  Heavy-bedded  gray  sandstone. 

160.  Unexposed,  space  100  yards. 

161.  Gray,  reddish  weathered  sandstone,  in  crest  of  low  water-shed, 
between  Salt  Eiver  and  Gray's  Lake  drainages. 

162.  Unexposed. 

163.  Buff  gray  sandstone,  and  brown  earth  or  shales,  obscure  exposure. 
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1G4.  Unexposed. 

165.  Obscure  exposure  of  gray  sandstone. 

100.  Bed  shales,  exposed  in  the  northeast  slopes  of  narrow  valley 
tributary  to  Gray's  Lake. 

107.  Heavy  ledge  gray,  brown-weathered,  laminated  sandstone;  dip 
35°  to  43°,  southwestward.  Forms  a  conspicuous  escarpment  in  crest 
of  low  ridge  tlirough  which  the  little  stream  breaks  its  way  out  to  the 
long,  gentle  slope  descending  to  the  level  of  John  Gray's  Lake  plain. 

108.  Gray,  brown- weathered,  spar-seamed  sandstone,  forming  four  or 
five  ledges,  and  interbedded  with  chocolate-colored  and  pale  reddish 
shales,  which  appear  in  the  open,  grassy  slopes  over  a  belt  several 
hundred  yards  across. 

109.  Flat  alluvial  valley,  traversed  by  a  small  stream  that  flows  out 
into  the  flats  of  John  Gray's  Lake,  two  or  three  miles  to  the  northwest. 

170.  Gray,  thin-bedded  sandstone ;  dip  30°  S.,  00°  W.  Exposed  iu 
gentle  slopes  on  the  southwest  side  of  the  valley,  and  rising  into  the 
undulating  upland  south  of  John  Gray's  Lake,  in  which  the  following 
obscurely  exposed  strata  appear. 

171.  Unexposed. 

172.  Gray,  thin-bedded  sandstone,  dip  southwestward. 

173.  The" above  ledges  are  followed  by  several  successively  higher  and 
similar  soft  sandstone  beds,  which  show  obscure  outcrops  in  the  undu- 
lating upland  which  occupies  a  breadth  of  about  three  miles,  the  incli- 
nation of  the  strata  gradually  flattening  to  the  southwestward,  where 
they  sink  into  a  shallow  depression  and  disappear. 

Just  beyond  the  point  mentioned  under  173  of  the  above  section,  a 
low  and  more  abrupt  ridge  intervenes  between  this  depression  and  a 
southeast  tributary  of  John  Gray's  Lake,  in  which  obscure  exposures  of 
red  and  light  shales  were  observed  (174),  and  on  the  summit,  at  an  ele- 
vation of  300  to  400  feet  above  the  plain,  dark  gray  sandstone  and  gray 
and  buff  limestone  debris  occur  (170),  the  latter  abounding  in  Ceratites. 
The  latter  deposits  were  not  seen  in  ttitiij  and  their  relation  to  the  fore- 
going soft  sandstones  and  pale  red  shales,  which  compose 'the-  whole  of 
the  upland  tract  to  the  northeast  and  reach  up  on  the  southwest  Hank 
of  the  Caribou  Range,  was  not  ascertained.  The  latter  locality  is  just 
over  our  south  line,  in  the  country  to  the  southeast,  Dr.  IVale  dis- 
covered the  same  ledge  in  place,  from  which  he  brought  in  a  suite  of 
its  peculiar  fossils,  amongst  which  Dr.  White  has  recognized  severaL 
species  of  Ceratitex,    This  ridge  is  separated  from  the  low  hills  outlying" 

the  Gray's  Lake  ridge  on  the  northeast,  by  a  rather  wide,  estuary-like  arn* 

of  Gray's  Lake  Lasin,  which  soon  narrows  and  is  choked  with  the  basolti<^= 
flows  that  form  the  lower  divide,  between  this  and  the  drainage  flowin^^s 
south.    These  low,  outlying  hills  are  composed  of  dimly  exposed  red— 
colored  deposits,  resembling  the  softer  shales  in  the  abovc-mentioneiF 
ridge,  and  which  dip  apparently  southwest.     The  interval  betwecnr_. 
these  ridges  is,  however,  tilled  with  the  basaltic  flow,  completely  inter  ^" 
ruptiug  the  continuity  of  the  sedimentary  exposures.     To  the  southward. — 
or  southeastward  these  deposits  have  the  api>earanee  of  dipping  intc."— 
tin4  low  mountain  ridge  on  the  southwest  side  of  John  Gray's  Lake,an«t 
which  at  the  southernmost  point  visited^  a  mile  or  two  south  of  the  lake^— 
was  found  to  exhibit  an  interesting  anticlinal  fold,  with  the  appearance"""^ 
of  the  strata  curving  round  the  southeast  extremity  of  the  ridge,  where, 
as  elsewhere  observed,  are  massed  heavy  deposits  of  red  beds.    Bui 
within  our  territory  that  portion  of  the  ridge  south  of  the  wagon-road — 
gaj)  presents  the  structure  of  a  nionocliual  ridge  composed  of  Carbonif- 
erous deposits.    I  am  strongly  inclined  to  the  belief  that  a  belt  or  zoue 
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along  the  northeast  border  of  this  ridge  occurs  in  which  the  strata  have 
been  greatly  disturbed,  probably  resulting  in  faulting  or  sharp  folding, 
by  which  the  beds  on  the  northeast  side  wei-e  suddenly  dropped  down 
or  greatly  pinched.  More  than  this  was  not  suggested  by  the  appear- 
ances as  seen  from  a  distance. 

With  a  brief  review  of  the  leading  stratigraphic  and  structural  fea- 
tures elicited  in  the  course  of  the  examinations  detailed  in  the  foregoing 
sections  closes  the  account  of  the  observations  made  in  this  most  inter- 
esting mountain  range.  The  eastern  portion  of  the  McCoy  Creek  sec- 
tion shows  a  rather  broad  and  shallow  synclinal  depression  (A),  the 
outskirts  of  which  are  based  upon  a  series  of  red  sandstones  and  varie- 
gated red  and  drab  shales,  which  are  doubtfully  regarded  as  of  Triassic 
age.  This  depression  is  the  same  as  tha*  previously  observed  to  the 
west  of  Station  XXVI  and  east  of  Station  XXVII,  and  which  appar- 
ently runs  out  to  the  southeast  into  Salt  River  Valley.  To  the  north- 
westj  beyond  the  above-mentioned  point  west  of  Station  XXVI,  it  is 
possible  that  this  fold  corresponds  to  the  synclinal  trough  lying  between 
Stations  XXI  and  XXIV,  beyond  which  it  seems  to  curve  round  more 
to  the  west,  where  it  may  pass  out  into  the  western  border  of  the  north- 
ern portion  of  the  range,  but  where  it  is  buried  beneath  the  volcanic 
flows.  The  identity  of  the  above-mentioned  synclinal  depressions  is, 
however,  rather  suggested  than  demonstrated :  but  whon  we  take  into 
consideration  the  average  prevalent  direction  ot  the  strike  of  the  strata, 
it  seems  so  well  borne  oiit  as  hardly  to  admit  of  a  doubt  but  that  they 
belong  to  one  and  the  same  trough. 

Some  three  and  a  half  miles  within  the  debouchure  of  McCoy  Creek 
the  strata  rise  up  in  a  rather  narrow  fold  (1>),  with  steep  or  vertical  dip 
on  the  southwest  flank,  where  the  dark- weathered  conglomcritic  sand- 
stones are  seen  to  arch  up  toward  the  crest  of  the  fold  in  the  escarp- 
ment exposures  on  the  south  side  of  the  stream  at  its  north  bend.    This 
fold  is  unmistakably  identical  with  that  in  Station  XXVII  ridge,  the 
axis  of  which  also  corresponds  to  the  crest  of  the  lofty  massive  mount- 
ain a  few  miles  to  the  northwest,  whose  summit  dominates  the  region 
between  McCoy  and  Pyramid  Creeks,    licyond  the  latter  point,  how- 
ever, it  is  not  so  clearly  traceable.    There  are  uplifts  and  westerly  inver- 
sions in  the  vicinity  of  Stations  XXI  and  XX,  which  certainly  occur  in 
line  with  the  prevailing  strike  of  the  strata  between  these  distant  local- 
ities, but  at  the  latter  locality  they  are  so  different  physically,  and  more 
complicated,  as  to  conceal  their  relations  until  the  structural  features 
were  plotted  on  the  topographical  sheets ;  for  on  McCoy  Creek  it  does 
not  appear  that  the  uplift  was  so  great  and  the  lateral  forces  so  power- 
ful as  to  topple  the  fold  over,  inverting  the  strata,  such  as  rloublcss  was 
the  result  hi  the  northwest.     Yet  we  find  an  approach  to  such  a  state 
of  things,  the  western  think  showing  beds  tilted  to  vertically,  though 
they  soon  resume  gentler  inclination,  and  finally  sink  into  a  moderately- 
shallow  synclinal  trough  (C).    Southwest  of  the  axis  of  the  latter  depres- 
sion the  strata  gradually  steepen  in  their  rise  as  we  pass  up  the  valley 
iintil  reaching  a  point  1£  to  2  miles  by  the  stream,  but  probably  within 
"that  distance  along  a  line  at  right  angles  to  the  strike,  when  they 
^abruptly  flatten  out  in  a  broad-topped  arch,  a  couple  of  miles  across,  as 
^hown  at  D.    The  present  uplift  must  represent  a  displacement  of  at 
least  several  hundred  feet,  bringing  to  view  a  calcareous  horizon,  which 
Xwobably  belongs  to  the  Jurassic.    The  synclinal  on  the  northeast  is 
"Xnaiuly  filled  with  sandstones  and  shales,  in  regard  to  the  age  of  which 
more  explicit  data  was  not  obtained  than  that  they  are  of  later  date 
than  the  Jurassic  limestones,  which  form  the  central  bands  in  the  anti- 
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clinal  B,  with  which  they  are  apparently  conformable.  The  same  series 
of  deposits,  indeed,  recur  in  the  northeast  border  slopes  of  the  Fall 
Creek  mountain-basin,  where,  however,  they  appear  in  an  inverted  posi- 
tion, and  merge  into  the  plant-bearing  gray  sandstones  of  the  Laramie  (t) 
Group.  The  southwestern  flank  of  this  flat-topi>ed  uplift  is  not  well 
seen,  but  it  appears  to  decline  gradually  into  a  narrow  belt  of  greater 
disturbance,  where  its  component  strata  again  begin  to  rise.  Perhaps 
half  a  mile  below  the  upper  basin  these  strata  are  suddenly  uplifted 
and  toppled  over  past  the  vertical  on  the  northeast  side,  sweeping  over 
in  an  undulating,  gently-inclined  arch,  and  pitching  steeply  on  the 
southwest  flank,  the  fold,  as  seen  in  the  north  side  of  the  valley,  pre- 
senting the  appearance  indicated  in  the  diagram  at  E.  The  exposed 
strata  in  the  above1  uplift  are  apparently  identical,  lithologically,  with 
the  upper  horizons  in  the  broad-topped  fold  D.  One  or  both  of  these 
folds  reappear  in  the  broad  ridge  between  Station  XXVII  ridge  and 
Mount  Caribou,  the  comparatively  geutle  summit  slopes  of  which  may 
have  been  determined  by  the  moderately-arched  strata  which  form  the 
roofs  of  these  arches.  The  latter  feature  was  distinctly  displayed  from 
both  of  the  above-mentioned  points  of  observation,  which,  but  for  the 
forests,  commanded  unobstructed  view  over  this  elevated  mountain  tract. 

Once  within  the  upper  basin  of  McCoy  Creek  the  lithological  charac- 
teristics change,  a  heavy  series  of,  however,  comformable  deposits,  con- 
sisting of  gray,  shaly,  spar-seamed  sandstones  and  variegated  shales, 
thrown  into  sharp  folds  (F  and  G),  succeeding  and  approaching  Mount 
Bainbridgq,  preserving  uniform  southwesterly  inclination,  as  has  already 
been  noticed. 

Overlooking  the  low  hills  along  the  north  side  of  the  main  western 
branch  of  McCoy  Creek,  and  which  extend  over  the  low  water-shed  into 
John  Gray's  Lake  basin,  a  fair  exhibition  of  the  sedimentary  rocks  there 
occurring  is  presented  from  the  summit  of  Mount  Caribou.    This  re- 
gion embraces  a  radius  of  about  one-eighth  of  a  circle,  and  continues 
the  section  from  about  the  southwest  dipping  horizons  between  that 
mountain  and  the  anticlinal  (G)  next  east.    The  section,  as  seen  from 
this  distance,  is  conspicuous  for  the  predominance  of  red-colored  strata; 
but  its  chief  interest  is  derived  from  the  rather  complicated  structural 
features  which  the  exposures  reveal,  and  which  are  worthy  of  attention. 
Descending  into  John  Gray's  Lake  basin  from  the  low  ridge  southeast  of 
Station  XXVI II,  the  dip  of  the  strata  was  uniformly  to  the  southwest- 
ward,  gradually  flattening  out  as  we  progressed  in  tlutt  direction;  but 
in  the  above-mentioned  quarter  it  is  apparent  a  far  less  simple  state  o: 
tilings  exists.    Outlying,  or  rather  continuing  the  southwesterly  inclina — 
tion  of  the  gray  sandstones  and  wider  belts  of  pale  red  softer  deposits^ 
which  recline  on  the  southwest  flank  of  the  anticlinal  fold  G,  the  strata^ 
are  observed  gradually  steepening  the  angle  of  their  inclination,  until— 
at  a  point  about  northwest  of  Station  XXVIII,  a  belt  of  these  red  liedis 
shows  the  strata  tilted  into  positions  wavering  to  one  or  other  side  pas 
the  vertical,  followed  by  a  broad  belt  of  similar  colored  strata  dippin 
to  the  norteastward.    This  has  the  appearance  of  a  pinched  synclinal^ 
but  a  closer  examination  might  resolve  it  into  a  more  regular  trough — 
like  fold.     Immediately  to  the  southwest  a  heavy  deposit,  consisting  ofli 
red  and  light-drab  strata,  rises  up  into  the  crest  of  the  watershed,  whe 
they  form  a  rather  sharp  arch,  succeeded  by  a  heavy  series  of  red  bed 
which  latter  dip  more  and  more  moderately  as  they  near  the  borders  o 
John  Gray's  Lake  plain,  precisely  as  has  already  been  seen  in  the  slope 
south  of  Station  XXVIII.     In  both  the  lithology  and  magnitude  of  t\\& 
folds  there  is  a.  striking  and  most  intimate  resemblance  to  the  section 
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previously  described  on  the  east  fork  of  John  Gray's  Creek,  a  few  miles 
to  the  northwest,  while  the  trend  of  the  folds  at  the  latter  locality  ren- 
ders it  almost  certain  that  the  two  sections  are  structurally,  and  probably 
stratigraphically,  identical.  Could  it  have  been  determined  by  actual 
examinations  whether  the  trend  of  these  prominent  structural  lines  in 
the  present  quarter  bear  a  little  east  of  their  apparent  regular  course, 
which  they  are  known  to  do  within  still  more  local  limits,  the  above 
anticlinal  and  synclinal  folds  might  have  proved  to  be  actually  identical 
with  the  folds  G  and  F  of  the  McCoy  Creek  section.  This  interpreta- 
tion would  at  once  refer  the  exceedingly  variable  and  complicated  struc- 
tural features  noticed  in  the  vicinity  of  Stations  XVIII  and  XIX  to  the 
remarkable  exhibitions  of  vertical  displacement  whiqji  are  so  unmistak- 
ably displayed  at  the  upper  entrance  to  McCoy  Creek  Valley,  and  which 
are  shown  at  E  in  the  accompanying  diagram  of  the  McCoy  Creek  sec- 
tion. 

In  connection  with  the  scdinientaries  in  Mount  Caribou  are  associated 
volcanic  phenomena  of  greatest  interest.     Scarcely  is  the  ascent  of 
the  northeast  spur  along  Bilk  and  Iowa  gulches  begun,  when  intrusive 
ledges  of  volcanic  matter  appear  j  but  it  is  only  on  gaining  the  crest  and 
examining  the  section  exposed  m  the  walls  of  the  little  amphitheatre 
just  under  Station  XXVIII  that  their  true  relations  were  unequivocally 
disclosed.    It  would,  however,  require  a  much  more  extended  examina- 
tion than  any  we  were  able  to  make  in  order  to  describe  in  detail  the 
variable  character  of  the  eruptive  materials  here  met  with,  and  which  is 
barely  more  than  hinted  hi  the  description  of  the  foregoing  section. 
Besides  the  regular  intruded  sheets  of  volcanic  matter,  the  shales  in  cer- 
tain horizons  seem  to  have  been  permeated  with  mineral  vapors,  to  which 
may  be  attributed  the  formation  of  the  "mineral  pockets n  met  with  in 
these  deposits.    The  whole  mass  of  the  scdimenturies  has  undergone 
metamorphism  to  greater  or  less  extent,  either  by  direct  contact  with 
the  intruded  sheets  or  by  less  direct  though  probably  equally  potent  in- 
fluences arising  from  the  same  source  of  volcanic  action.    But,  besides 
the  intrusive  matter,  there  occur  exhibitions  of  eruptive  origin  on  even 
a  grander  scale.    A  short  distance  from  the  summit  in  the  northeast 
face  of  the  mountain  there  appears  a  nearly  vertical  dike-like  mass  of 
dark  bluish-gray  eruptive  rock,  which  has  a  strike  approximately  east- 
west.    Passing  out  along  the  crest  of  the  western  spur  of  the  mountain, 
the  sloping  summit  is  paved  with  limestone  and  brittle  metamorphosed 
slate,  the  latter  terminating  in  a  nipple  half  a  mile  or  so  west  of  the 
station,  where  it  is  associated  with  a  gray  sandstone.    At  the  latter 
point  the  sedimentaries  are  cut  by  an  enormous  mass  of  eruptive  char- 
acter, consisting  of  a  dark  bluish-gray,  homblcndic  trachyte,  like  that 
in  the  before-mentioned  dike  under  the  northeast  brow  of  the  mountain, 
find  which  presents  more  the  appearance  of  an  extremely  line,  syenitic 
rocky  in  places  changing  to  a  schistose  character  from  the  prevalence  of 
Mica,  which  but  for  the  fact  of  its  unmistakable  origin  would  be  unhesi- 
tatingly referred  to  the  mctamorphic  schistose  scries.    This  mass  is  suc- 
ceeded on  the  west  by  a  pinkish-gray,  hornblendic  trachyte  of  similar 
character,  occurring  in  weathered  slabs,  and  which  extends  far  down 
along  the  crest  of  the  steeply  descending  spur,  until  its  foot  merges  into 
the  low,  rolling  sedimentary  hills  which  here  llank  the  mountain,  and  in 
^hose  bared  sides  exposures  of  red  shales  and  sandstones  reappear,  in- 
clining to  the  southwest.    This  spur  forms  the  southern  rim  of  the  great 
crater-like  excavation  in  the  northwest  face  of  the  mountain,  the  distant 
^iew  of  which  presents  so  interesting  a  feature  as  seen  from  that  direc- 
tion.   The  northern  spur  appears  to  be  made  up  of  sedimentary  and 
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intrusive  ledges  similar  in  position  and  mode  of  occurrence  to  the  expo- 
sures in  the  before-mentioned  amphitheatre  walls.  About  a  mile  south- 
east of  Station  XXVIII,  the  mountain  rises  into  a  second  prominent 
summit.  Passing  the  saddle  between  these  points,  the  whole  southwest 
face  of  the  mountain  is  covered  with  the  angular  slabs  and  ddbris  of 
dark-bluish  to  greenish-gray,  hornblendic  trachyte,  weathering  to  a  pale- 
reddish  hue.  In  the  latter  mountain-peak  the  eruptive  mass  seems  to 
rest  upon  metamorphosed  bluish  slates,  the  line  of  junction  pursuing  a 
northwest  and  southeast  course,  the  slates  dipping  southwestwardly. 
The  eruptive  material  here  has  more  the  appearance  of  a  wedge-shaped 
mass,  though  it  was  undoubtedly  connected  with  the  dike-like  effusion  in 
the  west  spur  of  the  main  summit ;  and  so,  also,  with  the  intrusive  sheets 
which  were  noticed  in  the  northeast  face  of  the  mountain.  Hence,  it 
appears  that  the  phenomena  observed  at  this  locality  suggest  one  of 
those  local  outbursts  or  a  concentration  of  volcanic  activity,  by  which  the 
sedimentary  deposits  were  fractured  and  split  apart,  the  molten  matter 
in  the  one  case  forming  wedge-shaped  dikes,  and  in  the  other  intrusive 
sheets  following  the  plane  of  bedding.  It  may  be  that  this  locality 
marks  a  centre  of  eruption  from  which  were  derived  much  of  the  earlier 
volcanic  products  which  were  spread  over  the  mountain  summits,  rem- 
nants of  which  are  still  to  be  found  on  high  eminences.  But  the  imper- 
fect study  we  were  able  to  make  rather  leads  to  the  conclusion  that  at  the 
time  of  this  eruption,  which  was  doubtless  subsequent  to  the  disturb- 
ances by  which  the  sedimentaries  were  upraised  and  folded,  the  volcanic 
activity  was  wholly  subterranean  in  its  manifestation,  and  that  the  pres- 
ent appearances  at  the  surface  are  due  to  the  excessive  denudation  which 
the  region  has  been  subjected  to  within  a  comparatively  modern  date. 

This  locality  is  one  also  of  unusual  economic  interest  and  importance, 
on  account  of  its  placer  mines.    These  are  situate  along  Iowa  Gulch,  a 
main  tributary  of  McCoy  Creek,  and  on  the  upper  course  of  Tin-Cup 
Creek,  which  flows  south  and  east  into  Salt  River,  a  few  miles  above  its 
confluence  with  the  Snake.    At  the  former  locality  the  mines  are  oper- 
ated by  the  usual  various  processes,  and  at  the  time  of  our  visit  there 
were  about  twenty-five  whites  and  three  or  four  times  as  many  Chinamen 
engaged  in  the  works.    The  mines  were  discovered  in  1870,  since  when 
the  district  lias  had  a  fluctuating  population,  and  though,  perhaps,  never 
remarkable  for  extraordinary  yields  in  gold,  the  present  occupants  of  the 
mines  claim  to  be  reaping  fair  returns.    The  auriferous  gravels  are  prin- 
cipally accumulated  in  what  is  known  as  Bilk's  Gulch,  which  rises  imme- 
diately under  the  summit  of  Mount  Caribou,  and  consists  of  abraded 
volcanic  and  sedimentary  materials  largely  mixed  with  the  red  earth 
derived  from  the  softer  shales.    The  mines  are  distributed  along  Bilk's 
Gulch  and  Iowa  Gulch  to  its  confluence  with  McCoy  Creek,  a  distance 
of  about  three  miles.    The  chief  difficulty,  as  usual,  is  the  limited  supply 
of  water,  which  is  said  to  last  about  three  months,  the  "cleaning  up w 
requiring  a  month  or  so  more,  for  which  a  limited  quantity  of  water  suf- 
fices.   As  to  the  productiveness  in  gold  of  these  placers,  nothing  definite 
was  ascertained.    The  placers  on  Tin-Cup  Creek  are  also  said  to  be  mod- 
erately productive ;  but  the  single  day  we  had  at  our  disposal  for  the 
examination  of  this  section  did  not  permit  visiting  this  locality.    Gold 
has  been  obtained  in  the  sands  all  the  way  down  the  valley  of  McCoy 
Creek,  and,  1  believe,  in  the  bars  along  the  Snake,  but  not  in  remunera- 
tive quantity.    Indeed,  the  whole  region  has  been  pretty  thoroughly 
ransacked,  and  prospect  excavations  were  encountered  in* the  most  ex- 
traordinary ami  unexpected  places. 

From  what  has  been  said,  it  is  evident  that  the  source  whence  the 
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placers  derived  their  gold  is  situated  in  Mount  Caribou.  At  the  time 
of  our  visit  I  was  fortunate  to  meet  one  of  the  partners  of  an  enterprise 
looking  to  the  development  of  the  parent  lodes.  Messrs.  Griffin  & 
Foelans  have  begun  a  shaft  upon  a  lode  which  outerops  high  up  on  the 
southerly  declivity  of  the  peak  a  mile  to  the  southeast  of  Station 
XXVIII.  The  lode  has  a  strike  about  K  N.W.  and  S.  S.E.;  nearly  ver- 
tical, or  inclined  southerly,  if  at  all,  and  seems  to  be  very  wide ;  indeed, 
no  well-defined  walls  have  as  yet  been  discovered,  the  exploration  hav- 
ing been  carried  to  a  depth  of  about  GO  feet  by  an  excavation  8  feet  in 
diameter.  It  is  composed  of  rotten  ferruginous  quartz  inclosed  in  the 
peculiar  tough  trachytic  mass,  its  relations  apparently  being  that  of  a 
dike  or  true  vein,  which  may  also  traverse  alike  the  sedimentaries  and 
eruptive  materials.  No  assay  of  the  lode-rock  had  been  made  from  which 
even  an  approximate  knowledge  of  its  value  might  be  gamed ;  but  a 
little  gold  has  been  extracted  by  the  rather  crude  processes  at  command 
of  the  explorers.  I  believe  there  are  other  "  discoveries"  of  similar  char- 
acter in  the  neighborhood,  but  none  developed  to  the  same  extent  as 
that  above  noticed.  In  the  vicinity  of  the  Griffin  lode,  some  300  yards 
to  the  southwest,  a  vein  of  magnetic  iron  ore  has  been  discovered  in  the 
hornblendic  trachyte  mass  which  forms  the  bulk  of  the  western  side  of 
the  mountain.  This  vein,  from  which  specimens  were  obtained,  is  said 
to  be  20  feet  wide,  and  extends  in  a  northwest  and  southeast  direction, 
or  nearly  parallel  with  the  above-mentioned  auriferous  lode. 

LOWER  VALLEY  OF  S^AKE  RIVER. 

That  portion  of  the  course  of  Snake  Eiver  below  the  grand  cafion 
traverses  a  typical  valley  trough  defined  on  either  hand  by  mountain 
barriers,  to  which  we  have  applied  the  te«n  lower  valley  of  the  Snake. 
This  valley,  with  its  southern  continuation  in  Salt  Eiver  Valley,  has  a 
northerly  and  northwest  course  of  about  nfty  miles  within  the  district, 
and  an  average  width  between  the  crests  of  the  opposing  mountain  ridges 
of  eight  to  ten  miles.  To  the  northwest  it  opens  out  into  a  wide  recess 
communicating  with  the  Snake  plains,  the  barrier  ridge  of  the  Snake 
Eiver  Mountains  throwing  out  a  long  low  spur  along  the  northwest 
border  considerably  beyond  the  terminus  of  the  Caribou  Eange  on  the 
southwest  side  of  the  valley.  The  often-mentioned  volcanic  upland 
bordering  the  Snake  plains  sweeps  round  the  extremities  of  the  above 
ranges,  filling  the  broad  debouchure  and  extending  up  the  valley  half 
the  distance  to  the  grand  canon,  forming  a  continuous  sheet  of  volcanic 
materials  with  that  which  fills  the  Willow  Creek  Basin  to  the  south  and 
similar  recesses  to  the  north. 

A  few  miles  below  Fall  Creek,  at  the  point  where  the  river  makes  a 
bend  to  the  north,  it  begins  its  canoned  course  in  the  basal  tics  rocks, 
which  thence  confine  the  river  in  a  narrow  channel  between  precipitous 
'walls  of  dark  lava,  until  it  emerges  into  the  level  plain,  15  to  20  miles 
below.    Above  this  lower  cafion  pretty  little  alluvial  expansions  border 
the  stream,  at  intervals  interrupted  by  high,  jutting  benches  of  the  vol- 
canic rocks,  until  just  above  Fall  Creek  the  stream  opens  into  a  consid- 
erable basin  area,  floored  with  Quaternary  gravels  which  are  fashioned 
into  low  terraces.    This  prairie  bottom  extends  a  distance  of  0  to  8  miles 
up  the  valley,  mainly  lying  along  the  opposite  side,  the  stream  skirting 
the  foot  of  the  volcanic  bench  on  the  southwest  side,  with  here  and  there 
Barrow  intervale  tracts  intervening.    Approaching  Pyramid  Creek  the 
volcauics  again  converge  from  either  side,  forming  the  narrows  through 
which  the  stream  winds  amidst  varied,  picturesque  scenery  a  distance 
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of  4  or  5  miles,  when  it  expands  into  the  beautiful  and  still  more  exten- 
sive upper  basin  which  extends  to  the  mouth  of  Salt  River,  above  which 
it  expands  into  the  basin-like  area  through  which  that  stream  flows  from 
the  south.  Above  the  narrows  the  volcanics  suddenly  cease,  and  thence 
southward  the  bared  sedimentary  formations  appear  in  the  abrupt  slopes 
of  the  border  mountains  between  which  the  terraced  bottoms  stretch 
from  side  to  side. 

Our  route  entered  the  valley  just  above  the  north  bend,  where  the 
stream  enters  the  lower  canon  in  the  basalt,  and  thence  followed  up  along 
the  southwest  side  to  the  confluence  of  Salt  River.  The  character  oi 
of  the  volcanic  materials  at  this  point  was  casually  mentioned  in  connec- 
tion with  the  description  of  the  section  through  Station  XXIV,  in  a 
preceding  page.  They  are  seen  to  be  made  up  of  pinkish  and  drab  tra- 
chytic  flows,  associated  with  peculiar  light,  soft  materials,  recalling  mod- 
ern Pliocene  deposits  along  the  border  of  the  Snake  plains,  and  reclin- 
ing directly  upon  the  sedimentary  deposits  which  compose  the  border 
mountain  flanks.  These  flows  dip  gently  northward  in  the  direction  of 
the  lower  level  of  the  volcanic  plain  which  fills  the  debouchure  of  the 
valley,  and  which  has  the  dark,  somber  appearance  of  basalt.  Just 
above  the  little  recess  at  Butte  Creek,  which  is  shut  off  by  a  low  butte 
capped  by  trachyte,  we  regain  a  larger  bottom  tract  which  reaches  a 
mile  or  two  along  the  stream  on  the  south  side,  extending  back  to  the 
foot  of  the  mountain,  which  is  here  denuded  of  the  volcanics ;  the  north 
side  of  the  stream  still  showing  a  high  bluff  of  volcanic  rock,  underlaid  by 
lighter  colored  deposits.  This  bottom  is  made  up  of  gravel,  which  forms 
a  bar-like  dry  ridge  between  the  stream  and  a  low,  marshy  tract  inland, 
and  is  further  molded  into  low  terraces.  The  turbid,  swift-flowing 
river  is  filled  with  low  islands,  covered  with  willow  and  cotton  wood,  and 
dense  copses  of  wild  rose.  The  volcanic  bench  again  approaches  the 
stream,  along  which  it  forms  bluffs  a  hundred  feet  or  more  in  height, 
gradually  rising  up  on  the  neighboring  mountain  flank.  Fall  Creek, 
after  leaving  its  debouchure  in  the  mountain  border,  cuts  a  narrow  canon 
across  this  bench,  and  on  reaching  the  left  bank  of  the  Snake  its  waters 
are  precipitated  over  a  ledge  of  basalt,  making  a  pretty  fall  of  30  to  50 
feet  in  height.  The  section  of  the  volcanics  exposed  in  the  canon  wall 
of  Fall  Creek  is  one  of  much  interest,  inasmuch  as  it  exltfbits  the  rela- 
tive position  of  the  trachyte  to  the  overlying  basalt,  both  of  which  incline^ 
off  the  sedimentary  border  ridge.  At  this  locality  the  trachyte  was  seem 
at  an  elevation  of  700  4:o  800  feet  above  the  river,  in  close  proximity  tm 
exposures  of  Carboniferous  limestone,  the  basalt  not  reaching  the  same 
elevation,  its  limit  being  rather  well  defined  by  a  bench-like  break  ia 
the  sloping  surface.  The  basalt  is  the  usual  dark  gray  or  brown  vesic  - 
ular  variety,  holding  small  globules  of  white  quartz  which  have  a  fused 
appearance.  It  occurs  in  heavy  layers^  broken  into  irregular  cross-frae -- 
tured  columnar  fragments,  and  undulating  as  though  the  material  flowed 
over  an  uneven  surface.  The  same  ledges  appear  in  the  bluff -face  of  tlna 
lower  plateau  bench  that  fills  the  opposite  side  of  the  valley,  where,  how- 
ever, they  appear  to  incline  gently  in  the  direction  of  the  opposed  mount- 
ain border.  This  appearance  is  not  readiiy  accounted  for,  unless  the 
flows  have  been  slightly  tilted  by  forces  acting  in  the  mountain  belt 
along  the  southwest  border  of  the  valley. 

This  high  volcanic  bench  continues  thence  to  Pyramid  Creek,  every* 
where  showing  the  same  sloping  surface  outlying  the  sedimentary 
mountain  border,  across  which  numerous  little  streams  have  eroded  deep, 
narrow  channels,  on  their  way  to  the  river.  On  the  opposite  side  of  the 
valley,  corresponding  benches  are  seen  along  the  farther  border  of  the 
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large  basin  tract  which  here  occupies  the  valley.  Along  one  of  these 
little  cafionst,  hree  miles  above  Fall  Creek?  interesting  exposures  of  the 
volcanics  were  met  with,  a  section  of  which  is  reproduced  in  connec- 
tion with  the  section-diagram  of  the  mountain  border  north  of  Station 
XXV,  where  their  relations  to  the  sedimentaries,  as  also  the  relative 
position  and  succession  of  the  somewhat  variable  elements  of  which 
they  are  composed,  are  well  shown.  The  section  here  referred  to  exhib- 
its the  various  sheets  of  volcanic  material  rather  rapidly  rising  from  the 
river  bluffs  inland,  where  they  reach  an  elevation  of  800  to  1,000  feet 
above  the  river-level.  The  inferior  flows  appear  well  up  the  canon  in 
the  neighborhood  of  the  sedimentary  flank  of  the  mountain,  whose  foot 
they  bury  from  view  j  but  the  northerly  inclination  is  apparently  suffi- 
ciently steep  to  carry  these  deposits  beneath  the  river-level,  the  descent 
being  somewhere  between  500  and  COO  feet  in  a  distance  of  perhaps  one 
and  a  half  miles.  The  lowest  member,  a,  shows  an  exposed  thickness 
of  about  30  feet  of  dark  drab  trachyte.  This  is  overlaid  by  &,  dark, 
vesicular,  rudely  bedded  basaltic  lava,  25  feet  or  more ;  o,  pink  trachyte, 
or  tuft',  rather  hard  and  weathered  in  slab-like  fragments  with  a  bedded 
appearance,  30  feet  or  more  j  dy  conglomeritic  deposit,  made  up  of  water- 
worn  pebbles  of  quartzite,  limestone,  &c,  without  distinct  arrangement 
in  layers,  held  in  a  buff-drab  matrix  like  a  volcanic  paste.  This  deposit 
attains  a  thickness  of  100  feet  or  more,  forming  picturesque  mural  bluffs 
on  the  water  side  below  the  mouth  of  the  gulch,  and  rising  inland, 
southward,  its  debris  scattered  thickly  over  the  surface  of  its  outcrop 
like  accumulations  of  glacial  drift.  In  the  river  bluffs  and  inland  it 
is  overlaid  by  c,  a  volcanic  ledge  consisting  of  maroon-drab  trachyte, 
laminated  gray  trachyte  or  trachorheites,  and^intensely  hard,  dark,  basal- 
tic lavas,  showing  an  exposed  thickness  of  about  25  feet.  The  latter 
flow  extends  high  up  on  the  foot  of  the  mountain,  occurring  in  sloping 
plateau-like  benches.  The  variety  in  the  character  of  the  components 
of  the  volcanic  deposits  at  tliis  locality  may  not  indicate  so  many  dis- 
tinct epochs  of  eruption  and  flow,  the  different  materials  apparently 
having  followed  without  cessation,  in  alternating  order.  Yet  the  pres- 
ence of  the  interpolated  conglomerate  evidently  shows  an  interval 
between  the  earlier  and  later  trachytic  flows  sufficient  for  the  accumula- 
tion of  a  heavy  deposit  of  erratic  materials  which  subsequent  volcanic 
action,  by  affecting  its  partial  transformation,  partly  claims  for  its  own. 
This  deposit,  physically,  bears  intimate  resemblance  to  that  which 
crowns  the  summit  of  Station  XXIII  in  the  northern  part  of  the  Caribou 
Range,  and  which  seems  to  form  the  basis  of  the  volcanic  rocks  at  that 
place;  the  chief  differences  noticeable  being  its  inferior  position  and  the 
more  distinct  conglomeritic  instead  of  brecciated  character,  from  which 
it  may  well  be  inferred  the  two  deposits  are  not  contemporaneous, 
although,  perhaps,  similar  in  origin. 

Many  beautiful  views  are  gained  from  the  trail  passing  over  the  high 
benches,  stretches  of  wide  bottom  plain,  through  which  the  gleaming  river 
winds  in  majestic  curves,  its  surface  studded  with  beautiful  islands  and 
the  banks  lined  with  tall  cottonwoods,  here  bordered  by  mural  bluffs  of 
volcanic  rock,  fringed  with  dark-folia ged  pine  and  fir,  and  the  whole 
bounded  by  rugged  mountain  walls,  which  stretch  away  in  long  lines  of 
perspective  until  lost  in  the  distant  windings  of  the  valley.  Certainly, 
few  localities  afford  the  same  varied  and  none  more  beautiful  scenery 
than  frequently  greets  the  traveler  in  the  lower  valley  of  the  Snake. 
One  of  the  prominent  heights  on  the  opposite  side  of  the  valley,  about 
midway  between  Fall  Creek  and  Pyramid  Creek,  to  which  Mr.  Itechler 
gave  the  name  Promontory  Peak,  presents  a  singular  phenomenon  \si 
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the  distribution  of  the  scant  forest-growth  over  its  rugged  valley  aspect 
The  arborescent  vegetation  extends  two-thirds  the  way  from  the  base 
toward  the  summit,  where  it  is  terminated  by  a  sharply-drawn  hori- 
zontal line,  extending  quite  around  the  visible  face  of  the  mountain, 
above  which  the  bare,  rocky  crown  rises  into  the  massive  cone  of  the 
summit.  The  mountain  attains  an  actual  altitude  of  0,900  feet,  or  4,500 
feet  above  the  valley,  so  that  the  limit  of  the  forest  growth  is  consider- 
ably below  the  general  altitude  of  timber-line  in  the  neighboring  mount- 
ains. But  it  may,  with  some  reason,  be  attributed  to  meteorological 
influences,  and  to  which  the  universally  sparse-clad  southwest  slopes 
throughout  the  lower  mountain -ranges  bordering  the  Snake  plains  are 
alike  attributable.  The  prevalent  winds  during  the  term  of  our  sojourn 
were  from  the  southwest,  hundreds  of  observations,  such  as  the  bent 
boughs  and  uusymmetrical  tops  of  the  trees  exposed  to  their  force,  every- 
where attesting  the  violence  of  the  winds,  while  the  opposite  slopes  and 
deeper  ravines,  which  are  sheltered  from  the  fierce  blast,  are  quite  gen- 
erally clothed  with  valuable  forests.  Almost  the  same  observations  hold 
equally  true  in  the  distribution  or  maintenance  of  the  drifts  of  snow, 
the  drifts  on  the  southwest-facing  slopes  being  licked  up  or  evaporated 
by  the  searching  winds  before  the  season  is  far  advanced,  while  couloirs 
and  snow-cornices  may  remain  the  whole  summer  just  over  the  crests. 
It  is  a  singular  fact,  though  not  a  universal  one,  that  the  majority  of  the 
amphitheatres  and  abrupter  breaks  in  the  mountainous  distiicts  face  the 
east  or  north,  as  though  the  frost-bound  side  had  the  major  share  in  the 
slow  process  of  mountain  sculpturing.  In  this  way,  very  many  of  the 
loftier  ]>eaks  bordering  the  Snake  Valley  present  amphitheatre  excava- 
tions in  their  northeast  faces,  while  that  toward  the  valley  rarely  shows 
so  extensively  eroded  depressions,  however  rugged  their  aspect  may  be, 
and,  indeed,  usually  is. 

Above  the  latter  locality  low  bluffs  of  dark  basaltic  rock  approach  the 
southwest  margin  of  the  river,  along  which  narrow  tracts  of  alluvial 
bottom  land  border  this  side  of  the  stream,  which  on  the  opposite  side 
expand  into  the  gravelly  sage-covered  plain  of  the  lower  basin.  Higher 
up  the  valley  the  sedimentary  mountains  on  either  side  approach  nearer, 
the  volcanic  benches  becoming  higher  and  crowded  into  a  narrow  space, 
where  they  form  a  line  of  quite  prominent  bluffs  on  the  northeast  side, 
the  bottoms  being  crowded  to  the  opposite  side,  where  they  were  found 
to  be  composed  of  coarse,  water- worn  materials,  built  up  into  low,  well- 
defined  terraces  10  to  25  feet  above  the  present  level  of  the  stream.  At 
the  upper  end  of  this  bottom  tract,  a  prominent  pyramidal  hill  chokes 
the  valley ;  it  was  found  to  be  composed  of  flesh-colored  trachyte  with 
darker  volcanic  ledges,  and  which  doubtless  is  a  remnant  of  the  voleanics 
which  formerly  flooded  the  entire  valley.  Above  this  conspicuous  land- 
mark, to  which  the  name  Pyramid  Butte  was  given,  the  voleanics  eeaso 
on  the  southwest  side  of  the  valley,  which  opens  out  in  a  fine  terraced 
tract  filling  the  debouchure  of  Pyramid  Creek.  There  are  at  least  four 
distinct  terrace  levels,  of  which  the  two  upper  and  more  prominent  reach 
a  height  respectively  40  and  00  feet  above  the  level  of  the  river.  On  the 
opposite  side  the  volcanic  bench  terminates  in  high  bluffs,  and  at  the  nar- 
rows, a  short  distance  above,  it  breaks  down  vertically,  in  picturesque 
palisades  several  hundred  feet  hi  height,  whose  base  is  swept  by  the 
powerful  current  of  the  river. 

A  marked  change  at  once  takes  place  on  entering  the  upper  basin  of 
the  valley.  If  ever  the  voleanics  extended  farther  than  the  narrows, 
they  have  been  entirely  swept  out  of  the  upper  basin,  which  is  occupied 
by  a  fine  wide  bottom  tract  based  upon  a  deposit  of  water- worn  pebbles 
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ivial  matter,  arranged  in  a  series  of  much  more  prominent  ter- 
lan  any  occurring  in  the  lower  basin,  the  highest  of  which  do  not 
perhaps  60  feet,  while  the  lowest  is  only  a  few  feet  above  the  river 
the  valley  is  narrower,  but  the  alluvial  terraces  occupy  the  whole 
intervening  between  the  foot  of  the  abrupt  mountain  borders. 
)us  small  streams  debouching  from  the  hills  have  swept  down 
ies  of  debris ,  which  is  piled  in  low-spreading  accumulations  like  the 
*  of  a  sluice-way ;  their  waters  are  often  spread  over  the  more 
>ttoms,  where  they  to-day  form  extensive  areas  of  miry  soil,  but 
will  one  day  be  converted  into  invaluable  meadow  tracts.    At 

places  along  this  side  of  the  valley,  between  the  narrows  and 
Creek,  extensive  deposits  of  calcareous  tufa  occur  in  two  or  more 
pace  levels,  which  at  one  poiut  reach  the  present  margin  of  the 
The  highest  of  these  regular-shaped  terraces  is  about  15  feet 
;he  adjacent  bottoms,  and  is  terminated  abruptly  in  a  miniature 
oent  which  was  once  washed  by  the  stream.  At  one  place  just 
his  tufa  terrace,  low,  domelike  deposits  of  white  tufa  were  seen 
bot  of  the  mountain,  evidently  the  accumulation  of  a  still  flowing 

The  pools  here  and  there  found  on  the  lower  tufa  flats,  which 
rm  an  extensive  deposit  reaching  the  river  side  and  some  6  feet 
;he  water-level,  were  tepid  and  very  perceptibly  saline  5  their  beds 
ered  with  an  ochreous-colored  precipitate,  and  the  unctuous  soil 
ed  with  the  mineral  substances  from  the  springs  was  devoured 
ridity  by  our  animals.  Professor  Bradley  describes  a  group  of 
prings  occurring  on  the  opposite  side  of  the  valley,  which  have 
}  similar  "calcareous,  sulphurous,  and  saline  deposits,"  their  tem- 
•e  ranging  from  88°  to  144°  F.    The  west  side  springs  are,  how- 

an  advanced  stage  of  extinction  compared  with  their  former  flow, 
hey  built  up  the  extensive,  ancient-looking  terraces.  But  the 
xlern  date  of  even  the  more  ancient  of  these  spring  deposits  may 
Ted  from  the  total  absence  of  river  drift  upon  their  siufaces.  In 
5  these  old  spring  deposits,  our  animals'  tread  gave  out  a  hollow, 
it  sound,  which  may  be  due  to  the  imperfectly  impacted  layers 
ire  separated  by  minute  cavernous  or  porous  spaces. 
iow  come  upon  an  interesting  series  of  deposits,  which,  though  of 
aore  ancient  origin  than  any  hitherto  mentioned,  are  apparently 

restricted  in  their  distribution  within  the  limits  of  the  valley. 
vere  lirst  encountered  ascending  the  valley  a  few  miles  below  the 
of  Salt  River — the  exj)osures  only  appearing  in  the  higher  river 
ind  terraces  cut  by  the  inflowing  tributaries,  and  extending  south 
is  our  examinations  were  carried,  and  beyond,  on  the  one  hand, 
0  the  debouchure  of  the  grand  canon,  and  on  the  other,  up  the 
rf  Salt  River.  They  consist  of  drab  and  light-brown  sandy  clays 
rtially  indurated  buff  and  brownish  sands,  banded  with  various 

of  red  in  thin  layers,  giving  to  the  exposures  a  very  beautiful 
tted  appearance.  As  before  mentioned,  these  deposits  outcrop 
xtensively  in  the  higher  terrace  banks  along  the  river,  where  they 

well  studied.  They  dip  eastward  or  northeastward  with  great 
lity,  probably  at  angles  of  25°  to  40°,  or  inclining  obliquely  up- 
In  the  valley  side,  at  the  debouchure  of  McCoy  Creek,  they  are 
sting  unconformably  upon  the  southwest-dipping  Mesozoic  sand- 
and  also  along  the  west  side  of  Salt  River,  above  its  mouth.  But 
er-bank  exposures  afford  the  most  interesting  sections.  Here  the 
ppear  planed  oft*  to  various  levels  by  the  former  action  of  the 
,  showing  shallow  channels  with  low-terraced  margins,  upon 
subsequent  depositions  of  water- worn  bowlders,  gravel,  and  sands 
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were  spread  over  their  upturned  edges,  and  which  latter  deposits  consti- 
tute the  existing  terraced  surface  of  the  valley.  At  one  point  the  planed- 
off  edges  of  the  beds  are  curiously  turned  up,  as  though  some  heavy  body 
had  been  forced  over  their  tilted  edges  in  the  direction  of  their  dip. 

No  paleontological  evidence  was  observed  by  which  the  age  of  these 
latter  deposits  might  be  fixed.  They  differ  in  so  marked  degree  from 
anything  elsewhere  observed  in  this  southwestern  section  of  the  district, 
both  in  their  lithology  and  position,  as  to  leave  little  room  for  doubt  as 
to  their  comparatively  modern  date.  In  both  of  these  respects  they 
offer  marked  resemblances  to  deposits  occurring  in  the  region  of  the 
headwaters  of  the  Missouri,  which  Dr.  Hayden  has  described  under  the 
term  "Lake  Beds,"  and  which  he  provisionally  referred  to  Pliocene  Ter- 
tiary age.  Yet  they  may  be  found  to  pertain  to  the  great  Wasateh  Group 
of  Tertiary  formations  so  extensively  developed  in  the  region  to  the 
south.  Their  occurrence  in  the  lower  valley  of  the  Snake  offers  further 
phenomena  of  interest  in  connection  with  their  relation  to  the  surround- 
ing and  more  ancient  mountain  barriers  which  define  the  basin  in  which 
these  sediments  were  accumulated  in  horizontal  strata.  But  their 
present  inclined  position,  by  which  their  upturned  edges  have  been  ex- 
posed to  manifestly  extensive  fluviatile  denudation,  seems  to  be  traced 
to  late  dynamical  agencies  resident  in  either  one  or  other  of  the  border- 
ing mountain  areas.  Whether  the  indications  point  to  a  late  upward 
movement  in  the  Caribou  Range  or  a  subsidence  in  the  opposed  Snake 
River  Range,  which  in  either  case  woidd  tilt  the  deposits  that  fill  the 
intermediate  valley  trough  into  a  position  like  that  actually  presented  in 
the  present  series  of  beds,  is  a  question  which  remains  for  more  extended 
investigation  to  decide.  Also,  in  regard  to  the  age  of  these  deposits, 
more  cannot,  in  the  present  state  of  our  knowledge,  be  inferred  than 
their  probable  Post-Eocene  age.  In  the  Yellowstone  expedition  of  1872, 
Dr.  Pealo  describes  a  series  of  deposits  under  the  term  "Lake  Beds"  or 
Pliocene,  which  occupy  a  basin  between  the  Bridger  and  Spring  Cafion 
Ranges,  Montana,  closely  analogous  in  their  occurrence  and  relations  to 
the  older  sedimentaries,  as  here  observed.  But,  to  say  the  least,  it 
would  be  premature  to  attempt  the  positive  identification  of  these  widely 
separated  deposits  one  with  the  other.  The  Snake  Valley  beds  differ  in. 
one  particidar  from  those  above  referred  to  in  Montana,  viz,  in  their* 
more  varigated,  brighter  colors  5  but  this  may  be  merely  a  local  charac- 
ter, or,  as  above  suggested,  they  may  belong  to  an  older  member  of  tho 
Tertiary  formations. 


PL  JIT  E    -XXXT. 


Pyramid  Butte,  Zover  Valley  at  the  Snake. a»n*t  m.) 
0.  Tmlrawfie.  *.  Jura-  Tri mm. 


Thr  Wmrrmwr,  Jl#tr«r  TMIeij  of  I 

Volcanic    walitttttrt.      h.  Tfirbtit 


CHAPTER  III. 


THE  TlSTOtf,  OE  MIDDLE  SECTIOK 

GENERAL    TOPOGBAPHICAL    FEATURES,  DRAINAGE,  ETC. 

The  region  referred  to  under  the  above  designation  assumes  the 
ratline  of  a  right-angle  triangle,  the  base  of  which  rests  on  the  north- 
ern boundary  and  the  two  sides  defined  by  the  great  southern  bend  of 
Snake  River,  its  apex  extended  south  nearly  severing  the  district,  of 
srhich  it  includes  almost  a  third  of  the  explored  area,  or  approximately 
£,000  square  miles.  Of  this  area  perhaps  one-third  may  pertain  to  the 
jreat  basin  region  lying  to  the  northwest  and  to  which  properly  belongs 
Jie  bay-like  recess  of  Pierre's  Basin,  which  latter  separates  the  inoun- 
ainous  portion  into  a  clumsy  v -shaped  area,  which  forms  the  whole  of 
lie  eastern  and  two-thirds  of  the  western  side  of  the  triangle. 

The  local  drainage  of  this  section  mainly  flows  out  into  the  great  plain 
©  the  northwestward  through  Pierre's  River,  whose  numerous  affluents 
iollect  the  drainage  of  the  larger  area  of  the  T6ton  Mountains,  the  two 
)rincipal  branches  rising  at  either  extremity  of  the  range  above  40  miles 
iistant,  the  North  Fork  heading  in  the  extreme  northern  portion,  and 
;he  sources  of  the  main  stream  originating  at  the  opposite  or  southern 
md  of  the  range,  in  the  vicinity  of  T6ton  Pass.  Moody  Creek  and  two 
>r  three  smaller  tributaries  rise  in  the  northern  highlands  of  the  Snake 
River  Range,  the  former  gaining  Henry's  Fork,  independently,  midway 
>etween  the  delta  of  Pierre's  River  and  the  confluence  of  the  Snake. 
rhe  mountain  border  region  sends  down  myriads  of  little  streams,  the 
largest  of  which  have  a  course  seldom  exceeding  10  miles,  and  which 
Irain  directly  into  the  Snake.  While  many  regions  may  be  as  thoroughly 
irained,  few  are  so  well  supplied  with  noble  rivers,  rapid  creeks,  and 
beautiful  mountain  brooks  as  this  which  we  have  at  present  under  con- 
sideration. 

THE  TIPTON  RANGE. 

The  plains,  which  constitute  a  third  or  more  of  the  northwestern  por- 
tion of  this  section,  form  part  of  the  great  basaltic-floored  basin  of  Snake 
River,  which  stretches  along  the  northern  border  and  far  up  Pierre's 
Basin,  its  eastern  margin  resting  on  the  western  slope  of  the  T£ton 
Range.  This  range,  which  holds  a  nearly  meridional  course,  extending 
from  the  northern  boundary  of  the  district  a  distance  of  about  40  miles 
*outh,  and  ranging  froin  10  to  15  miles  in  east- west  extent,  is  remark- 
able for  its  regular  form,  simplicity  of  geological  structure,  and  the 
grandeur  of  the  concomitant  topographic  features.  The  longitudinal  axis 
>f  the  range  is  crowded  to  the  east,  rising  into  a  chain  of  Archaean 
peaks  which  culminates  midway  between  the  extremities  of  the  range  in 
i  cluster  of  lofty  peaks  dominated  by  Mount  Hayden,  which  attains  an 
ictual  altitude  of  13,737  feet.  The  eastern  front  breaks  suddenly  down 
in  steep  inclines  to  the  level  of  Jackson's  Basin,  pierced  by  profound 
gorges  which  throw  this  aspect  of  the  range  into  a  series  of  gigantic 
buttresses  surmounted  by  precipitous  and  embattled  parapets. 

The .  western  side  of  the  range  descends  much  more  gradually,  and 
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where  it  is  flanked  by  the  sedimcntarics  the  central  portion  of  the  rangi 
is  fashioned  into  scries  of  extensive  amphitheatres  and  Alpine,  basins 
in  which  the  streams  gather  from  their  sources  in  the  snow-tlate  to  foro 
their  way  through  the  canons  which  score  the  great  foreland  descending 
into  Pierre's  Basin.  The  basis  or  foundation  of  the  range  is  Archaean 
which  constitutes  the  northern  three-fourths  of  the  main  crest,  expand 
ing  in  the  northern  half,  where  these  rocks  occupy  the  whole  width  o 
the  range  between  Jackson's  Lake  and  the  volcanic  foreland  south  c 
the  North  Fork  of  Pierre's  Biver. 

This  Archaean  expansion  culminates  in  a  lofty  spur,  which  terminate 
in  a  pyramidal  peak  overlooking  the  densely  wooded  volcanic  foreland 
which  here  reaches  high  up  on  the  mountain  border,  or  a  relative  heigh 
of  2,500  feet  above  the  plain  north  of  Pierre's  Basin.  To  the  north  th 
Arehjean  nucleus  is  prolonged  in  a  narrow  licit,  which  finally  sinks  hi 
neath  the  upraised  sedimentaries  and  volcanics  which  lap  up  around  th 
northern  extremity  of  the  range,  the  latter  merging  into  the  great  vol 
cimic  plateau  which  extends  thence  far  to  the  north  beyond  our  distrid 
In  the  vicinity  of  the  debouchure  of  Leigh's  Creek  the  scdiinentarw 
again  peer  out  from  beneath  the  volcanic  flow,  and  thence  southwan 
they  hold  a  prominent  position  in  the  western  flank  of  the  range,  an| 
toward  its  southern  extremity  completely  bridge  over  the  Archaean  con 
which  descends  in  a  rapidly  narrowing  belt  in  the  eastern  front,  aitf 
finally  disappears  in  the  vicinity  of  East  Pass  Creek,  beneath  the  1ot| 
of  Jackson's  Basin.  . 

As  a  whole,  the  topographic  characteristics  of  the  range  may  be  likenoj 
to  a  great  block  tilted  along  its  eastern  border,  the  drainage  of  the  weij 
ern  slope  confined  to  long  narrow  canons  separated  by  broad  intern! 
ing  tables  of  sedimentary  origin,  while  that  of  the  east  side  lies  in  pii 
found  short  gulches  mainly  excavated  out  of  granitic  or  metumorphj 
rocks.  I 

Although  our  own  examinations  afforded  a  pretty  comprehensive  viei 
of  the  general  gcognostic  features  of  the  range.  Professor  Bradley  lifli 
opportunity  for  prosecuting  more  detailed  examinations  in  certain  local 
ities,  which,  for  lack  of  lime,  we  were  prevented  realizing  to  the  saflM 
extent.  In  his  report  of  1S72,  he  describes  the  Archiean  area  of  thecal 
tral  mass  to  consist  of  micaceous,  homblcndic,  talcosc,  and  chloritic  graj 
ites,  gneisses,  and  schists,  the  former  white  or  tlesh-colorcd,  and  occilt 
ring  in  massive  beds.  The  gneisses  and  schists  are  much  distorted,  tb 
prevailing  strike  holding  an  east -west  direction,  with  variable  and  gtq 
erally  steep  dips.  These  rocks  are  intersected  by  numerous  large  aH 
small  quartz  veins,  with  a  few  of  granite.  On  the  Xorth  Pork  of  Picrrtl 
Biver  our  young  men  succeeded  in  obtaining  a  single  "color,"  indicatim 
the  auriferous  character  of  some  of  these  veins  in  that  portion  of  tip 
range  at  least.  Besides  these,  there  are  a  few  dike-like  exhibitions  £ 
dark  trap-rock,  which  at  some  points  Professor  Bradley  found  conibni 
able  to  the  bedding  of  the  granites,  though  it  was  difficult  to  decidfl 
whether  their  occurrence  in  this  position  should  be  taken  as  indicatim 
their  intrusive  character,  or  were  deposited  as  Hows  on  the  ancient  saC 
face  upon  which  the  inclosing  sediments  were  accumulated.  One  of  tb€* 
trap-dikes  forms  a  well-marked  feature  in  the  southern  base  of  the  grt* 
cone  of  Mount  ITayden,  which  may  be  traced  as  a  dark  ribbon  descendi 
ing  the  west  face  and  crossing  intervening  spur-ridges  to  the  west,  whflfl 
it  is  lost  beneath  the  quartzite  of  the  Potsdam,  which  crowns  the  ridgGi 
in  the  neighborhood  of  the  Pulpit. 

A  very  similar  dike,  doubtless  also  trap,  occurs  in  the  northern  h*3 
of  Mount  Moran,  and  which  maybe  seen  from  either  side,  appearing  lik 
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arrow  ladder  scaling  the  heights,  the  approximate  direction  east- west, 
h  a  slight  southerly  inclination  from  the  vertical.  In  the  northeast 
t  of  the  range  Professor  Bradley  remarked  the  occurrence,  beneath 
Silurian  limestones,  of  "  a  heavy  body  of  dark  inicacfeous  gneiss,  with 
h  granite  and  quartz  veins,"  the  metamorphics  having  a  general  south- 
7  inclination,  with,  however,  local  northerly  dips.  Recognizing  the 
ntity  of  certain  peculiarities  of  weathering  with  these  determined 
ass  exposures,  which  assume  elaborate  and  beautifully  carved  sur- 
B8,  it  appears  that  a  large  part  of  the  east  front  of  the  range,  as  well 
*  wide  belt,  if  not  the  whole  of  the  northwest  expansion  of  the  Ar- 
3an  area?  is  composed  of  similar  rocks.  The  distinctively  granitic  ledges 
n  the  highest  peaks  of  the  range,  as  in  Mount  Hayden,  peculiarly 
ssive  heights,  with  smooth,  sheer  precipices  and  huge  block-like  but- 
sses,  while  in  the  Alpine  basins  and  canon  walls  they  appear  in  com- 
atively  smooth  surface-exposures,  strongly  contrasting  with  the  gen- 
fly  sharp,  highly- wrought  sculpturing  of  the  gneissic  ridges. 
n  the  course  of  our  examination,  in  the  northern  portion  of  the  range, 
mall  area  of  Palaeozoic  formations  was  brought  to  light,  which  rise  up 
the  northwest  flank  and  cap  the  watershed  for  the  distance  of  several 
es,  when  they  are  headed  off  by  the  sag  at  the  head  of  the  south 
nch  of  the  North  Fork  of  Pierre's  River,  which  also  forms  their 
thern  limits.  On  the  west  they  are  soon  hidden  by  the  upraised 
sanies,  which  latter  sweep  round  the  north  end  of  the  range  and  form 
ontinuous  belt  with  similar  volcanic  deposits,  which  rise  up  on  the 
theast  flank  of  the  range  in  the  northern  portion  of  Jackson's  Basin. 
Lscending  from  the  plain  north  of  Pierre's  Basin  to  a  prominent  ridge 
the  head  of  the  North  Fork  of  Pierre's  River,  occupied  by  Station 
.XII,  the  way  for  several  miles  passes  over  the  laminated  porphy- 
5  trachytes  which  here  constitute  the  great  outlying  foreland  of 
range,  and  which  dip  at  a  moderate  and  gradually  diminishing 
le  of  inclination  in  the  direction  of  the  plain.  Along  the  mountain 
3er  they  are  suddenly  terminated  in  irregular  lines  of  bluffs,  which 
the  main  North  Fork  reach  to  within  two  and  a  half  miles  of 
bion  XXXII,  where  their  elevation  is  about  2,000  feet  above  the 
;  of  the  foreland.  At  this  point  the  lowest  of  the  sedim^ntaries 
ws  a  thin-bedded  drab  limestone,  indistinguishable,  lithologically, 
a  the  beds  elsewhere  found  in  connection  with  the  Lower  Silurian  or 
ibec  formation.  In  the  opposite  side  of  a  lateral  gulch  half  a  mile 
c,  castellated  exposures  of  heavy-bedded  buff*  magnesian  limestone, 
wing  a  thickness  of  above  100  feet,  are  met  with,  the  rock  affording 
w  Upper  Silurian  corals,  Halysites,  &c.  These  ledges  form  a  prom- 
at  feature  of  the  exposures  in  the  steep  slopes  along  the  stream,  and 
succeeded  by  the  ordinary  gray  and  drab,  cherty  limestones,  with  in- 
flations of  reddish  siliceous  deposits  which  make  up  a  thickness  of 
eral  hundred  feet,  and  affording  in  their  contained  organic  remains 
pie  evidence  of  their  Carboniferous  age.  The  lower  ledges  are  here 
imged  in  courses  interbedded  with  shaly  layers,and  underlaid  by  softer 
idish  deposits  which  intervene  between  the  upper  limestones  and  the 
ierlying  magnesian  limestone.  Above,  the  limestones  become  thicker, 
:h  siliceous  interpolations,  and  often  stained  a  pale  red.  Of  these 
rboniferous  beds  there  is  probably  exposed  in  the  ridge  of  Station 
EXII  a  vertical  thickness  of  500  to  800  feet.  In  the  summit  these 
Is  dip  20°  northwest;  in  the  northwest  spur  their  inclination  slackens, 
i  toward  the  head  of  the  before-mentioned  lateral  gulch  the  e^ne 
[ges  are  seen  to  dip  N.  50°  E.,  at  an  angle  of  25°.    The  facts  above 
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alluded  to  are  incorporated  in  the  diagram  of  the  section  across  the  norf 
end  of  the  range  given  in  an  accompanying  plate. 

Station  XXXII  attains  an  altitude  of  H,74!>  feet  above  the  sea.  Th 
view  from  the  summit,  looking  north  and  west,  takes  in  the  great  volcani 
watershe<l  and  the  plain  north  of  Pierre's  Basin,  the  nearer  slopes  clothe 
in  dense  forests  of  pine  and  the  higher  mountain  Hats  dotted  with  beat 
tiful  clumps  of  dwarfed  spruces.  To  the  east  the  view  is  shut  out  b 
higher  ridges,  in  which  appear  long  lines  of  strata  probably  referabl 
to  the  Silurian,  but  here  and  there  through  the  depressions  appears  th 
crest  of  the  peculiarly  weathered  Arcluean  ridge,  which  is  seen  to  pa« 
northward  much  diminished  in  height  and  linally  disappears.  It  vm 
not  certainly  ascertained  whether  this  latter  ridge  was  denuded  of  it 
superincumbent  sedimentary  mantle  prior  to  the  flow  of  volcanic  mat* 
rial  or  not,  but  such  appears  to  be  the  ea«e.  Lilt  to  the  west  the  sed 
mentaries  again  intervene,  as  also  to  the  east,  in  which  latter  quart* 
Professor  Bradley  found  several  hundred  feet  of  limestone,  reprcsentiii 
the  Lower  Silurian  to  t  he  Carboniferous,  reclining  on  the  Arcluean  nuclei! 
of  the  range,  and  in  turn  overlaid  by  the  volcanics.  Hence  there  can  b 
no  question  that  at  one  time  the  sedimentaries  folded  around  the  nortl 
ern  extremity  of  the  range,  but  subsequent  denudation  effected  thei 
removal  down  to  a  level  which  came  within  the  reach  of  the  gi*eat  vd 
canic  inundation,  which  at  a  comparatively  modern  date  submerged  ■ 
large  an  extent  of  the  mountain  border.  Almost  due  north  of  Stotkl 
XXXII,  overlooking  a  small  area  of  Carboniferous  plateau  in  the  fori 
ground,  beyond  a  deep  gorge  whose  waters  flow  out  into  the  Uppe 
Snake  Valley,  the  last  elevation  in  this  direction  exhibits  what  appeal! 
to  be  a  rather  sudden  upheaval  of  the  strata,  which  in  places  apparent^ 
stand  almost  vertical,  but  with  a  general  westerly  inclination.  Withh 
less  than  a  mile  to  the  eastward  the  Arcluean  ridge  passes  l>ehinill 
nearer  ridge,  and  it  seems  highly  probable  that  the  flexure  above  men 
tioiied  is  in  some  way  intimately  connected  with  the  presence  of  thL 
continuation  of  the  mctumorphic  axis  of  the  main  range.  It  became  a 
subject  of  frequent  observation,  as  our  work  extended  into  the  middl- 
and  southern  portions  of  the  range,  that  the  sedimentaries  often  reaehc* 
to  within  a  mile  and  less  of  those*  points  where  the  crystalline  nucleus  c 
the  range  had  reached  the  maximum  of  upheaval,  and  this  witlion 
greatly  disturbing  the  sedimentaries;  while  at  other  localities,  wher 
there  was  not  apparent  cause,  indeed  where  the  Archaean  rocks  done 
even  show  themselves,  evidences  of  some  of  the  most  remarkable  di* 
turbances  were  encountered,  showing  the  unequal  action  of  the  elevator 
forces,  especially  at  the  extremities  of  the  great  uplift  in  which  orig 
uated  the  range.  That  the  above  fold  belongs  to  one  of  the  latt€ 
exhibitions  there  can  be  little  doubt ;  and  hence  the  unprolitableiie* 
of  the  endeavor,  with  the  limited  time  at  our  disposal,  to  trace  the  fi>1 
southward  to  any  distance,  where  the  elcvatory  forces  seem  to  have  be* 
far  more  uniformly  distributed,  as  evidenced  at  numerous  points  wh^i 
we  succeeded  in  extendtng  our  sections  across  the  range,  and  where  tl 
minor  inequalities  in  the  sedimentaries  are  altogether  subordinate 
the  great  displacement. 

The  outline  sketch  from  Station  XXXII  exhibits  the  relations  of  t$ 
sedimentaries  to  the  nictninorphics  in  this  northern  portion  of  the  rang 
where  the  former  constitute  the  highest  elevation,  10,.'500  to  10,.">00  ftH 
A  little  west  of  south  rises  the  rugged  spur  which  defines  the  norths 
bordtr  of  the  wide  Arcluean  area,  on  the  western  think  of  which  rise  *■ 
the  volcanics,  as  shown  in  section  K  of  the  accompanying  plate  of  a* 
tions  across  the  Teton  liange.    Almost  in  line  with  the  western  prom*3 
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tory  of  this  spur  and  some  8  miles  south,  or  13  miles  south  of  Station 
XXXII,  in  a  high  ridge  on  which  Station  XXXV  was  located,  the  sedi- 
mentaries  again  appear  high  up  on  the  western  flank  of  the  range,  defin- 
ing the  southern  limits  of  the  Archaean  area,  and  breaking  down  into  a 
magnificent  amphitheatre  based  upon  the  rapidly  rising  metamorphic 
floor  which  culminates  in  the  great  axial  ridge  along  the  eastern  bor- 
der of  the  range.  The  section  here  revealed  is  reproduced  in  section 
C.  It  shows  a  great  foreland  rising  up  from  the  level  of  Pierre's  Basin 
with  gradually  steepening  acclivity,  its  foot  bathed  in  the  volcanics, 
porphyritic  trachytes,  to  an  elevation  of  800  feet  above  the  edge  of  the 
basin  and  terminating  in  successive  lines  of  cliffs  and  steep  taluses  of 
debris  facing  the  east.  The  asceut  is  over  grayish-blue,  spar-seamed, 
cherty  limestone,  containing  abundance  of  characteristic  Carboniferous 
fossils,  the  strata  inclined  at  angles  of  10°  to  20°,  W.  25°  to  35°  K 
The  descent  of  the  slope  is  in  places  so  much  more  considerable  than 
the  inclination  of  the  strata  that  the  latter  are  often  carved  into  great 
bosses,  or  gently  tilted  tables,  surmounting  the  western  mountain  flank. 
It  is  very  difficult,  if  not  impossible,  to  obtain  a  perfect  section  of  these 
Carboniferous  deposits.  Even  in  the  abrupt  east  face,  in  which  the  ledges 
show  thin  edges,  the  exposure  consists  of  mural  walls  of  limestone, 
separated  by  steep  debris  slopes,  arranged  in  alternating  order  to  a  depth 
vhich  probably  includes  a  thickness  of  800  feet  of  strata  overlying  the 
heavy-bedded  buff  magnesian  limestones  of  the  Niagara  epoch.  Whether 
these  debris  slopes  indicate  the  position  of  clay  and  shaly  layers,  or  the 
mural  ledges  only  show  firmer  limestone  beds,  alternating  with  more 
fragmentary  and  easily  degraded  strata,  was  not  ascertained ;  it  is,  how- 
ever, probably  attributable  to  both  conditions,  the  more  comx)act  beds  al- 
ternating with  both  clay  and  fragmentary  limestone  deposits.  Rising  to 
.  view  from  beneath  the  Carboniferous,  the  Niagara  buff  magnesian  lime- 
stone extends  eastward  into  the  Alpine  basin  like  a  gigarttic  pier,  often  re- 
vealing in  mural  exposures  200  to  300  feet,  the  base  of  the  cliffs  buried  in 
ledge,  which  is  easily  recognized  by  its  uniform  escarpments,  and  the 
debris  which  conceals  the  total  thickness  of  the  formation.  This  great 
castellated  forms  into  which  its  crest  weathers,  is  in  turn  succeeded  by 
the  thinner-bedded,  rough,  dark  drab  limestones  of  the  Quebec  Group, 
^hich  rest  upon  rusty  reddish  quartzites  partially  flooring  the  amphi- 
theatres. Of  the  Quebec  limestones  there  is  seen  a  thickness  of  perhaps 
300  to  400  feet,  the  underlying  sandstones  and  quartzites  showing  about 
200  feet  more. 

Looking  northward  from  Station  XXXV,  the  sedimentaries  soon  cease, 
and  with  them  the  extreme  ruggedness  of  the  surface,  which  is  moulded 
in  the  Archaean,  which  sweeps  up  in  grand,  massive  ridges,  in  which  the 
streams  have  worn  comparatively  shallow  channels.  While  there  is 
unmistakable  evidence  here  of  an  excess  of  upheaval  of  the  Archaean 
Nucleus  of  the  range,  by  which  the  sedimentaries  were  crowded  farther 
to  the  westward  in  the  region  intervening  between  Leigh's  Creek  and 
the  North  Fork  of  Pierre's  River,  the  present  surface  contours  are  duo 
to  the  extensive  denudation  to  which  this  part  of  the  range  has  been 
subjected  antecedent  to  the  'flow  of  volcanic  matter  which  here  rests  on 
toemetamorphics,  and  which  has  also  undergone  extensive  erosion  within 
comparatively  modern  times.  The  volcanics,  represented  by  the  ancient 
Porphyritic  trachytes  which  appear  in  rough,  vesicular,  rusty  ledges 
antl  light  drab  and  pink  trachytic  beds,  are  traced  in  more  or  less  well 
defined  benches,  which  reach  an  actual  altitude  of  7,400  feet  between 
Bear  Creek  and  West  T£ton  River,  where  they  gently  incline  toward  the 
teain.    In  the  debouchure  of  the  latter  stream  these  deposits  have  been 
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extensively  removed,  showing  that  the  valley  was  probably  excavated 
subsequent  to  the  flow,  as  there  was  observed  no  evidence  of  the  volcanic 
flow  having  filled  an  ancient  valley-depression.  On  the  contrary,  these 
deposits  may  be  seen  rising  in  the  sides  of  the  present  valley,  gradually 
climbing  to  higher  elevations  until  they  reach  the  above-mentioned  alti- 
tude, when  they  cease.  It  is,  however,  quite  probable  that  the  West 
Teton  Valley  was  marked  out  at  a  time  long  anterior  to  the  epoch  of 
volcanic;  eruption,  but,  as  is  the  case  with  all  the  streams  on  this  side  of 
the  range,  the  channel  was  as  yet  much  less  profoundly  excavated  and 
opened  out  in  a  broad  shallow  recess  facing  the  basin. 

A  remarkable  feature  of  the  range  is  its  uniformity  of  outline,  and 
when  it  is  observed  that  this  uniformity  holds  no  relation  to  the  compar- 
ative development  and  position  of  the  rocky  materials  out  of  which  it 
was  sculptiu'ed,  it  is  difficult  to  conceive  by  what  laws  the  erosive  forces 
were  so  evenly  distributed  as  to  produce  the  result  embodied  in  this 
almost  rectangular  mountain  block,  in  one  part  entirely  made  up  of  inet- 
amorphic  materials,  in  others  largely  moulded  in  sedimentary  deposits; 
but  the  denuding  forces  have  reduced  the  base  to  the  even  line  traced 
by  the  present  western  foot  of  the  range,  as  though  it  had  not  to  deal 
w'ith  so  diverse  pctrographical  elements.  The  North  Fork  and  Leigh's 
Creek  drainage  have  constituted  the  principal  channels  through  wliich 
this  immense  quantity  of  detrital  material  was  transported  and  piled  up 
in  a  wide-spreading  accumulation  of  tailings,  to  which  is  doubtless  due 
the  low  upland  that  dammed  Pierre's  Basin,  and  along  which  the  North 
Fork  flowed,  as  upon  a  mole,  and  which  was  subsequently  involved  iiL 
the  volcanic  flows  wliich  covered  alike  all  the  lower  ]M>rtion8  of  th^ 
country.  There  is  scarcely  room  to  doubt  that  this  Arcluean  area  wa». 
the  theatre  of  extensive  glacial  action ;  but,  unfortunately,  time  did  not; 
permit  sufliciently  close  examination  to  determine  its  character  aii(L 
extent.  • 

The  West  Teton  River  has  excavated  the  largest  valley  and  caiioii 
found  on  the  west  side  of  the  range.     The  lower  portion  occupies  a  lino 
valley  half  a  mile  to  one  mile  in  width,  and  for  the  most  part  it  is  filled  with 
level  terraces  of  drift  materials,  clothed  with  herbage  and  margined  along 
the  swift-flowing  stream  by  beautiful  groves  of  pine  and  spruce.    Five 
miles  a  hove  the  debouchure  the  stream  branches,  and  thence  their  courses 
are  limited  within  narrow  bounds,  until  they  open  out  into  the  Alpine 
basins  which  occupy  so  considerable  areas  in  the  heart  of  the  ranjre- 
Entering  the  valley  from  the  gentle  sloping  plain  of  Pierre's  Basin,  its 
debouchure  is  partially  filled  with  a  low  morain-likc  accumulation  of 
loose  materials  and  fine  soil,  which  is  hollowed  into  wave-like  inequali- 
ties somewhat  parallel  with  the  foreland  foot,  and  covered  with  clumps 
of  aspen.     Within  the  valley  huge  blocks  of  limestone  and  granite  Insi- 
ders are  strewn  over  the  prairie  surface  and  pave  the  adjacent  acclivities, 
erratics  tumbled  from  the  neighboring  heights  or  transported  by  glacial 
agencies  from  the  interior  portion  of  the  mountains.     One  of  the  former, 
a  huge  block  of  Niagara  limestone  above  5,000  feet  cubic  contents,  rests 
upon  the  terrace  level  a  mile  or  so  within  the  valley,  whose  transporta- 
tion from  the  nearest  ledges  of  its  kind  could  hardly  have  been  eftecteil 
by  other  than  glacial  means.     The  voleanics  show  in  rusty  and  brick-red 
outcrops  in  the  north  side  a  couple  of  miles  within  the  entrance,  where 
they  hold  a- position  several  hundred  feet  above  the  valley-floor.    There 
appear  the  Carboniferous  limestones,  which  an*  soon  upraised  sufficiently 
to  bring  to  view  the  Niagara  dolomitic  limestones.     The  latter  theiiee 
form  a  line  of  picturesque  castellated  dill's,  gradually  mounting  and  reach- 
ing to  the  forks  of  the  stream,  in  the  vicinity  of  which  they  sweep  round 
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right  and  left,  forming  a  prominent  course  in  the  walls  of  the  amphi- 
atres  into  which  this  part  of  the  range  has  been  sculptured.  A  frag- 
nt  of  the  Niagara  still  crowns  the  crest  of  the  huge  ridge  between  the 
[>er  main  forks  of  the  stream.  About  midway  of  the  valley-course  of 
» stream,  the  Quebec  limestones  appear  to  view  from  beneath  the  Niag- 
)  and  gradually  rising  to  the  east,  at  the  upper  end  of  the  valley  they 
>w  in  two  fine  escarpments  separated  by  a  band  of  steep  talus  over  an 
»rdeposit  of  blue  clay  and  shales,  the  whole  making  up  a  thickness  of  200 
:00  feet.  A  similar  talus  slope  consti  tutes  the  dcmarkat  ion  between  the 
>er  ledge  of  the  Quebec  and  the  Niagara.  The  slope  below  the  Que- 
is  broken  here  and  there  by  outcropping  ledges  of  white  sandstone 
L  quartzite  conglomerate,  probably  interstratilied  with  softer  deposits 
ve,  which  make  up  the  lower  200  feet  of  the  sedimentary  deposits. 
>  quartzites  rest  upon  the  unconformable  Arehcean,  which  latter  sinks 
eatii  the  valley  level  a  short  distance  below  the  mouth  of  Jackson's 
ion.  The  Quebec  limestones  and  underlying  quartzites  mount  high 
the  ridge  intervening  between  Jackson's  Canon  and  the  Teton  Canon, 
.  suddenly  terminate  in  the  cap  of  the  Pulpit,  which  immediately  over- 
£8  the  head  of  the  grand  cafion  of  East  Teton  Creek.  Beyond  this 
Archaean  rises  up  into  the  culminating  peaks  of  the  range,  occupying 
sit  about  live  miles  in  width  extending  to  the  eastern  foot  of  the 

.t  the  forks  of  the  West  T6ton  Valley  the  Carboniferous  limestones  have 
ched  a  relative  elevation  of  2,000  feet,  where,  in  the  heights  in  the  south 
*le,  1,000  to  1,500  feet  of  the  inferior  portion  of  the  series  are  seen  in 
icessive  ledges  and  hidden  bands,  underlaid  by  the  Niagara,  Quebec, 
I  quartzite,  which  hero  exhibit  one  of  their  finest  exposures.  It  was 
this  vicinity  Professor  Bradley  prosecuted  his  examinations,  an  inter- 
ing  account  of  which  is  incorporated  in  the  report  for  1872.  At  that 
ne  Professor  Bradley  inferred  from  their  relative  position,  and  partly 
account  of  lithological  resemblances,  the  Niagara  age  of  the  buff-gray 
agnesian  limestone,  which  presents  one  of  the  most  promincut  features 
the  magnificent  exposure  of  this  locality.  As  previously  mentioned, 
was  our  fortune  to  confirm  this  identification  by  palajontological  cvi- 
flice  found  in  connection  with  this  horizon  in  the  northern  part  of  the 
nge.  In  1872,  Professor  Bradley  obtained  from  the  inferior  drab  thin- 
Hided  limestones  a  few  fragments  of  trilobites,  representing  species  of 
to  genera  Conocoryphe  and  Dicellocephalus,  from  which  he  was  able  to 
ttablish  the  Quebec  age  of  these  lower  limestones.  He  found  the  Que- 
*  underlaid  by  compact  and  shaly  glauconitic  sandstones,  which  in  turn 
«t  upon  a  bed  of  ferruginous  quartzite,  50  to  75  feet,  the  whole  estimated 
;  about  350  feet  locally,  and  which  were  respectively  compared  to  the 
&ox  sandstones  of  Tennessee  and  the  widely  distributed  Potsdam.  In 
to lack  of  facts  in  the  least  controverting  Professor  Bradley's  dctenni- 
ttions  of  the  stratigraphic  equivalents  of  the  above  formations,  the 
lines  which  he  applied  to  them  have  been  accepted,  only  habitually  re- 
tting to  the  arenaceous  inferior  deposits,  both  sandstones  and  quart- 
tes,  under  the  term  Potsdam,  or  simply  quartzite.  During  the  brief 
toe  we  spent  in  the  vicinity,  the  lower  or  Quebec  limestones  were  found 
form  two  distinct  horizons,  separated  by  a  deposit  of  blue  clay  and 
aly  lavers,  the  upper  bed  the  thickest,  and  together  making  a  thickness 
200  to  400  feet. 

A  section  in  the  south  side  of  the  West  T6ton  Valley  to  the  forks,  thence 
asing  over  the  partially  Quebec-capped  ridge  between  the  north  branch 
d  Jackson's  Canon  to  the  Pulpit,  and  thence  by  Mount  Hayden  to  the 
atern  foot  of  the  range,  along  a  nearly  east-west  line,  is  shown  in  the 
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accompanying  plate,  Section  D.  This  profile  exhibits  approximately 
relative  position  and  present  distribution  of  the  sedimentaries  in  this 
of  the  range. 

South  of  the  West  Tdton  Valley,  a  huge  tilted  block  of  the  sedimc 
lies,  four  to  five  miles  in  breadth,  constitutes  the  west  flank  of  the  m 
tain  between  that  stream  and  Goodfellow's  Creek,  on  the  southeast  a 
of  which  Station  XXXVII  was  established.  The  eastern  face  of 
ridge  is  wrought  into  amphitheatres  and  colossal  pier-heads,  on  the 
hand  extending  out  into  the  granite-floored  Alpine  Basin  in  which  ^ 
Teton  Creek  rises,  and  on  the  other  the  smaller  basin  at  the  hca 
Goodfellow's  Creek,  which  is  also  based  on  the  light-colored  granite,  i 
which  rise  ridges  capped  by  remnants  of  the  more  ancient  sedimenta 
The  latter  basin  is  bounded  on  the  south  by  a  line  of  steep  accliv 
with  precipitous  coping  of  Silurian  limestone,  which  culminates  in  a] 
isolated  mountain,  having  the  semblance  of  a  huge  architectural  ] 
nearly  11,000  feet  in  actual  altitude,  to  the  southeast  and  east  of  wi 
the  axial  crest  of  the  range  swings  round  in  broad-topped  summits  I 
ing  characteristic  remnants  of  the  quartzite  and  Quebec.  The  section  I 
displayed  is  very  like  that  previously  described,  as  a  comparison  of 
tions  D  and  E  will  render  apparent.  The  latter  section  is  also  caz 
across  the  range  along  a  nearly  east- west  line. 

The  volcanies  reach  an  elevation  of  between  500  and  800  feet  a] 
the  west  foot  of  the  mountain,  and  at  about  1,000  feet  are  succeed* 
ledges  of  butf-red  hard  sandstone.  The  latter  continues  to  hold  its  |j 
in  the  wooded  ascent,  whose  inclination  apparently  closely  correspi 
to,  as  it  is  determined  by,  the  dip  of  the  sandstone  pavement  to  ap 
about  four  and  a  half  miles  from  the  edge  of  Pierre's  Basin,  where  I 
terminate  in  a  range  of  steep  bluffs  which  define  the  west  side  of  lai 
gulches  draining  into  the  West  T£ton.  1  n  the  higher  parts  of  this  b$ 
a  section  of  300  to  500  feet  vertical  thickness  is  more  or  less  well  expai 
the  upper  portion  of  which  shows  a  handsome,  even-bedded,  redd 
buff,  laminated  sandstone,  which  forms  a  heavy  bed,  including  atl 
stratum  of  intensely  hard,  rough,  rusty-gray  rock  resembling  burr-sti 
which  in  places  forms  the  coping.  This  bed  is  underlaid  by  an  eqiuj 
greater  thickness  of  red  and  chocolate-brown  indurated  arenaceousa 
interbedded  with  light-drab,  sometimes  nodular,  shaly,  non-fossil ifl 
limestone  and  deep-red  laminated  sandstone,  making  up  the  lower 
of  the  bluff  exposure.  The  above  deposits  rest  conformably  upon 
gray  and  drab  limestone,  containing  a  small  Zaphrcntoid  coral  a; 
obscure  Spirifer,  and  which  forms  the  top  of  the  Carboniferous  lim 
series;  dip,  10°  to  15°,  northwestward. 

The  saddle  connecting  the  above   bluff  with  the  ridge  of  S 
XXXVIT,  a  mile  to  the  east,  is  paved  with  the  limestones,  of 
about  500  feet  an?  exposed  in  the  abrupt  declivity  in  which  tin 
face  of  this  ridge  breaks  down.    In  the  summit  at  Station  XXXV 
upper  layers  of  dark-drab  limestone  dip  at  angles  of  15°  to  20°  wes1 
and  is  underlaid  by  gray  aud  buff  cherty  limestone  with  calcit 
containing  a  LithostrotUm  (L.  Whitneyit)  and  a  form  of  Syrinfjopora. 
ridge  is  blocked  out  of  the  Carboniferous  limestones,  ami  the  i 
gulch  which  separates  it  from  the  next  west-lying  sandstone  ri 
floored  with  large  exposed  surfaces  of  the  rock,  which  are  here  ami 
obstructed  with  sink-holes,  and  on  the  lower  side  pretty  little  1  " 
arc  hollowed  out  of  the  soft  red  deposit  at  the  foot  of  the  bluff, 
the  rapidly-descending  gulches  reach  the  horizon  of  the  heavy 
Niagara,  their  beds  are  precipitated  several  hundred  f«*et  dow 
slopes,  which,  earlier  in  the  season,  when  the  streams  are  full  fi 
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melting  of  the  snow-drifts,  must  present  many  wild,  picturesque  cas- 
cades. 

The  east  face  of  Station  XXXVII  ridge  drops  down  in  precipitous 
slopes  over  the  Carboniferous  beds  to  the  buff  heavy-bedded  magnesian 
limestone  of  the  Niagara,  which  here  occurs  in  characteristic  escarp- 
ments, its  foot  often  buried  in  debris.  Beneath  the  hitter  successively 
appear  ledges  of  the  dark  thin-bedded  Quebec  limestone,  underlaid  by 
rusty  yellow  and  red  deposits  pertaining  to  the  quartzite  horizon,  which 
mount  higher  and  higher  as  they  advance  towards  the  summit  of  the 
range,  where  they  crown  massive  Archaean  heights  with  low  parapets  and 
debris  caps.  The  view  from  this  point  is  very  grand  and  instructive, 
opening  as  it  does  something  like  adequate  conception  of  the  slow-operat- 
ing forces  which  have  reduced  the  great  uplift  to  its  present  diverse 
aspects.  To  the  north  we  always  overlooked  a  field  in  which  the  Archaean 
rocks  form  a  prominent  element ;  but  in  this  quarter  we  are  able  to  form 
a  more  just  conception  of  the  agencies  by  which  those  more  finished  re- 
sults were  attained,  and  a  measure  of  the  progress  of  these  forces  in  the 
degradation  of  the  immense  superficial  covering  of  sedimentary  rocks 
which  originally  roofed  the  whole  range  alike.  While  to  the  north  of 
West  Teton  Creek  the  crystalline  rocks  cover  broad  areas  of  the  crest  and 
flanks  of  the  range,  where  not  only  the  mantle  of  sedimentary  deposits 
has  been  swept  away  to  the  last  vestige,  but  the  crystalline  core  has  been 
deeply  eaten  away ;  here  the  granites  outcrop  in  circumscribed  basin- 
areas,  which  retain  almost  the  original  contour  of  the  surface  upon  which 
the  once  continuous  sedimentaries  rested,  while  the  latter,  indeed,  occur 
everywhere;  here  in  isolated  islands,  there  in  gigantic  outlying  masses 
which  hitch  on  to  the  great  escarpment  of  the  western  foreland,  by  a 
system  of  rugged  connecting  ridges  whose  distinction  is  hardly  half  con- 
summated. There  can  be  no  doubt  that  the  northern  portion  of  the  range 
has  been  subjected  to  much  greater  denudation  than  the  southern  portion ; 
but  whether  this  indicates  the  greater  time  period  during  which  these 
forces  have  operated  in  the  one  quarter,  or  a  less  violent  manifestation 
of  their  action  in  the  other,  we  shall  endeavor  presently  to  determine. 

The  maximum  elevation  of  the  range  probably  culminated  in  the 
vicinity  of  Mount  Moran.    It  is  reasonable  to  suppose  that  in  this  part 
of  the  uplift  the  more  fragmentary  sedimentary  covering  was  subjected 
to  greatest  tension  and  consequent  fracturing,  by  which  these  rocks 
were  here  broken  up,  yielding  more  readily  to  the  denuding  agencies 
than  would  be  the  case  in  less  disturbed  and  lower  portions  of  the  range. 
Hence,  it  is  apparent  that  the  area  of  greatest  denudation  corresponds 
to  that  of  greatest  elevation ;  and  that,  if  the  degrading  agencies  con- 
cerned in  the  work  of  demolition  have  operated  the  same  period  in  all 
parts  of  the  range,  their  work  progressed  with  greater  rapidity  in  those 
portions  where  the  rocks  were  most  fissured  and  accessible  to  the  ele- 
ments combined  in  their  destruction  and  transportation  to  the  lowlands. 
It  is,  to  say  the  least,  premature,  in  the  present  state  of  knowledge,  to 
discuss  the  forms  in  which  the  denuding  forces  were  embodied  which 
carved  mountains  out  of  the  sedimentary  strata  and  planed  down  the 
granitic  nucleus.    To  what  extent  ice,  in  the  form  of  glaciers,  has  acted 
in  this  work  we  have  only  a  few  and  far  too  insufficient  data  upon  which 
to  build  more  than  a  conjecture,  while,  on  the  other  hand,  the  ordinary 
atmospheric  effects  of  freezing  and  thawing,  and  water  erosion  and  the 
^ork  of  streams,  are  visible  on  every  hand,  the  same  to-day  as  in  ages 
past.    There  can  be  little  doubt  that  special  research  in  these  mountains 
*fll  yet  bring  to  light  abundance  of  glacial  phenomena;  but  whether  to 
this  source  alone  are  to  be  attributed  the  origin  of  the  wonderfully  diverse 
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erosive  phenomena  here  encountered,  the  fashioning  of  the  Alpine  basins 
and  the  cutting  of  the  caiions  through  which  their  gathered  waters  flow 
to  the  plain,  may  well  be  questioned. 

To  the  south  still,  a  similar  but  much  norrower  tilted  table  lies  be- 
tween the  canons  of  Goodfellow's  and  Fox  Creeks,  the  geological  features 
of  which  are  a  repetition  of  what  has  already  been  described.  On  the 
southeastemmost  angle  of  this  great  upraised  block  of  sedimentary  rocks 
Station  XXXVIII  was  established,  four  miles  south-southwest  of  the 
preceding  topographic  station.  This  point  commands,  on  the  northeast, 
a  circumscribed  basin  at  the  head  of  a  branch  of  Goodfellow's  Creek, 
which  is  quite  surrounded  by  the  sedimentaries,  which  form  a  broken 
rim  of  variable  height,  sustained  by  accumulations  of  debris  which  slope 
steeply  to  the  bared  ami  glaciated  white  granitic  floor.  The  western 
rim  sweeps  up  into  the  abrupt  acclivities  cap]>ed  by  several  hundred 
feet  thickness  of  the  Carboniferous  limestones;  to  the  right  and  left 
great  arms  are  extended  eastward  and  united  in  a  lofty  summit  nearly 
11,000  feet  in  height,  which  inclose  the  basin  within  a  wall  of  Lower 
Silurian  deposits. 

Fox  Creek  opens  out  into  a  similar  basin  to  the  southeast  of  Station 
XXXVIII,  which,  however,  is  mainly  floored  by  the  quartzite,  with 
remnants  of  the  Quebec  limestones  standing  as  isolated  buttes  and 
tables  which  reach  quite  across  to  the  eastern  summit  verge  of  the 
range,  the  main  channel  of  the  stream  oidy  apparently  hemmed  in  by 
steep  Archaean  acclivities. 

The  immediate  crest  of  Station  XXXVIII  ridge  is  formed  of  the 
Carboniferous  limestones,  which  aflbrd  the  usual  organic  evidence  of 
their  age.  These  are  immediately  overlaid  by  a  series  of  deep  red 
arenaceous  shales  and  sandstones,  holding  interpolated  beds  of  nodular 
and  fragmentary  drab  and  chocolate-stained  limestone,  capped  by  a 
heavy  deposit  of  buff  and  pale  red  even-bedded  sandstone  and  the 
burr-stone  ledge,  which  constitute  the  roof  of  the  great  foreland  de- 
scending into  Pierre's  Basin.  The  relative  position  of  the  strata  here 
mentioned  is  shown  in  section  E,  which  is  carried  across  the  range 
through  Station  XXXVIII  along  an  east-west  line. 

To  the  south  and  southeast  of  Station  XXXVIII  the  summit  of  the 
range  presents  a  marked  change  in  its  geologic  and  concomitant  topo- 
graphic features.    It  exhibits  a  wilderness  of  huge  sedimentary  ridges, 
piled  one  above  another,  advancing  towards  the  east,  where  they  are  sud — 
denly  broken  down  in  long  lines  of  steep  and,  in  places,  precipitous  slo]>es^ 
with  here  and  there  a  headland,  like  gigantic  breakers  transformed  int 
stone.    The  range  is  thence  enveloped  in  these  rocky  surges,  which  finally 
lap  completely  over  the  crest  and  eastern  flank  in  the  vicinity  of  th 
southern  extremity  of  the  range,  hiding  from  view  the  nucleus  of  Archa»a 
rocks.     From  the  remnants  or  isolated  exposures  of  the  Palaeozoic  series 
in  Jackson's  Basin,  on  the  east  side  of  the  range,  we  infer,  with  som 
degree  of  confidence,  the  colossal  proportions  of  the  rocky  billows  tha 
once  spanned  the  southern  half  of  the  great  uplift  out  of  which  the  Tetor 
Range  was  carved,  and  in  comparison  with  which  those  folds  which  re- 
main visible,  to  this  day  are  mere  undulations.     It  is  greatly  to  be  re- 
gretted that  opportunity  was  lacking  to  penetrate  to  the  summit  of  the 
range  in  the  portion  intervening  between  Station  XXXVIII  and  the 
high  point  at  the  extreme  south  end,  which  was  selected  for  the  final 
topographic  Station,  XLI1I.     Consequently,  we  are  left  somewhat  in 
doubt  regarding  the  special  expression,  so  to  speak,  of  the  disturbances 
which  here  transpired,  and  the  records  of  which  are  to  l>e  sought  in 
something  more  than  hastily-executed  examinations.    Therefore,  in  giv- 
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ing  the  final  transverse  section  of  the  range,  section  G,  the  facts  observed, 
as  in  the  preceding  diagrams,  are  readily  distinguishable  from  the  in- 
ferred. 

The  western  flank  of  this  portion  of  the  range  is  apparently  precisely 
similar  to  what  obtains  in  the  blocks  between  Fox  Creek  and  the  West 
T6ton  Valley — a  great  foreland  covered  by  the  sandstone  and  red  arena- 
ceous deposits,  winch  here  constitute  the  uppermost  member  of  the  Carbon- 
iferous. But  while  this  block  terminates  in  precipitous  declivities  facing 
the  east,  it  is  here  succeeded  by  loftier  and  almost  equally  massive  ridges, 
which  appear  to  rise  up  from  beneath  the  foreland  block  in  a  succession 
of  great  billows  with  which  this  portion  of  the  range  is  furrowed.  It  is 
also  rendered  apparent  that  these  ridges  are  stratigraphically  alike ;  that 
is,  they  are  all  composed  of  the  same  series  of  strata,  which  were  once 
spread  out  in  horizontal  layers  on  the  bottom  of  the  sea,  and  to  account 
for  their  present  position,  fortunately,  we  are  not  wholly  without  evi- 
dence that  furnishes  a  clue.  As  seen  from  the  Lower  Gros  Ventre  Buttes 
in  Jackson's  Valley,  the  east  wall  of  the  range  rises  rapidly  over  .1,000 
to  2;000  feet  of  Archaean  ledges,  which  are  capped  by  more  than  as  great 
again  thickness  of  sedimentary  formations.  The  latter,  at  one  point,  a 
little  south  of  west  of  the  confluence  of  the  Gros  Ventre  with  the  Snake 
River,  are  projected  in  a  sharp-crested,  bastion-like  ridge  a  distance  be- 
yond the  lofty  axial  summit,  and  where  they  plainly  exhibit  one  of  the 
sharp  subordinate  undulations  into  which  the  great  primary  fold  of  the 
range  was  corrugated.  The  western  flank  of  a  similar,  if  not  identical, 
secondary  fold  is  preserved  in  the  outlying  hill  in  the  north  angle  of  the 
debouchure  of  East  Pass  Creek;  a  few  miles  south  of  the  above-mentioned 
exposure,  in  which  the  Carboniferous  limestones  are  seen  dipping  gently 
into  the  range,  or  W.  35°  N.  at  an  angle  of  14°.  The  same  beds  again 
appear  in  the  Lower  Gros  Ventre  Buttes,  where  they  were  observed  by 
Professor  Bradley,  in  nearly  horizontal  position. 

Ascending  East  Pass  Creek,  which  flows  through  a  wild,  thickly- 
wooded  ravine,  no,  ledges  in  situ  are  met  with  adjacent  to  the  trail  until  . 
approaching  the  summit  of  the  pass,  where  we  encounter  the  upper  sili- 
cious  horizons  of  the  Carboniferous.  About  midway,  large  masses  of 
buff,  rough-weathered,  magnesian  limestone,  more  or  less  abraded,  ap- 
pear in  the  steep  slopes,  indicating  the  presence  of  the  Niagara  beds  in 
the  depression  between  the  outlying  hill  and  the  main  mountain.  And 
higher  up,  perhaps  a  couple  of  miles  from  the  summit,  quantities  of 
abraded  boulders  of  gneiss,  schists,  and  other  Archaean  rocks  are  met 
with,  which  doubtless  were  brought  down  by  the  streams  which  pene- 
trate the  range  to  the  north. 

On  descending  West  Pass  Creek,  a  mile  or  so  west  of  the  summit  and 
but  little  lower  in  elevation,  the  trail  crosses  a  spur  ridge  in  which  is  ex- 
posed a  considerable  thickness  of  deep  red,  even-bedded  sandstone  and 
sandy  shales,  dipping  at  an  angle  of  about  45°  southward,  and  which 
probably  represent  the  "red  beds"  of  the  Trias.  These  deposits  con- 
tinue for  a  distance  of  several  miles ;  even  where  the  ledges  are  unex- 
posed their  position  is  marked  by  the  luxuriance  of  herbaceous  growth 
so  characteristic  of  the  slopes  underlaid  by  or  composed  of  the  debris 
derived  from  these  deposits,  as  observed  at  many  other  and  distant  local- 
ities in  this  region.  Between  three  and  four  miles  below  the  summit  the 
main  valley  receives  on  the  right  a  deep  gulch  which  heads  between 
Station  XLIII  and  its  higher  neighbor  to  the  northwest.  In  the  lower 
angle  of  this  gulch  the  steep  mountain  side  is  plated  with  heavy  ledges 
of  Carboniferous  limestone  dipping  steeply  to  the  southwest,  but  gradu- 
ally slackening  in  inclination  as  they  rise  higher  in  the  mountain.    T\\& 
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valley  hero  shows  much  limestone  dtibris,  among  which  occur  heavy  nu 
es  of  gray  siliceous  rock  which  have  tumbled  from  ledges  above.    ' 
latter  also  probably  pertains  to  the  Carboniferous,  representing  th*       •  J 
per  siliceous  horizon.  w* 

Just  below  the  last-mentioned  locality  the  valley  widens,  giving  i         r 
for  the  narrow  intervale  which  continues  thence  to  the  debouchure 
Pierre's  Basin,  its  surface  willow-grown  and  the  little  brook  convt 
into  a  chain  of  pools  by  beaver-dams.    Again  the  "red  beds"  set  in, 
overlaid  by  drab  shales  and  shaly  and  compact  drab,  spar-seamed  lime- 
stone, with  obscure  exposures  of  brown- weathered  limestone,  which  bear 
unmistakable  resemblance,  lithologically,  to  the  Jurassic  deposits  else- 
where encountered  in  the  district.    These  are  in  turn  succeeded  by  softish 
gray  thin-bedded  sandstones,  exposed  in  low  dtf&m-covered  slopes  two  or 
three  miles  within  the  mouth  of  the  valley,  below  which  the  vesicular  dark- 
brown  porphyritic  and  drab  and  pink  trachyte  volcanics  reappear,  ex- 
tending thence  out  into  the  borders  of  Pierre's  Basin.    The  water-worn 
debris  so  plentifully  occurring  in  the  valley  is  composed  of  red  sand- 
stone and  gray  siliceous  and  drab  limestone  bowlders,  the  absence  of 
Archaean  erratics  being  a  notable  fact  and  showing  that  none  of  the 
water-courses  at  the  southwest  extremity  of  the  range  have  eroded  their 
beds  to  the  crystalline  basis  upon  which  the  sedimentary  formations 
rest.    This  is  an  extremely  interesting  little  valley,  abounding  in  pictur- 
esque scenery ;  on  the  one  hand,  the  steep  rocky  acclivities  which  rise* 
into  the  dominating  peak  at  the  extreme  south  end  of  the  range,  deej> 
gorges  ojnming  short  vistas  into  the  mountain,  their  beds  a  chaos  oC 
tumbled  rocks;  on  the  other,  lower  and  more  gentle  ridges,  densely — 
wooded  with  beautiful  forests  of  pine  and  spruce,  rise,  rank  ujkhi  rank^ 
into  the  broken  mountain  region  included  in  the  great  bend  of  Snakes 
Eiver. 

It  is  quite  apparent  that  for  at  least  a  few  miles  north  of  AVest  Pas^E 
Creek,  the  foot-hills  along  the  west  flank  of  the  Teton  Range  arc  niad<^ 
up  of  the  Triassic  "red  beds"  and  Jurassic  deposits  overlaid  by  a  rem — 
naiit  of  the  peculiar  soft  gray  sandstones  which  have  elsewhere  been«- 
provisionally  referred  to  the  Laramie  Group.    But  these  are  soon  re  — 
platted  by  the  siliceous  ImmIs  and  limestones  of  the  Carboniferous  period, 
which  rise  up  into  the  Twin  Mountains  at  the  extreme  south  end  of  the* 
range,  on  the  easternmost  of  which  Station  XLII1  was  located  at  au 
actual  altitude  of  10,10:5 1eet,or  1,G0.'J  feet  above  the  summit  of  the  pass, 
a  mile  to  the  south.    The  southern  declivity  of  the  latter  eminence  is 
heavilv  mailed  with  Carboniferous  limestone  more  or  less  chert v  and 
spar-seamed,  which  dips  47°  S.,  4(P  W.    The  foot  of  the  slope  in  the  im- 
mediate vicinity  of  the  saddle  is  made  up  of  the  buff  siliceous  dcjiosift 
whose  (Ivbr'iH  strews  the  surface,  while  on  the  summit  of  Station  XLI1I 
lower  limestone  horizons  are  reached,  charged  with  Zaphrentis  and  large 
masses  of  lAthoxtrotwn,  Spirifer,  several  species  of  Prodnctus,  and  a 
small  Atlu/ris.    These  summit  strata  show  a  variable  degree  and  direc- 
tion of  inclination,  ranging  from  5°  to  L^,  W.  25°  to  00°  X.,  the  beds 
actually  folding  partially  around  the  mountain  from  a  northwest  to* 
southerly  direction.    The  same  is  also  observed  in  the  higher  mountain 
t  wo  and  a  half  miles  to  the  nort  h  west,  whose  escarped  southeast  face  shows 
the  strata  nearly  level  along  the  northeast  and  southwest  line  of  strike, 
while  on  the  southern  flank  they  pitch  down  rapidly  into  West  Pass 
Creek  Canon.    It  seems  highly  probable,  also,  that  the  saddle  between 
these  mountains  occupies  the  position  of  a  synclinal  of  one  of  the  sec- 
ondary folds  with  which  this  portion  of  the  range?  was  wrinkled. 

A  section  in  the  ridge  of  Station  XLII1,  presents  very  nearly  the 
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same  stratigraphic  features  as  noted  previously  in  the  vicinity  of  Stations 
XXXVIII  and  XXXVII  to  the  north.  The  summit  drab  limestones  are 
overlaid,  in  the  crest  of  the  ridge  a  short  distance  northwest,  of  the 
summit,  by  a  thickness  of  150  to  200  feet  of  strata,  which  show  the  fol- 
lowing order  of  arrangement; 

Section  in  crest  of  Station  XLIII  ridge. 

a.  Hard,  pinkish  gray,  laminated  sandstone,  50  to  75  feet  exposed. 

b.  Blue  and  gray  limestone,  with  criuoidal  remains  ;  dip  W.  35°  K, 
angle  23°. 

c.  Reddish  chocolate,  fragmentary  limestone,  Spirifer  and  comminuted 
fossil  remains ;  thin  bed. 

d.  Bed  shale  and  shaly  sandstone,  with  dark  flint  flakes. 

e.  Bough,  cherty,  gray  limestones;  thin  bed. 

/.  Laminated,  gray-buff,  reddish  stained  sandstone,  forming  a  heavy 
bed  capping  the  ridge  at  one  point. 

g.  Drab-blue  limestones ;  thin  bed. 

h.  Bed  shales  and  sandstone. 

t.  Drab-gray  limestones,  exposed  400  feet  and  more  in  steep  slopes 
descending  into  amphitheatre. 

The  above  ledges  veer  round  in  the  crest  of  the  ridge  defining  the 
amphitheatre  which  opens  out  to  the  east,  the  uppermost  sandstone  ap- 
pearing in  the  slope  descending  to  the  saddle  connecting  this  ridge  with 
the  higher  mountain  to  the  west.  In  the  summit  of  the  latter  is  plainly 
seen  a  remnant  capping  of  dull  reddish  beds,  which  may  possibly  prove 
to  be  identical  with  the  red  arenaceous  horizon  above  described,  rather 
than  referable  to  the  base  of  the  Trias  "  red  beds."  The  southeastern 
face  of  this  mountain  shows  a  fine  exhibition  of  the  Carboniferous  lime- 
stone ledges,  800  feet  or  more  in  thickness,  and  which,  as  before  stated, 
curve  round  from  the  northwest  to  the  south  where  they  abruptly  dip  in 
the  steep  slopes  bordering  West  Pass  Creek.  The  accompanying  sketch 
conveys  at  a  glance  the  relative  position  of  the  strata  in  the  latter  moun- 
tain, as  seen  from  the  south  flank  of  Station  XLIII,  the  difference  in 
altitude  of  the  two  mountains  being  about  220  feet. 

Looking  northward  from  Station  XLIII,  the  eye  takes  in  at  a  glance 
the  great  sedimentary  ridges  which  here  span  the  range,  terminating  in 
the  chain  of  lofty  summits  which  crown  the  eastern  barrier,  which  ab- 
ruptly descends  into  Jackson's  Basin.  The  western  foreland  here,  as 
farther  northward,  terminates  in  ridges  whose  eastern  face  falls  away  in 
a  succession  of  escarpments  and  steep  slopes  into  amphitheatres  in  which 
the  west-flowing  streams  take  their  rise.  But  in  this  section  the  amphi- 
theatres are  much  restricted,  and  the  drainage  channels  are  canoned  in 
the  sedimentary  deposits,  rarely,  indeed,  cutting  their  beds  through  to 
the  Archaean  basis,  which  only  appears  in  force  in  the  mountain  wall 
rising  from  Jackson's  Basin.  While  in  the  north  the  continuity  of  the 
sedimentary  beds  may  be  traeed  for  miles  in  the  foreland  escarpments 
and  in  the  great  pier-like  ridges  separating  the  Alpine  basins,  in  the 
latter  region  these  same  deposits  are  thrown  into  an  assemblage  of 
rugged  ridges  ami  mountain  blocks  which  almost  defy  the  recognition  of 
the  various  formations  from  any  one  point  of  view  over  so  extensive 
and  broken  a  field.  This  is  mainly  due  to  the  fact  that  these  deposits 
are  much  disturbed  by  minor  and  more  or  less  local  undulations,  which, 
in  comparatively  short  distances,  cause  the  same  beds  to  appear  at  very 
different  relative  levels,  while  the  repetition  of  similar  lithological  condi- 
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tions  greatly  perplexes  and  confuses  the  study  and  identification  of  syn- 
chronous strata  in  the  various  parts  of  the  field  in  view. 

About  midway  between  the  southern  end  of  the  range  and  Station 
XXXVIII,  or  some  five  miles  north  of  Station  XLIII,  the  Carbonifer- 
ous first  reaches  the  eastern  front  of  the  range.  It  here  caps  the  cliffs 
of  Niagara  limestone,  in  the  heights  about  northwest  of  the  Lower  Gros 
Ventre  Buttes,  where  the  latter  is  in  turn  underlaid  by  the  low  escarped 
Quebec  ledges,  from  beneath  which  the  rusty  and  yellow  deposits  of  the 
quartzite  horizon  also  appear,  gradually  sinking  to  the  south,  until  all 
disappear,  save  the  Carboniferous  which  forms  the  foot-hills  in  the  im- 
mediate vicinity  of  East  Pass  Creek. 

In  further  explanation  of  the  geological  structure  of  the  T^ton  Range, 
attention  is  directed  to  the  longitudinal  and  transverse  sections  given  in 
an  accompanying  plate,  which  convey  a  tolerably  accurate  view  of  the 
profile  of  the  range  along  the  lines  of  the  sections.  The  drainage  map, 
reduced  from  the  topographic  sheets,  exhibits  the  general  distribution  of 
the  geological  formations  so  far  as  it  was  possible  to  make  them  out  in  the 
course  of  a  necessarily  brief  visit. 

SNAKE  RIVER  RANGE. 

Under  the  general  term  Snake  River  Range  is  included  the  belt  of 
highlands  to  the  west  and  south  of  the  Teton  Range,  which  has  a  gen- 
eral northwest  and  southeast  course  of  about  sixty  miles  within  this 
district,  ranging  from  twelve  to  twenty  miles  in  breadth.  Towards  the 
southern  border  of  the  district  the  Snake  River  has  forced  a  narrow 
passage  through  the  range,  which  is  known  as  the  Grand  Canon,  where 
for  a  distance  of  about  twenty-live  miles  the  stream  is  confined  between 
mountain  walls,  with  little  or  no  intervale  room.  In  the  vicinity  of  the 
Grand  Cafion  the  highland  belt  occupies  the  whole  area  between  the  upper 
and  lower  course  of  the  Snake,  and  where  it  reaches  its  greatest  breadth. 
On  the  northeast  it  impinges  against  the  south  extremity  of  the  Teton 
Range,  and  thence  northwesterly  it  gradually  narrows  and  finally  mer- 
ges into  the  volcanic  upland  south  of  the  western  course  of  Pierre's  River. 

The  Snake  River  Expedition  of  1872  further  distinguished  this  moun- 
tain belt  by  local  appellations,  which,  if  not  absolutely  of  topographical 
importance,  maybe  accepted  for  the  convenience  of  descriptive  purposes. 
To  the  north  the  range  culminates  in  a  series  of  peaks  and  high  ridges, 
the  highest  of  which  attain  an  absolute  altitude  of  10,000  to  10,420  feet, 
to  which  the  name  Pierre's  Mountains  has  been  given.  About  fifteen 
miles  from  the  northern  extremity  of  the  range,  it  is  traversed  by  a  low 
sag,  which  opens  an  easy  passage  across  from  Pierre's  Basin  to  the  lower 
valley  of  the  Snake,  the  southwestern  flank  opening  into  an  extensive 
rugged  basin  area  which  drains  out  into  the  Snake  but  a  few  miles  above 
its  debouchure  into  the  great  plains.  To  the  south  of  this  low  pass  lies 
an  equally  if  not  more  rugged  low  mountain  region,  which  fills  the  great 
bend  of  the  Snake  and  passes  southward  into  the  adjacent  district,  finally 
dying  out  in  the  watershed  between  the  Green  and  Rear  River  Basins. 
That  portion  of  the  latter  section  of  the  range  nearest  the  southern  end 
of  the  Teton  Range  has  received  the  name  Teton  Pass  Mountains,  and 
which  may  be  understood  to  embrace  a  narrow  mountain  belt  extending 
from  the  head  of  Pierre's  Basin  in  the  vicinity  of  the  Low  Pass,  south- 
westerly to  the  Upper  Snake,  in  the  region  of  the  foot  of  Jackson's  Basin, 
or  above  twenty  miles  in  length.  The  highest  eminences  in  this  latter 
mountain-belt  do  no  exceed  0,500  feet,  but  to  the  south  the  highlands 
culminate  in  more  lofty  summits,  whose  isolation  rather  than  actual  alti- 
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tade  renders  them  conspicuous  landmarks,  notably  so  in  the  instance  of 
the  almost  perfect  cone  of  Mount  Baird,  which  rises  in  the  heart  of  the 
broken  region  in  the  great  bend  of  the  Snake. 

That  portion  of  the  range  to  the  north  of  the  Grand  Canon  closely 
follows  the  valley  course.of  Snake  River,  where,  as  seen  from  the  west 
bank  of  the  river,  it  presents  an  exceedingly  rugged  and  imposing  mount- 
ain wall,  cleft  by  the  narrow  valleys  which  give  exit  to  the  interior 
drainage.  To  the  south  of  the  Grand  Canon,  as  far  as  could  be  seen,  it 
is  continued  in  an  almost  equally  formidable  barrier,  which  is  traversed 
by  the  defile  of  John  Day's  River  in  nearly  the  directito  of  the  trend  of 
the  range.  Between  the  latter  stream  and  Salt  River,  farther  south, 
lower  ridges  intervene,  which  Dr.  Peale  found  to  be  made  up  in  part  of 
Mesozoic  strata.  The  main  barrier  fronting  the  lower  valley  of  the  Snake, 
according  to  Professor  Bradley,  is  mainly  if  not  entirely  composed  of 
Carboniferous  deposits,  and,  judging  from  the  resemblance  of  the  harder 
ledges  in  the  lower  or  northern  extension  of  this  western  front,  the  same 
formation  would  appear  to  constitute  the  bulk  of  the  mountain  wall 
throughout.  Even  from  the  distant  view  with  which  we  were  compelled 
to  content  ourselves,  it  was  evident  that  this  front  ridge  partakes  in 
some  measure  of  the  excessive  disturbance  which  was  found  to  charac- 
terize the  eastern  portion  in  the  regions  of  the  Pierre's  and  Teton  Pass 
Mountains,  the  strata  in  places  rising  in  the  steep  slopes  like  a  rocky 
mail,  elsewhere  showing  their  edges  dipping  away  from  the  valley  or 
northeast :  their  foot,  from  a  point  about  half  way  between  the  debou- 
chure of  the  Snake  and  the  lower  entrance  of  the  Grand  Canon,  being 
enveloped  in  the  volcanic  deposits  which  reach  up  the  valley  from  the 
plain. 

PIERRE'S  MOUNTAINS. 

Such  opportunities  as  I  possessed  allowed  only  a  partial  examination 
of  this  most  interesting  region,  and  this  was  mostly  confined  to  the 
Pierre's  Mountains  on  the  western  border  of  the  basin  of  the  same  name. 
Viewed  from  the  basin-plain,  the  eastern  front  of  these  mountains  pre- 
sents a  series  of  more  or  less  regular  spur-ridges,  which  gradually  rise 
up  into  the  eastern  mountain-crest,  and  which  are  much  complicated  by 
secondary  spurs  due  entirely  to  the  erosive  action  of  the  short  drainage 
channels  which  flow  out  into  Pierre's  Basin.  The  principal  spurs,  how- 
ever, conform  to  the  strike  of  the  strata,  and  hence  have  a  general  north- 
west and  southeast  direction.  One  of  these  ridges  forms  the  water-shed 
of  the  drainage  which  flows  into  Pierre's  Basin  on  the  one  hand,  and  on 
the  other  is  drained  into  the  lower  valley  of  the  Snake  through  the  stream 
which  gives  exit  to  the  waters  collected  in  the  mountain-basin  west  of 
Low  Pass.  Pursuing  a  northwesterly  course,  it  culminates  in  a  high 
point,  on  which  Station  XL  was  established,  at  an  altitude  of  10,100  feet 
above  the  sea,  or  a  relative  elevation  above  the  level  of  Pierre's  Basin  of 
about  3,800  feet.  It  forms  a  monoclinal  ridge  of  Jurassic  beds,  dipping 
to  the  southwest  at  varying  angles  of  inclination,  and  much  broken  by 
the  drainage  channels  which  intersect  it  from  either  side.  For  a  largo 
part  of  the  way  the  ridge  is  capped  by  a  heavy  ledge  of  quartzitc,  be- 
neath which  occur  more  or  less  distinct  exhibitions  of  sandstones,  drab 
limestones,  and  shaly  deposits.  On  approaching  Station  XL,  the  latter 
are  seen  to  rest  upon  a  heavy  accumulation  of  deep  red  arenaceous  shales 
and  sandstones,  which  form  a  wide  belt  of  brilliant  color  in  the  northeast 
face  of  the  ridge.  These  are  succeeded  below  by  buff-red  siliceous  beds 
and  intercalated  limestones,  which  finally  pass  into  the  usual  drab  and 
gray  cherty  limestones  everywhere  making  up  the  lower  measures  of  the 
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Carboniferous  in  this  region.  A  section,  starting  on  the  well-determined 
Carboniferous  limestones  and  carried  along  a  southwest  and  northeast 
line,  or  nearly  at  right  angles  to  the  strike,  across  Station  XL  ridge,  is 
shown  in  an  accompanying  plate.  As  this  section  affords  what  may  be 
regarded  as  a  typical  exhibition  of  the  stratigrqphic  structure  of  a  series 
of  formations  which  constitute  an  important  element  in  the  geological 
history  of  the  region,  a  detailed  description  is  here  appended. 

Section  through  Station  XL. 

1.  Gray  and  drab,  cherty,  spar-seamed  Carboniferous  limestone,  ex- 
posed in  south  flank  and  crest  of  high  ridge  north  of  Station  XL  ridge, 
the  southeast  continuation  of  Station  XLU  ridge. 

2.  Beddish-buff  sandstone,  imperfectly  exposed  in  south  side  of  saddle. 

3.  Gray  limestone  ledge. 

4.  Very  hard,  flinty,  gray  sandstone,  almost  a  quartzite.  Dip  40°, 
S.  45o  W. 

5.  Light  gray,  slightly  siliceous  limestone,  with  chert  bands. 

6.  Hard  reddish  buff-gray  sandstone. 

7.  Gray  siliceous  limestone. 

8.  Reddish  buff-gray  sandstone,  with  dark  flinty  fragments  and  hard 
gray  siliceous  layers. 

9.  Dark  chocolate-colored  and  rusty  indurated  deposits,  obscurely 
exposed  in  shallow  saddle. 

10.  Gray,  cherty  limestone,  containing  a  large  Bellerophon,  and  Den- 
tedium  t 

11.  Hard  reddish-buff  sandstone. 

12.  Drab  limestone. 

13.  Very  hard  fragmentary  light-buff  sandstone. 

14.  Very  hard  grayish  sandstone. 

15.  Hard  rusty-brown  laminated  sandstone. 
10a.  Dark  blue  shales  and  indurated  layers. 

1G&.  Reddish  shales  and  rusty-gray  indurated  layers. 

17.  Dark  drab,  thin-bedded  limestone,  with  Lingula,  small  Pleuro- 
horus  f 

18.  Rusty  and  gray,  fine  laminated,  indurated  argillo-arenaceous  de- 
posits. 

11).  Reddish  shales  and  indurated  layers,  exposed  in  saddle  and  ravine 
north  of  Station  XL. 

20.  Tough  gray  sandstone,  dark  brown  stained  on  exposed  surfaces, 
with  obscure  indeterminate  Lamelli  branch.    Dip  44°,  S.  50°  W. 

21.  Gray  and  rusty  indurated  layers. 

22.  Hard,  gray,  rusty -buff  weathered  sandstone. 

23.  Gray  limestone,  thickness  of  10  feet  exposed. 
24a.  Drab  indurated  arenaceous  shales. 

246.  Red  shales. 

24c.  Deep  red  arenaceous  shales  and  indurated  layers  forming  a  prom- 
inent belt  of  brilliant  red  exposures  inthe  north  slope  of  the  mountain. 

25.  Hard,  pale  red  or  pink,  sandstone,  75  feet,  more  or  less. 

20.  Reddish  shales. 

27.  Grayish  or  dark  drab,  in  places  buff-mottled,  spar-seamed,  frag- 
mentary limestone,  forming  a  heavy  ledge,  40  feet  or  more  in  thickness, 
in  crest  of  Station  XL  ridge ;  dip  40°,  S.  50°  W.  This  ledge  contains 
a  few  imperfectly  preserved  fossils,  among  which  are  recognized  crinoidal 
fragments  which  may  prove  to  be  Pentacrinitcs,  a  largish  smooth  Lamelli 
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branch  which,  but  for  its  greater  convexity,  resembles  Camptonectes, 
and  a  small  indeterminate  Gasteropod. 

28.  Drab  shaly  limestone. 

29.  Dark  chocolate-colored  shales. 

30.  Mainly  light  drab,  indurated,  marly  shales,  with  thin  bands  of 
drab  shaly  limestone,  forms  a  heavy  deposit.  A  small  Qryplw&a  (O.  CaU 
ceola  f)  occurs  in  great  abundance  in  the  middle  and  upper  part  of  the 
bed. 

31.  Hard,  indurated  grit  bed,  5  to  10  feet. 

32.  Chocolate-mottled  indurated  deposit,  30  to  50  feet. 

33.  Dark  blue  and  gray,  laminated,  gritty  limestone,  a  heavy  bed,  20 
to  40  feet.    Dip  37°,  8.  45°  W. 

34.  Unexposed  space,  toward  top  light  drab  deposit. 

35.  Dark  and  light  gray,  very  hard  sandstone,  overlaid  by  dark  blu- 
ish-gray very  hard  gritty  layers. 

36.  Dark  and  buff  gray  coarse-grained  sandstone,  with  hard  pink  lam- 
inated layers  and  dirty  yellow  and  brownish  soft  layers  above  j  50  to 
75  feet  exposed.    Dip  44°,  8.  50°  W. 

37.  Rusty-brown,  gray,  and  reddish  conglomerate,  and  laminated,  cross- 
bedded,  very  hard  sandstone,  forming  a  conspicuous  heavy  ledge,  of 
which  a  thickness  of  25  feet  is  exposed,  dipping  S.  60°  W.,  at  an  angle 
of  45°.  The  pebbles  are  rounded  and  arranged  in  more  or  less  regular 
layers,  and  the  whole  bed  is  transformed  into  an  intensely  hard  quartzite, 
whose  rugged  outcrop  may  be  traced  for  miles,  and  is  the  same  ledge 
that  crosses  the  spur-ridge  in  the  vicinity  of  Low  Pass  on  either  side. 

38.  Dull  red  shales.  40  feet,  more  or  less. 

39.  Alternations  or  drab  limestone  and  chocolate-colored  sandstone, 
40  feet,  more  or  less. 

40.  Chocolate-red  shales  and  indurated  sands. 

41.  Light  drab  limestone  and  interbedded  shaly  layers. 

42.  Chocolate-colored  shales  and  gritty  layers. 

43.  Drab  shaly  and  bluish  limestones,*  interbedded  with  drab  shales, 
forming  a  heavy  deposit  several  hundred  feet  in  thickness. 

44.  lieddish  buff-gray  hard  sandstone,  a  heavy  ledge. 

The  base  of  the  section  rests  upon  the  lower  limestones  of  the  Carbonif- 
erous series,  succeeded  by  the  upper  siliceous  member  of  the  same  series, 
which  here  attains  a  thickness  of  above  2,000  feet  between  beds  No.  1 
and  No.  18,  inclusive.  The  fossils  of  bed  No.  10,  although  at  present  not 
specifically  determined,  clearly  belong  to  Carboniferous  types.  But  in 
the  iustance  of  those  obtained  from  bed  No.  17,  which  on  account  of  the 
imperfect  state  of  their  preservation  as  also  the  fact  that  they  belong  to 
less  characteristic  genera,  there  is  room  for  doubt  in  the  determination 
of  the  equivalency  of  the  strata  in  which  they  occur.  The  Lingula  could 
hardly  be  admitted  in  evidence  in  so  important  a  question,  but  the  little 
Lamiili  branch  certainly  bears  a  striking  resemblance  to  a  species  of 
Pleurophorus  prevalent  in  Permo-Carboniferous  horizons  in  the  region  of 
the  Lower  Missouri.  This  fact,  if  not  actual  specific  identity,  in  connec- 
tion with  the  stratigraphic  position  of  the  ledge,  which  lies  immediately 
below  the  Triassic  u  red  beds,"  strongly  favors  the  reference  of  these  upper 
beds  to  the  horizon  of  the  Permo-Carboniferous.  A  s  is  generally  supposed 
in  the  case  of  the  Lower  Missouri  region,  there  may  be  no  well-defined 
demarkation,  either  lithological  or  paleontological,  separating  these 
upper  beds  from  the  distinctively  Carboniferous  horizons ;  but  taking  into 
account  the  prominent  lithological  characters  of  the  latter  deposits,  they 
are  distinguished  in  a  marked  manner  into  upper  siliceous  and  lower 
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limestone  members,  which  apparently  possess  these  distinctive  features 
over  large  areas  in  this  region. 

The  "red  beds"  here,  also,  present  what  may  be  regarded  as  their  fall 
development,  reaching  a  thickness  of  about  2,500  feet,  beds  No.  19  and 
No.  26,  inclusive,  of  the  foregoing  section.  They  are  made  up  almost 
entirely  of  red  arenaceous  shales  and  standstones,  including  just  above 
the  middle  a  stratum  of  limestone.  The  Jurassic  is  introduced  by  the 
limestone  bed  No.  27,  in  which  were  observed  a  few  fossils,  none  of 
which,  however,  were  sufficiently  perfect  for  identification,  although  they 
certainly  possess  Jurassic  fades.  But  in  the  superimposed  indurated 
calcareous  shales  the  abundant  prevalence  of  a  little  Gryphon,  allied  to 
G.  Calceola,  plainly  identifies  the  horizon  with  the  Jurassic  as  elsewhere 
characterized  in  the  northwest.  The  vertical  limit  of  the  Jurassic  de- 
posits at  this  locality  was  not  definitely  determined.  In  the  neighbor- 
hood of  1,200  feet  above  the  base,  a  series  of  hard  sandstone  beds  are 
met  with,  capped  by  a  heavy  bed  of  conglomerate,  attaining  a  thick- 
ness of  aoout  500  feet,  beds  No.  35  to  No.  31  inclusive.  These  are  suc- 
ceeded above  by  a  heavy  deposit  several  hundred  feet  in  thickness, 
consisting  of  alternations  of  pale  red  and  chocolate-colored  shales  and 
drab  limestones  with  drab  shaly  partings,  which  afforded  no  organic 
evidence  by  which  their  age  might  be  determined.  The  section  ceases 
with  a  heavy  deposit  of  sandstone,  No.  44,  which,  together  with  the 
subjacent  strata,  is  apparently  conformable  with  the  whole  rock  series 
included  in  the  section  to  the  lowest  Carboniferous  limestones  there 
shown.  If  non-conformity  exists,  it  is  so  slight  as  to  readily  fail  of 
recognition. 

Looking  south  and  southwest  from  Station  XL,  quite  the  entire  area 
of  the  Low  Pass  basin  is  commanded,  limited  on  the  west  by  a  rather 
high  and  rugged  mountain  ridge,  which  shows  in  its  east  face  escarp- 
ments and  amphitheatres  recalling  the  magnificent  scenery  of  the  Teton 
western  foreland.    The  intervening  country  is  tilled  with  low  hills,  and 
traversed  by  a  net-work  of  narrow  valleys  and  canons,  and  clothed  with 
coniferous  forests.     Here  and  there  dull  buff-colored  exposures  were 
observed  in  the  hill-sides,  but   nothing  affording  familiar  lithological 
characters  sufficient  for  the  determination  of  the  relative  age  of  the  for- 
mations which  they  represent.    But  in  the  steep  mountain  wall  which  rises 
into  the  ridge  immediately  defining  the  eastern  border  of  the  lower 
valley  of  the  Snake,  a  heavy  series  of  drab  deposits  seem  to  indicate 
the  Carboniferous.    It  may  be  that  the  before-mentioned  basin-area  of 
the  Low  Pass  has  been  eroded  out  of  the  comparatively  soft  deposits 
of  the  Laramie  Group,  which  may  either  occupy  a  broad  synclinal  de- 
pression or  a  series  of  narrow  folds  lying  l>et ween  the  two  main  ridges 
which  constitute  the  principal  topographic  feature  of  this  mountain 
group. 

The  section  B,  of  accompanying  plate,  gives  a  profile  of  these  mount- 
ains, along  a  northeasterly  and  southwesterly  line,  passing  through  Sta- 
tion XL,  which  is  based  upon  data  secured  by  Mr.  Bechler.  The  fore- 
going section,  embracing  the  belt  actually  examined  at  this  locality,  is 
introduced  to  show  its  relation  to  the  to]>ography  of  the  range  along 
this  line.  The  profile  crosses  the  barrier  ridge  bounding  the  lower 
vallevof  the  Snake  a  little  to  the  north  of  the  debouchure  of  the  Low  Pass 
drainage,  to  the  north  of  which  the  ridge  rises  1,500  feet  higher  than  at 
the  point  where  it  is  crossed  by  the  profile.  In  the  opposite  direction 
the  eastern  border  of  the  mountains  is  gained  in  a  distance  of  only  two 
or  three  miles  beyond  the  northeast  limit  of  the  section,  and  from  data 
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gained  in  the  vicinity  of  Spring  Creek,  and  at  Station  XLII,  the  Car- 
boniferous limestones  at  this  point  are  found  to  extend  quite  to  the  edge 
of  Pierre's  Basin,  where  they  are  buried  beneath  Post-Tertiary  accumu- 
lations. 

In  the  foot  of  the  mountains,  and  in  low  outlying  mounds  a  short 
distance  south  of  Spring  Creek,  which  issues  a  copious  stream  from  a 
spring  source  in  the  limestone  ridge,  quite  extensive  exposures  of  drab, 
cherty  limestone  with  crinoidal  columns,  overlaid  by  the  reddish-buff  sili- 
ceous beds,  were  seeu,  dipping  to  the  southwestward  at  an  angle  of  about 
35°.  These  deposits  doubtless  belong  to  the  lower  portion  of  the  series 
shown  in  the  section  through  Station  XL,  given  al>ove.  Between  the 
latter  locality,  which  we  designated  by  the  name  Spring  Point,  and  the 
debouchure  of  Low  Pass  Creek,  the  Jurassic  beds  occupy  a  belt  which 
extends  southeasterly  over  to  the  ridges  southwest  of  Station  XXXIX, 
in  the  Teton  Pass  Mountains.  On  the  southwest  border  of  this  belt 
there  are  indications  of  a  sharp  fold  in  the  Mesozoic  strata  which  form 
the  crest  of  the  before-mentioned  spur-ridge  rising  into  Station  XL, 
where,  at  one  point,  the  heavy  conglomerate  ledge  which  overlies  the 
drab  Jurassic  beds  was  observed  to  dip  to  the  northeastward  at  angles 
of  30°  to  50°.  The  latter  exposure  occurs  iu  the  crest  of  the  spur-ridge 
but  a  short  distance  northwest  of  Low  Pass  Creek,  and  where  the 
conglomerate  is  underlaid  by  chocolate  red  beds,  which  are  in  turn 
succeeded  below  by  drab  limestones,  recalling  the  association  of  beds 
observed  to  the  southwest  of  Station  XL.  But,  higher  in  the  ridge,  its 
crest  lies  to  the  southwest  of  the  axis  of  the  fold,  which  also  gradually 
rises  in  that  direction,  so  that  the  southwest  flank  of  the  fold  exhibits 
the  strata  reclining  in  that  direction.  It  is  possible  the  fold  here  alluded 
to  may  be  of  very  local  extent,  which  would  readily  explain  the  north- 
erly expansion  of  the  Carboniferous  deposits  appearing  in  Spring  Point, 
and  which  are  believed  to  belong  to  the  ridge  of  Station  XLII,  as  here- 
after to  be  mentioned. 

Soon  after  crossing  Spring  Creek,  the  foot-hills  to  the  northwest 
show  rusty  weathered  pinkish  trachytic  ledges,  gently  dipping  toward 
the  basin,  or  northeasterly — their  iirst  exhibition  along  this  side  of 
the  basin  after  leaving  the  exposures  in  the  debouchure  of  West  Teton 
Pass  Creek.  On  one  of  these  upraised  volcanic  points  Station  XLI 
was  established,  at  an  elevation  of  about  2,000  feet  above  the  lower 
level  of  the  basin  opposite.  But  to  the  southwest  the  sediinentaries  are 
seen  rising  from  beneath  the  volcanic  border-deposits  into  a  higher 
mountain  ridge  which  forms  an  easterly  spur  prolongation  of  Station 
XLII  ridge.  The  volcanics  skirt  the  mountain  foot  for  several  miles  to 
the  northwestward,  when  they  bear  round  to  the  westward,  rising  high 
up  on  the  northern  terminus  of  the  range  where  they  form  the  long  fore- 
land bench  which  descends  over  gentle  grassy  slopes  into  the  great 
plain  of  the  Snake. 

Just  within  this  fringe  of  volcanics,  a  rather  extensive  recess  along 
the  upper  course  of  Packsaddle  Creek  is  filled  with  low,  rounded  hills, 
rising  into  a  more  promiuent  ridge  along  the  eastern  border,  and  Hanked 
on  the  southwest  by  the  more  rugged  mountain  fridge,  on  the  culminat- 
ing point  of  which  Station  XLII  was  located,  at  an  altitude  of  10,080 
feet  above  the  sea,  or  nearly  4,000  feet  above  the  bed  of  Pierre's  Basin. 
A  section  carried  from  the  volcanic  border  along  a  southwest  line  into 
the  heart  of  the  mountains  'through  Station  XLII  ridge  is  shown  in  the 
accompanying  plate,  section  A,  and  exhibits  the  following  strut igraphic 
elements: 
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the  head  of  Cafion  Creek,  in  the  further  side  of  which  it  is  continued 
until  lost  to  view  in  the  forest-covered  slopes.  The  latter  ledge  may 
be  identical  with  the  conglomerate  shown  in  the  section  through  Station 
XL,  of  which,  Indeed,  the  present  mountain  ridge  is  the  northwesterly 
prolongation.  To  the  southwest  lies  an  equal  breadth  of  hill  country 
intervening  between  the  crest  of  the  range  and  the  lower  valley  of  the 
Snake,  the  exploration  of  which  was,  for  the  lack  of  time,  prevented. 

Station  XLII  commands  a  view  of  the  entire  extent  of  the  little  basin 
to  the  north  and  east,  and  which  is  principally  drained  by  the  sources 
of  Packsaddle  Creek.    Its  undulating  surface  shows  obscure  exposures  of 
the  peculiar  gray  sandstones  enumerated  in  the  foregoing  section,  which 
apparently  compose  the  bulk  of  the  strata  out  of  which  the  basin  has 
been  excavated.    The  ridge  along  its  eastern  border,  in  which  the  hog- 
back ledges  of  Jurassic  limestone  and  sandstone  appear,  is  broken 
down  to  the  northeast  in  the  wide  debouchure  of  the  principal  drainage 
channel  into  Pierre's  Basin,  to  the  north  of  which  the  hills  gradually 
rise  into  the  high  volcanic  bench  which  reaches  high  up  on  and  sweeps 
around  the  northern  terminus  of  the  range.    From  the  nature  of  the 
basin  deposits,  which  readily  yield  to  the  denuding  agencies  which  have 
molded  the  surface  into  its  present  configuration,  it  is  difficult  to  gain  a 
clear  knowledge  of  their  stratigraphy,  only  the  firmer  lectges  protruding 
above  the  surface  in  such  favored  localities  where  they  have  escaped 
being  buried  beneath  the  detrital  material  derived  from  the  demolition 
of  the  softer  beds.    But  in  their  lithological  appearance  they  share  so 
marked  resemblance  with  horizons  in  the  Caribou  Range  west  of  the 
lower  valley  of  the  Snake  as  to  almost  preclude  a  vestige  of  doubt  as  to 
their  identity  with  the  extensively-developed  Laramie  deposits  of  the 
latter  region.    The  east  hog-back  ridge  to  the  south  is  blended  with  the 
eastern  spur  of  Station  XLII  ridge,  on  the  volcanic  tipped  foot  of  which 
Station  XLI  was  located.    In  the  latter  spur  the  steeply-inclined  Juris- 
sic  strata  are  continued  southeasterly,  finally  running  out  in  the  bonier 
of  Pierre's  Basin,  where  they  have  been  eroded  and  covered  with  modern 
accumulations.    The  relations  of  the  folds  and  disturbances  here  met 
with,  with  similar  manifestations  occurring  in  other  parts  of  the  range 
to  the  southeast,  will  be  briefly  discussed  at  the  close  of  this  chapter. 

TETON  PASS  MOUNTAINS. 

Without  attempting  here  to  define  the  limits  of  the  so-called  T<Ston  Pass 
Mountains,  for  our  present  purpose  it  answers  merely  to  state  that  that 
portion  of  the  mountain  region  south  of  the  Low  Pass  which  fell  under 
our  examination  comprises  a  narrow  strip  skirting  the  head  or  southern 
end  of  Pierre's  Basin,  extending  thence  southeasterly  to  the  foot  of 
Jackson's  Basin  on  the  Upper  Snake.  The  southern  end  of  the  Teton 
ltange  is  terminated  in  a  pair  of  lofty  peaks  which  overlook  almost  the 
entire  extent  of  the  mountainous  highlands  which  fill  the  great  south- 
ern bend  of  the  Snake  River  south  of  the  Low  Pass  Gap,  and  which  is 
dominated  by  Mount  Baird.  Along  the  western  border  of  the  mount- 
ains the  rugged  barrier  here  and  there  rises  into  comparatively  promi- 
nent peaks,  conspicuous  among  which  are  Promontory  Peak,  and  the 
corresponding  height  to  the  north,  which  together  form  the  portal 
through  which  the  drainage  of  the  Low  Pass  Basin  makes  its  exit  into 
the  lower  valley  of  the  Snake.  This  low  mountain  ridge  is  separated 
from  the  Teton  liange  by  the  depression  through  which  lies  the  Teton 
Pass,  the  summit  of  which  attains  an  elevation  of  some  2,300  feet  above 
the  basin-plains  at  either  entrance  to  the  pass,  or  an  actual  altitude  of 
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13.  Greenish  gray  soft  sandstone,  alternating  with  rusty  red  shales 
and  brown-stained  gray  sandstone. 

14.  Gray  and  reddish-buff  sandstone,  interbedded  with  dark  choco- 
late-colored and  reddish  indurated  shales,  with  ferruginous  nodules  and 
drab,  chocolate-stained  limestone  layers.  The  lower  exposed  portion  of 
the  deposit  consists  of  a  hard,  laminated,  reddish-gray  sandstone  asso- 
ciated with  a  dark  brownish  red  conglomerate,  dipping  55°,  W. 

15.  Drab  limestone,  in  heavy  and  thin-bedded  layers,  dipping  45°  to 
65°,  S.  50°  to  70°  W.  This  limestone  forms  a  heavy  deposit,  resting 
upon  the  last  described  sandstone,  appearing  in  the  summit  of  the  east 
spur  of  Station  XLII  ridge  and  lieavily  flagging  the  slope  descending 
to  the  saddle  which  connects  the  spur  with  the  above  mountain  ridge. 
Certain  layers  of  the  limestone  contain  numerous  individuals  of  a  small 
undetermined  Gasteropod,  which  was  the  only  fossil  observed. 

10.  Brown,  gray,  and  pink  sandstone,  with  joint  structure ;  forms  a 
heavy  bed  in  the  east  side  of  the  saddle,  dipping  towards  the  mountain, 
or  W.  IIP  S.,  at  an  angle  of  47° 

17.  Variegated  blue  and  chocolate-colored  arenaceous  shales,  occupy- 
ing the  depression  in  the  saddle,  one  and  a  half  miles  east  of  Station 
XLU. 

18.  Heavy-bedded  drab  limestone.  In  climbing  from  the  above-men- 
tioned saddle  to  the  west  of  the  southeast  continuation  of  Station  XLII 
ridge,  the  above  limestone  appears  in  heavy  ledges  mailing  the  steep 
northeast  face  of  the  mountain,  where  the  ledges  appear  to  incline  to 
the  eastward  at  an  angle  of  65°.  Higher  in  the  slope  at  tbis  point  the 
surface  is  strewn  with  the  fine  angular  d6lms  of  reddish-gray  very  hard 
siliceous  deposits,  or  brittle  quartzitic  sandstone,  apparently  forming  a 

Jieavy  ledge,  the  relation  of  which  to  the  limestone  was  not  satisfac- 
torily shown.    But  in  passing  up  the  ridge  towards  its  culminating 
3X)int,  the  crest  of  the  mountain  was  found  to  be  capped  by  a  heavy 
^deposit  of  darkish  and  light-drab,  spar-seamed,  cherty  limestone,  some- 
times brecciated,  which  afforded  a  few  characteristic  Carboniferous  corals 
^Zaphrentis  and  Lithostrotion),  overlaid  by  alternations  of  heavy  buff- 
~X>ink  siliceous  beds  and  thinner  limestone  layers,  all  dipping  S.  30°  W. 
at  angles  of  35°  to  45°.    The  latter  beds  are  indicated  in  the  section- 
diagram  under  Kos.  10  and  20. 

The  main  ridge  wldch  culminates  in  Station  XLII,  thus  forms  a 
monoclinal  crest  extending  three  or  more  miles  in  a  general  northwest 
and  southeast  direction.  Under  the  summit  the  northeast  face  presents 
exceedingly  steep  slopes  descending  into  amphitheatres,  whose  beds  are 
choked  with  debris  accumulations  and  furrowed  by  the  drainage  ravines 
which  descend  into  the  basin  area.  In  this  northeast  wall  a  thickness 
of  400  feet  or  more  of  the  Carboniferous  limestone  is  exposed  before 
the  slope  merges  iuto  the  steep  talus  at  its  foot,  which  effectually 
conceals  the  inferior  deposits.  On  the  opposite  hand,  the  ridge  more 
gently  slopes  into  a  parallel  depression,  over  the  before-mentioned  sili- 
ceous deposits,  which  latter,  doubtless,  are  as  fully  developed  at  this 
locality  as  they  were  found  in  the  ridges  north  of  Station  XL.  In  the 
opposite  acclivity  the  "red  beds"  appear  in  equal  force,  broad  patches 
of  the  brilliant  color  contrasting  with  the  rich  green  herbaceous  growth 
which  here  as  elsewhere  flourishes  in  the  soil  based  upon  these  deposits. 
The  latter  are  succeeded  by  the  drab  beds  of  the  Jurassic,  which  rise  up 
into  the  crest  of  a  higher  mountain  a  couple  of  miles  south  of  Station 
XTJT,  where  they  are  capped  by  a  heavy  rusty  ledge  which  may  be 
traced  several  miles  to  the  northwest  descending  into  the  deep  valley  at 
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the  head  of  Cailon  Creek,  in  the  farther  side  of  which  it  is  continued 
until  lost  to  view  in  the  forest-covered  slopes.  The  latter  ledge  may 
be  identical  with  the  conglomerate  shown  in  the  section  through  Station 
XL,  of  which,  indeed,  the  present  mountain  ridge  is  the  northwesterly 
prolongation.  To  the  southwest  lies  an  equal  breadth  of  hill  country 
intervening  between  the  crest  of  the  range  and  the  lower  valley  of  the 
Snake,  the  exploration  of  which  was,  for  the  lack  of  time,  prevented. 

Station  XLII  commands  a  view  of  the  entire  extent  of  the  little  basin 
to  the  north  and  east,  and  which  is  principally  drained  by  the  sources 
of  Packsaddle  Creek.    Its  undulating  surface  shows  obscure  exposures  of 
the  peculiar  gray  sandstones  enumerated  in  the  foregoing  section,  which 
apparently  compose  the  bulk  of  the  strata  out  of  which  the  basin  has 
been  excavated.    The  ridge  along  its  eastern  border,  in  which  the  hog- 
back ledges  of  Jurassic  limestone  and  sandstone  appear,  is  broken 
down  to  the  northeast  in  the  wide  debouchure  of  the  principal  drainage 
channel  into  Pierre's  Basin,  to  the  north  of  which  the  hills  gradually 
rise  into  the  high  volcanic  bench  which  reaches  high  up  on  and  sweeps 
around  the  northern  terminus  of  the  range.    From  the  nature  of  the 
basin  deposits,  which  readily  yield  to  the  denuding  agencies  which  have 
molded  the  surface  into  its  present  configuration,  it  is  difficult  to  gain  a 
clear  knowledge  of  their  stratigraphy,  only  the  firmer  leuges  protruding 
above  the  surface  in  such  favored  localities  where  they  have  escaped 
being  buried  beneath  the  detritai  material  derived  from  the  demolition 
of  the  softer  beds.    But  in  their  lithological  appearance  they  share  so 
marked  resemblance  with  hoiizons  in  the  Caribou  Range  west  of  the 
lower  valley  of  the  Snake  as  to  almost  preclude  a  vestige  of  doubt  as  to 
their  identity  with  the  extensively-developed  Laramie  deposits  of  the 
latter  region.    The  east  hog-back  ridge  to  the  south  is  blended  with  the 
eastern  spur  of  Station  XLII  ridge,  on  the  volcanic  tipped  foot  of  which 
Station  XLI  was  located.    In  the  latter  spur  the  steeply-inclined  Juras- 
sic strata  are  continued  southeasterly,  finally  running  out  in  the  border 
of  Pierre's  Basin,  where  they  have  been  eroded  and  covered  with  modern 
accumulations.    The  relations  of  the  folds  and  disturbances  here  met 
with,  with  similar  manifestations  occurring  in  other  parts  of  the  range 
to  the  southeast,  will  be  briefly  discussed  at  the  close  of  this  chapter. 

TIPTON  PASS  MOUNTAINS. 

Without  attempting  here  to  define  the  limits  of  the  so-called  T£ton  Pass 
Mountains,  for  our  present  purpose  it  answers  merely  to  state  that  that 
portion  of  the  mountain  region  south  of  the  Low  Pass  which  fell  under 
our  examination  comprises  a  narrow  strip  skirting  the  head  or  southern 
end  of  Pierre's  Basin,  extending  thence  southeasterly  to  the  foot  of 
Jackson's  Basin  on  the  Upper  Snake.  The  southern  end  of  the  Ttfton 
Range  is  terminated  in  a  pair  of  lofty  peaks  which  overlook  almost  the 
entire  extent  of  the  mountainous  highlands  which  fill  the  great  south- 
ern bend  of  the  Snake  River  south  of  the  Low  Pass  Gap,  and  which  is 
dominated  by  Mount  Baird.  Along  the  western  border  of  the  mount- 
ains the  rugged  barrier  here  and  there  rises  into  comparatively  promi- 
nent peaks,  conspicuous  among  which  are  Promontory  Peak,  and  the 
corresponding  height  to  the  north,  which  together  form  the  portal 
through  which  the  drainage  of  the  Low  Pass  Basin  makes  its  exit  into 
the  lower  valley  of  the  Snake.  This  low  mountain  ridge  is  separated 
from  the  Teton  Range  by  the  depression  through  which  lies  the  Teton 
Pass,  the  summit  of  which  attains  an  elevation  of  some  2,300  feet  above 
the  basin-plains  at  either  entrance  to  the  pass,  or  an  actual  altitude  of 
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8,530  feet.  The  immediately  neighboring  ridges  attain  altitudes  less 
than  a  thousand  feet  higher,  sinking  away  in  opposite  directions  to  the 
northwest  and  southeast,  where  they  are  crowned  with  innumerable 
peaks  7.000  to  9,000  feet  elevation  above  the  sea.  This  region  is  very 
generally  clothed  with  coniferous  forests;  the  northern  slopes  especially 
are  often  densely  wooded  with  beautiful  growths  of  slender-tipped  spruce 
and  pine,  the  presence  of  which  ottered  serious  obstacles  in  the  way  of 
tracing  out  the  geological  structure  in  distant  parte  of  the  range  beyond 
our  reach. 

The  Teton  Pass  hills,  as  seen  from,  the  plain  in  passing  along  the 
southwest  border  of  Pierre's  Basin,  present  a  succession  of  ridges  grad- 
ually diminishing  in  height  as  they  approach  the  Low  Pass  sag,  their 
northerly  face  falling  abruptly  over  the  edges  of  the  upraised  strata, 
which  in  like  manner  determine  the  gentler  slope  of  their  opposite  de- 
clivities. In  connection  with  the  Pierre  Mountains,  mention  was  made 
of  the  occurrence  of  a  heavy  ledge  of  conglomerate  overlying  the  drab 
shaly  horizon  of  the  Jurassic,  the  relative  position  of  which  is  further 
shown  in  the  section  B,  bed  No.  37.  The  strike  of  the  strata  maintains 
this  ledge  in  the  crest  of  the  southeast  continuation  of  Station  XL  ridge, 
where  it  is  lost  in  the  debouchure  of  Low  Pass  Creek ;  but  to  the  south- 
east it  reappears  in  one  of  the  low  ridges  above  referred  to,  where  it  is 
observed  dipping  southwestward,  overlaid  by  drab  limestone  and  hard 
sandstone,  offering  the  same  succession  of  deposits  which  compose  the 
uppermost  series  in  the  section  through  Station  XL  in  the  Pierre's 
Mountains.  These  deposits  rise  in  the  crests  of  the  ridges  to  the  south- 
east, in  which  direction  the  strike  of  the  strata  cany  them  farther  and 
farther  into  the  mountains,  so  that,  as  wre  approach  Teton  Pass,  the  foot- 
hill ridges  reveal  successively  older  deposits,  until,  at  the  head  of  the 
basin,  the  upper  measures  of  the  Carboniferous  appear  in  the  foot  of  the 
spur  which  afforded  access  to  Station  XXXIX — a  low  mountain  sum- 
mit commanding  a  comprehensive  view  of  the  beautiful  plain  of  Pierre's 
Basin,  bordered  on  the  one  hand  by  the  great  foreland  slopes  of  the 
Teton  Kange,  and  on  the  other  by  the  comparatively  low  but  more  broken 
foot-hills  of  the  Pierre's  and  Teton  Pass  Mountains. 

The  vicinity  of  Station  XXXIX  afforded  instructive  geological  study, 
showing  the  intimate  relations  in  the  strati gmphy  and  dynamics  which 
exist  in  common  between  this  mountain  group  and  that  brietly  noticed 
in  the  preeeding  pages.   The  summit  of  the  mountain  is  capped  by  a  heavy 
ledge  of  rather  hard,  even-bedded,  pale  brick-red  sandstone,  dipping 
40°,  W.  10°  S.    The  rock  is  complicated  by  joint  structure  which  might 
easily  be  mistaken  for  the  bedding  but  for  the  lamination,  obscure  traces 
of  which  the  rock  sometimes  retains.    The  deceptive  joint  or  cleavage 
planes  incline  north  at  an  angle  of  40°.    The  only  vestiges  of  organic 
remains  contained  in  the  rock  are  small  alga>-like  markings  preserved  in 
a  variety  of  curious  shapes  weathered  in  relief  on  the  exposed  surfaces 
of  the  slabs.    The  rock  is  also  perforated  by  slender  tubes  and  cavi- 
ties wliich  may  have  connection  with  original  organic  nuclei.    To  the 
feontheastward,  just  beyond  an  intervening,  deep,  densely  wooded  gulch. 
the  same  ledge  is  traced  in  the  crest  of  a  corresponding  ridge,  the  south 
slope  of  wliich  is  covered  with  the  rusty  dtbrht.    On  the  south  slope  of 
Station  XXXIX  a  considerable  deposit  of  dark  drab,  spar-seained,  frag- 
mentary limestone,  with  associated  shaly  beds,  occurs,  which  doubtless 
overlies  the  above-mentioned  sandstone ;  it  contains  a  few  poorly  pre- 
served fossils,  small  crinoidal  discs,  the  'flat  valve  of  an  Arteulopcctcnt 
a  small  lamellibranch  resembling  Myacitcs,  and  a  little  gibbous  gastero- 
poda    Although  none  of  these  forms  are  positively  identifiable  with 
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known  species,  they  show  strong  resemblance  to  forms  which  occur  else- 
where in  well-determinecl  Jurassic  horizons.    In  the  wooded  slopes  to 
the  south  and  southwest  of  the  station,  belts  of  variegated  pale  red  and 
drab  deposits  are  exposed  in  the  secondary  spurs  descending  from  the 
main  ridges,  the  strata clipping  off  to  the  southeastward  as  far  as  could  be 
traced.    The  north  spur  descending  to  the  plain  exhibits  successively 
lower  deposits,  which,  although  it  wras  impossible  to  ascertain  their 
thickness  even  approximately,  occur  in  the  following  order:  Immedi- 
ately beneath  the  summit  sandstone  the  north  and  northeast  slope  o 
the  station  passes  over  a  heavy  deposit  of  deep  red  arenaceous  shales 
and  thin  layers  of  red  sandstone  which  descend  into  the  saddle  connect- 
ing this  point  with  a  lower  nipple ;  the  edges  of  these  red  beds  ant\ 
overlying  sandstone  are  also  exposed  in  the  northeast  slopes  of  the  next 
west  spur.    In  the  crest  of  the  nipple  north  of  the  station,  shaly  buff- 
gray  sandstone,  overlaid  by  gray  limestone,  is  seen,  and  thence  to  the 
northward  successive  ledges  of  very  hard  reddish  buff  siliceous  or  sand- 
stone beds  appear,  interbedded  with  drab  and  dark  gray  limestones  and 
red  arenaceous  indurated  shales,  dipping  southwesterly  at  an  angle  of 
20°  to  30°,  the  hard  ledges  forming  low  crests  along  the  gradually  de- 
clining spur.    Near  the  foot  of  the  ridge,  and  perhaps  two  and  a  half 
miles  north  of  the  station,  a  heavy  ledge  of  darkish  drab  cherty  lime- 
stone appears,  rising  obliquely  to  the  general  direction  of  the  spur,  and 
dipping  W.  5°  S.  at  an  angle  of  20°.    This  ledge  afforded  a  few  speci- 
mens of  Zaphrentis  and  crinoidal  remains,  identifying  it  with  the  Carbon- 
iferous.   It  will  hence  appear  that  the  overlying  siliceous  beds,  sand- 
stones, and  interbedded  red  shales  and  limestones  offer  the  same  strati- 
graphic  series  as  that  noticed  in  the  Pierre's  Mountains,  north  of  Station 
XL  and  south  of  Station  XL!  I. 

It  remains  brieily  to  notice  a  remarkable  but,  unfortunately,  obscure 
exposure  occurring  in  the  southeasterly  slope  of  Station  XXXIX.    This 
shows  a  limited  exposure  apparently  belonging  to  a  heavy  ledge  of  gray 
limestone  which  stands  nearly  vertical,  the  top  of  the  ledge  bending 
suddenly  over  to  the  southward,  and  otherwise  showing  what  api>cars 
to  be  the  result,  of  great  disturbance.    The  apparent  planes  of  bedding 
show  a  strike  E.  23°  to  ttP  S.  and  \V.  25°  to  3<P  X.,  the  planes  steeply 
dipping  north  waul  or  nearly  vert  ical.     In  the  absence  of  other  exposures 
in  the  immediate  vicinity  affording  the  least  corroborative  evidence  of 
the  existence  of  so  sharp  a  fold  in  the  strata  at  this  point,  renewed  search 
was  made  to  discover  whether  or  no  the  apparent  bedding  of  the  lime- 
stone was  to  be  attributable  to  deceptive  cleavage,  as  remarked  in  con- 
nection with  the  sandstone  ledge  iu  the  near  summit  of  the  station,  with 
which  the  strike  of  the  limestone  certainly  shows  marked  coincidence,  but 
without  more  definite  results.    It  is  by  no  means  of  infrequent  observation 
in  tins  region  to  lind  the  heavier  limestone  deposits  of  both  the  Carbonif- 
erous and  Jurassic  so  changed  and  fractured  by  cleavage  as  to  totally 
obscure  the  true  bedding  of  the  ledges,  which  in  many  instances  is  only 
determinable  by  noting  the  relation  to  associated  strata  which  clenrly 
retain  the  original  planes  of  deposition.    tttit  examining  the  country  to 
the  eastward  of  Station  XX  XIX,  in  the  belt  of  low  hills  intervening  be- 
tween this  point  and  Teton  Pass  there  occur  in  the  crests  of  one  or  two 
spur  ridges  the  edges  of  southwest-facing  ledges  which  apparently  dip 
in  the  opposite  direction,  indicating  a  fold  the  axis  of  which  cannot  be 
far  removed  from  the  ridge  of  which  Station  XXXIX  forms  one  of  the 
western  culminating  points. 

The  occurrence*  of  the  "red  beds''  and  Jurassic  limestone  in  the  lower 
portion  of  the  valley  of  West  Teton  Pass  Creek  has  already  been  alluded 
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to  in  connection  with  the  notice  of  the  sonthem  extremity  of  the  T6ton 
Range.  These  deposits  doubtless  here  recline  on  the  flank  of  the  great 
range,  dipping  southerly  conformably  with  the  Carboniferous  deposits 
which  rise  up  into  the  high  dominating  peaks  at  this  end  of  the  range. 
As  there  mentioned,  the  volcanics  fringe  the  foot-hills  well  uj>  into  the 
little  valley,  on  the  southwest  side  of  which,  however,  they  were  not  rec- 
ognized. It  was  a  notable  fact  that  the  foot-hills  of  the  S6ton  Pass  and 
Pierre's  Mountains  below  Station  XXXIX  were  quite  denuded  of  the 
latter  class  of  rocks,  which  on  that  side  of  Pierre's  Basin  do  not  reappear 
until  we  have  passed  to  the  north  of  Spring  Point,  where  they  again  exhibit 
characteristic  upraised  benches  resting  on  the  border  foot-hills.  Passing 
up  T6ton  Pass  the  way  gradually  penetrates  alike  deeper  into  the  range 
and  lower  in  the  geologic  series,  so  that,  at  a  point  two  to  four  miles 
from  the  summit  of  the  pass  the  Carboniferous  ledges  heavily  plate  the 
immediate  mountain  slope.  There  the  diminished  brook  again  turns 
southeast  and  soon  passes  into  the  horizon  of  the  "red  beds,"  which 
continue  to  the  high  saddle  next  west  of  the  summit,  where  they  display 
characteristic  exposures  of  deep  red  sandstone  and  arenaceous  softer 
beds,  dipping  southward  at  an  angle  of  45°.  From  the  latter  point  the 
trail  again  passes  north  of  the  trend  of  the  "red  l>eds,"  the  way  passing 
over  st#ep  slopes  buried  beneath  vast  accumulations  of  intensely  hard, 
fragmentary,  buff,  and  reddish  silicious  rock,  which  was  found  to  be 
heavily  developed  and  composing  a  zone  of  low  elevations  immediately 
south  of  the  summit.  The  relative  position  of  the  latter  silicious  horizon 
is  well  discerned  from  the  mountain  which  rises  immediately  north  of  the 
pass,  Station  XLIII. 

From  the  latter  mountain  summit  the  view  embraces  the  whole  coun- 
try, sweeping  round  from  the  east,  south,  into  the  west,  and  commanding 
nearly  the  whole  of  the  highland  region  crowded  into  the  great  southern 
bend  of  the  Snake  River.    In  the  immediate  neighborhood  of  the  Teton 
Pass  the  silicious  deposits  of  the  upper  measures  of  the  Carboniferous 
form  a  belt  of  low  hills,  in  whose  steep  declivities  bands  of  the  included 
red,  gritty  shales  simulate  the  "ml  beds7'  of  the  Trias,  only  much  less 
considerable  in  vertical  extent.    But  just  beyond,  in  the  slopes  descend- 
ing from  higher  ridges,  appear  here  and  there  extensive  open  tracts  whose 
cover  of  luxuriant  herbage  we  had  come  to  associate  with  the  presence 
of  peculiar  geological  deposits;  and  we  have  the  confirmation  of  the 
supposition  in  numerous  slides  in  the  stee]>cr  slopes,  which  reveal  ex- 
tensive exposures  of  the  Triassic  "  red  beds."-    These  deposits  are  easily 
traced  in  a  wide  belt  having  a  general  west-northwest  and  east-southeast 
trend,  in  the  former  direction  passing  down  into  the  lower  course  of  West 
Teton  Pass  Valley,  and  in  the  latter  extending  into  the  foot-hills  south 
of  East  Pass  Creek,  where  they  are  hidden  from  sight  by  the  forests 
which  very  generally  cover  the  hills  in  that  quarter.    Still  beyond,  south- 
west, the  ridges  show  quite  extensive*  exposures  of  buif  and  grayish 
deposits,  to  the  southwest  of  which  another  belt  of  "  red  beds"  intervenes 
between  the  last  and  the  immense  accumulation  of  light-drab  strata 
dimly  seen  in  the  escarpments  of  the  prominent  mountain  heights  which 
xise  immediately  from  the  eastern  border  of  the  lower  valley  of  the  Su;ike. 
This  is,  in  brief,  what  appears  from  the  commanding  summits  north  of 
the  pass.    The  distance  is  too  great,  to  say  nothing  of  the  great  extent 
of  surface  clothed  in  forests  and  other  growths  in  which  the  subjacent 
Strata  are  concealed  from  view  to  render  it  possible  to  gain  more  than 
the  barest  general  outlines  of  the  distribution  of  the  geological  forma- 
tions, not  even  the  inclination  of  the  strata  being  satisfactorily  revealed 
in  the  middle  and  more  distant  ridges  j  while,  of  course,  all  stratigraphie 
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details  are  effectually  obliterated.  Hence,  it  is  with  a  degree  of  hesi- 
tancy that  the  belt  of  buff-colored  deposits  is  identified  with  the  Lara- 
mie formation,  and  the  more  distant  red-colored  strata  with  the  Triassic 
"  red  beds,"  or  the  variegated  red  shales  overlying  the  former  deposits. 
But  the  drab  beds  in  Promontory  Peak  and  corresponding  heights  along 
the  lower  valley  of  Snake  River  may  with  greater  confidence  be  referred 
to  the  Carboniferous,  the  latter  deposits  having  been  observed  in  that 
quarter  by  Professor  Bradley  in  1872. 

A  brief  review  of  the  facts  and  their  bearings  elicited  by  the  exam- 
inations in  the  northern  portion  of  the  range,  will,  it  is  hoped,  convey 
something  like  an  adequate  knowledge  of  the  identity  of  the  geologic 
history  of  at  least  the  northeastern  if  not  the  whole  of  this  mountain 
region. 

In  the  extreme  northeast,  a  limited  area  of  Jurassic  and,  perhaps, 
Laramie  deposits  occupies  the  northeast  flank  of  the  Pierre-s  Mountains, 
where  tbe  strata  have  been  involved  in  extraordinary  disturbances,  which 
have  indeed  tilted  the  Jurassic  beds  into  nearly  vertical  position  in  the 
immediate  vicinity  of  the  present  eastern  border  of  the  range,  and  it 
seems  probable  that  a  complete  overturn  of  the  beds  at  this  point  was 
effected.  The  narrow  belt  of  extreme  disturbance  soon  passes  beyond 
the  limits  ofthe  range  to  the  southeastward,  where,  in  Spring  Point,  the 
Carboniferous  deposits  jut  out  into  the  edge  of  the  basin.  The  western 
border  of  the  disturbed  Mesozoic  area,  as  we  have  already  seen,  is  defined 
by  the  high  barrier  ridge  of  Carboniferous  strata,  which  may  in  places 
retain  the  condition  of  a  fold  with  steep  easterly  pitch,  but  which  at 
other  points  seem  to  have  been  faulted  with  downthrow  in  the  same 
direction. 

At  Station  XLII  the  erosive  agencies  have  reduced  this  ridge  to  the 
condition  of  a  monoclinal,  but  in  the  immediate  vicinity  evidence  exists 
which  strongly  goes  to  show  that  the  uplift  began  either  as  an  anticlinal 
fold,  or  in  the  severance  of  the  strata,  the  edges  ofthe  upraised  portion 
dragged,  producing  the  appearances  above  referred  to  in  comparing 
the  ridge  to  a  faulted  anticlinal  ibid.     The  downthrow  of  the  fault  has 
brought  the  Jurassic  or  Post -Jurassic  beds  down  to  the  level  of  the 
Carboniferous  limestones,  against  which  they  apparently  impinge,  dip- 
ping in  the  same  direction  as  the  monoclinal  portion  of  the  latter  deposits* 
though  at  a  steeper  angle,  southwesterly.    The  appearances  here  nllndcci- 
to  are  indicated  in  the  section  through  Station  XLII.     With  the  time  at^: 
our  disposal  it  'was  dillicult  to  work  out  the  details  of  the  disturbance^ 
the  Mesozoic  deposits  have  undergone  in  this  northeastern  area.     Thc^3 
two  dominant   ridges,  as  determined   by  the  fossil  contents  of  thcuKZ 
respective  limestones,  are  apparently  made  up  of  strati  graphically  widely—^ 
separated  deposits.     The  considerable  space  intervening  and  represent-  -^ 
ing  a  vertical  extent  of  probably  near  8,01)0  feet,  is  filled  with  arenaceous-^ 
deposits  which  certainly  bear  strong  resemblance  to  Post-Jurassic  ol^  * 
Laramie  deposits,  and  so  also  in  regard  to  the  soft  sandstoues  in  the  out-  ~3 
lying  Hank,  where  they  appear  to  form  a  low  fold,  on  the  one  hand  in—  -• 
dining  northeastward  and  on  the  other  dipping  in  the  direction  of  the*-* 
sharp  outer  ridge,  whose  crest  is  composed  of  steeply  tilted  Jurassic  beds.—  ^ 
From  such  evidence*  it  seems  perfectly  natural  to  attribute  the  apj>ear — " 
anees  here  met  with  to  violent  disturbance's  which  resulted  in  ouc  or-"-* 
more  sharp  folds,  and  perhaps  accompanied  by  faulting,  of  which  the  ^- 
area  of  their  exhibition  as  seen  to-day  is  but  a  remnant  of  a  wide  and     - 
much  involved  belt  in  the  region  now  occupied  by  the  plain  of  Pierre's 
Basin. 

The  faulted  or  monoclinal  ridge  of  Station  XLII  inirsues  a  course 
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southeasterly,  but  much  wasted  by  the  erosion  of  the  upper  tributaries 
of  Horse  Creek,  and  finally  reaches  the  edge  of  the  basin  in  Spring 
Point.  This  southeastern  portion  of  the  ridge  apparently  occupies  a 
relatively  much  broader  area  than  do  the  same  deposits  in  the  vicinity 
of  Station  XLII.  This  may  possibly  be  due  to  one  of  two  causes,  or 
both,  namely,  variation  in  the  trend  of  the  strata,  or  a  series  of  minor 
undulations  and  fractures  superadded  to  the  primary  fold,  by  which  the 
same  horizons  are  made  to  appear  at  corresponding  levels  over  a  consid- 
able  surface  transverse  to  the  trend  of  the  main  uplift. 

South  of  Spring  Point  the  Jurassic  deposits  are  seen  in  the  foot-hills 
or  spurs  all  along  the  edge  of  the  basin  to  a  point  beyond  Low  Pass 
Creek,  where  they^  together  with  the  "red beds,"  gradually  pass  inland, 
so  that  the  Carboniferous  ledges  again  appear  from  beneath  the  Mesozoics, 
lapping  up  on  the  lower  spur-ridges  in  the  vicinity  of  Station  XXXIX. 
The  latter  belt  of  Carboniferous  doubtless  belongs  to  the  Station  XLII 
uplift,  the  axis  of  which  probably  lies  a  little  east  of  Station  XXXIX, 
in  which  quarter^  as  previously  remarked,  there  are  indications  of  a 
synclinal  depression  occupying  the  narrow  belt  intervening  between 
the  latter  point  and  the  southwest  base  of  the  Teton  Kange,  in  the 
farther  side  of  which  West  T6ton  Pass  Creek  has  excavated  its  valley. 
There  is  one  other  feature  observed  in  the  immediate  vicinity  of  Station 
XXXIX  in  the  apparent  sharp  folding  of  the  strata  with  abrupt  north- 
erly pitch,  which  offers  additional  striking  resemblance  to  the  conditions 
observed  in  Station  XLII  ridge,  and  together  with  the  corresponding 
trend  of  the  strata,  it  seems  hardly  possible  to  doubt  the  identity  of  the 
uplift  at  these  distant  points,  and  its  extension  southeastward  to  the 
border  of  the  valley  of  the  Upper  Snake. 

Of  the  large  area  to  the  south  we  possess  far  too  meager  information 
to  warrant  more  than  reference  to  the  salient  features  of  its  apparent 
geological  structure.  From  the  observations  of  Professor  Bradley,  who, 
in  1872,  traversed  the  Grand  Canon  of  the  Snake,  and  thus  had  oppor- 
tunity to  study  the  strata  appearing  along  this  magnificent  natural  sec- 
tion, it  appears  that  the  greater  portion  of  the  canon  is  walled  by  Car- 
boniferous deposits.  These  deposits  are  described  by  Professor  Brad- 
ley as  being  mainly  composed  above  of  a  thickness  of  several  hundred 
feet  of  limestones,  gradually  passing  from  missive  into  overlying  shaly 
beds,  the  lower  deposits  consisting  of  sandstones  and  shales,  including 
heavy  beds  of  limestone,  which  together  reach  a  thickness  of  2,000  feet 
or  more.  The  upper  entrance  to  the  canon  shows  a  heavy  series  of 
laminated  red  sandstones,  from  beneath  which  appears  a  thickness  of 
several  hundred  feet  of  heavy-bedded  and  shaly  gray  and  greenish  sand- 
stones, interbedded  with  calcareous  shales,  and  containing  indeterminate 
vegetable  remains.  The  latter  deposits  extend  into  the  canon  some  dis- 
tance beyond  the  mouth  of  lloback's  Biver,  where  they  are  thrown  up 
in  a  sharp  anticlinal  fold  with  steep  inclination,  05°  to  70°,  about  cast- 
northeast,  dipping  at  an  angle  of  about  40°  in  the  opposite  side  of  the 
fold.  The  axis  of  this  uplift  shows  a  narrow  fold  of  limestone,  overlaid 
l>y  a  heavy  mass  of  sandstones  and  cherty  beds,  inclnding  near  the  base 
two  or  three  heavy  beds  of  black  calcareous  shale  and  friable  clay,  con- 
taining what  appear  to  be  amphibian  remains.  To  the  northeast,  be- 
tween the  latter  fold  and  the  upper  entrance  to  the  Grand  Canon,  the 
above-mentioned  sandstones  are  thrown  into  two  parallel  but  much 
lower  anticlinals,  having  the  same  general  trend,  or  west  of  north  and 
east  of  south,  with  steeper  dips  on  the  cast.  Below  the  great  fold  above 
mentioned,  in  descending  the  canon,  Professor  Bradley  refers  to  three 
other  sharp  anticlinals  which  are  closely  crowded,  and  showing  exceed- 
ingly steep  dips,  in  some  instances  amounting  to  83°,  am>m\ras£&&\ss 
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other  manifestations  apparently  of  more  or  less  local  character,  as  the 
change  in  the  strike  from  the  general  northwest  and  southeast  direction 
to  courses  east-west  and  north-south.  Beyond  this  point  the  Carbon- 
iferous deposits  are  boldly  upraised,  and  thence  to  the  debouchure  of  the 
cafion,  a  distance  of  some  ten  miles,  they  constitute  the  mass  of  the 
cafion-walls. 

The  above  recapitulation  of  the  Grand  Canon  section  has  been  intro- 
duced to  facilitate  the  comparison  of  the  interesting  region  it  traverses 
with  the  region  visited  along  the  northeastern  flank  of  the  same  range 
of  mountains.  It  will  be  observed  that  Professor  Bradley  notices  a 
heavy  series  of  sandstones  and  siliceous  deposits  making  up  the  lower 
half  and  more  of  the  Carboniferous  series  in  this  quarter,  where  the 
upper  deposits  are  almost  entirely  composed  of  limestones.  This  shows 
a  striking  change  in  the  character  of  the  earlier  sediments  of  the  Car- 
boniferous period  in  this  quarter,  especially  as  compared  with  what  ob- 
tains in  the  T6ton  Range,  where  the  lower  beds  are  mainly  calcareous. 
It  is  possible  that  the  section  in  the  Grand  Canon  does  not  retain  the 
uppennost  deposits,  which,  as  we  have  already  seen  in  the  region  of  the 
Pierre's  Mountains,  are  usually  made  up  of  alternations  of  heavy  beds 
of  hard  sandstone  and  limestone  layers.  The  great  breadth  over  which 
the  Carboniferous  beds  outcrop  in  the  Grand  Cauon  also  oilers  some- 
thing strongly  in  contrast  with  their  apparent  limited  occurrence  in  the 
barrier  ridge  along  the  lower  valley  of  the  Snake  in  the  northwest  con- 
tinuation of  the  same  range.  But  this  state  of  things  may  meet  with 
satisfactory  explanation  in  the  fact  that,  in  the  process  of  excavation  of 
the  lower  valley,  a  vast  mass  of  their  strata  has  been  removed,  the  valley 
gradually  widening  and  encroaching  more  and  more  on  the  Carboniferous 
belt  in  its  progress  to  the  northwest,  in  which  latter  quarter  it  has  left 
a  narrow  remnant-strip  on  the  southwest  side  of  the  valley,  while  above 
the  entire  area  of  the  belt  is  confined  to  the  Snake  River  liange  where, 
in  the  vicinity  of  the  Grand  Canon,  it  maintains  its  original  breadth. 
The  Carboniferous  axis  in  the  eastern  ilank  of  this  range  is  not  recog- 
nizable in  the  canon  section,  which,  if  it  extended  so  far  to  the  south- 
east, probably  gained  the  upi>er  valley  of  the  Snake  above  the  Grand 
Canon.  It  is  much  more  diilicult  to  correlate  the  red  sandstones  and  the 
gray  and  green  sandstones  which  compose  the  rocks  for  the  first  few 
miles  on  entering  the  canon  from  above.  Professor  Bradley's  descrip- 
tion of  the  lower  gray  and  green  sandstones  and  calcareous  shales  an- 
swers well  the  appearance  of  a  heavy  series  of  strata  which  occupies  the 
little  basin  area  at  the  northeast  extremity  of  the  Pierre's  Mountains, 
where  very  similar  beds  are  associated  with  Jurassic  deposits,  but  so 
inextricably  confused  as  to  involve  their  relations  to  the  latter  formation 
in  much  obscurity.  But,  on  lithologic  grounds,  the  deposits  at  the  latter 
locality  were  compared  with  the  Laramie  beds,  and  it  may  further  be 
observed  that  the  latter  formation,  as  here  defined,  also  holds  extensive 
deposits  of  red  sandstones,  and  it  is  possible  that  the  beds  noticed  by 
Professor  Bradley  belong  to  this  early  Cenozoic  group.  In  the  event  of 
the  confirmation  of  the  latter  supposition,  may  not  these  exposures  in 
the  upper  portion  of  the  Craud  Canon  belong  to  the  series  of  gray  and 
bull*  and  red  strata  which  appears  in  the  broad  belt  stretching  across 
this  highland  region  between  the  southeast  Hank  of  the  Stations  XXXIX 
and  XL1I  uplift  and  the  great  Carboniferous  barrier  ridge  along  the 
lower  valley  of  the  Snake  i 

PIERUE\S    BASIN. 

The  bay-like  recess  known  as  Pierre's  Hole  or  Basin  occupies  the  in- 
terval between  Teton  Range  and  the  Snake  River  Mountains,  and  com- 
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municates  directly  to  the  north  with  the  great  plain  of  the  Snake  Biver 
Basin.  It  has  a  north-south  extent  of  about  18  miles,  and  at  its  widest 
part,  opposite  the  north  end  of  the  Snake  River  Mountains,  an  east-west 
breadth  of  about  11  miles.  To  the  south  it  very  gradually  narrows  into 
the  rounded  upper  end  of  the  basin,  while  to  the  north  it  is  defined  by 
a  relatively  low,  inconspicuous  upland  barrier  which  gives  to  the  in- 
cluded area  a  general  oval  outline,  embracing  an  area  of,  approximately, 
140  square  miles,  with  a  mean  elevation  of  6,000  feet  above  the  sea. 
Pierre's  River  traverses  the  basin  nearly  centrally,  its  principal  source 
risiug  high  up  in  the  Teton  plateau,  ami  is  joined  near  the  head  of  the 
basin  by  West  Pass  Creek,  which  latter  affords  a  natural  highway  com- 
municating with  Jackson's  Basin  on  the  Upper  Snake.  The  principal 
tributaries  from  thtf  east  all  originate  in  the  Alpine  basins  in  the  heart 
of  the  great  range ;  they  are  the  Fox,  Goodfellow's,  West  Teton  River, 
Bear  and  Leigh's  Creeks,  besides  several  other  smaller  streams  which 
collect  the  surface  drainage  of  the  western  foreland.  Numerous  spring- 
fed  creeks  and  rivulets  join  the  main  stream  on  its  left  bank  after  a  short 
course  from  the  low  mountain  border  which  defines  the  west  side  of  the 
basin. 

The  basin-plain  has  a  descent  of  400  to  500  feet  from  its  head  at  the 
debouchure  of  West  Tdton  Pass  Creek  to  the  point  where  the  main 
stream  begins  its  canon  course  across  the  volcanic-capped  low  upland 
barrier  which  extends  across  the  north  end  of  the  basin  below  Leigh's 
Creek.  A  wide  strip  of  level  alluvial  land  lies  immediately  adjacent 
the  stream,  the  damming  of  which  by  beavers  has  converted  the  larger 
portion  of  the  intervale  into  a  swampy  tract,  covered  with  luxuriant 
meadows,  dense  copses  of  willow  and  ponds,  through  which  the  channel 
can  with  difficulty  be  traced.  On  either  hand  the  plain  gently  rises  in 
broad  stretches  of  terrace  slopes,  which  abut  against  the  low  volcanic 
border  of  the  western  foreland  of  the  Teton  Mountains,  and  also  north 
of  Spring  Point  in  the  opposite  border ;  but  south  of  the  latter  locality 
these  benches  rest  upon  the  sedimentary  beds  which  here  form  the 
mountain  foot.  Within  the  basin  area,  the  larger  streams  have  built  up 
quite  extensive  detiital  deposits  in  the  form  of  broad  tongues  extending 
out  into  the  basin  from  their  debouchures,  the  channel  following  their 
crest,  from  which  the  surface  very  perceptibly  slopes  in  either  direction 
into  shallow  troughs  which  in  some  instances  are  occupied  by  the  small 
drainage  channels  that  rise  in  the  foreland. 

The  above  features  are  quite  marked  in  the  case  of  West  Teton  River 
and  Goodfellow's  Creek,  the  foreland  Rapid  Creek  flowing  out  into  the 
intervening  depression  ;  and,  as  seen  from  the  opposite  heights  in  the 
Pierre's  Mountains,  Bear  Creek  and  Leigh's  Creek  are  also  seen  to 
emerge  upon  similiar  raised  tongues.  But  in  the  west-side  streams  this 
peculiar  feature  is  not  well,  if  at  all,  developed,  the  streams  having  cut 
their  channels  through  the  gentle  terrace  slope  which  is  here  more  uni- 
form in  its  surface  contour,  or  has  been  less  modified  by  the  addition  of 
detrital  materials  brought  down  by  the  streams  and  superimposed  on 
the  more  ancient  terrace  formations.  For  there  can  be  no  question  as 
to  the  comparative  modem  origin  of  the  raised  tongues  alluded  to,  and 
which  manifestly  owe  their  formation  to  the  local  action  of  the  streams. 
This  is  further  clearly  shown  in  the  fact  that  the  shorter  and  less  power- 
ful water-courses  have  failed  to  make  the  same  impression  on  the  local 
topography  of  the  basin  area,  their  volume  being  inadequate  for  the 
transportation  and  distribution  of  so  extensive  quantities  of  detritus. 
The  later  action  of  the  streams  has  eroded  their  beds  to  a  depth  of  10  to 
30  feet  or  more  in  the  loose  materials,  froin  which  at  various  stages  in 
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their  volume  tliey  have  fashioned  typical  terraces,  which  reach  up  the 
larger  valleys  a  greater  or  less  distance,  as  noted  in  West  T6ton  Valley, 
Good  Fellow's,  Fox,  and  West  Pass  Creeks.  These  terraces,  in  cvc*y 
respect  typical  examples  of  their  kind,  show  different  levels,  5  to  25  and 
40  feet  above  the  level  of  the  streams,  the  lower,  and  of  course  most  recent 
ones  often  strewn  with  coarse  materials  which  enter  into  the  composition 
of  the  deposits  out  of  which  they  were  moulded.  Along  the  south  and 
west  sides  of  the  basin  the  surface  slopes  down  in  a  broad  gentle  terrace 
to  the  lower  level  of  the  plain,  in  which  the  streams  at  their  debouchures 
have  deepened  their  beds.  These  terraces  seldom  show  marked  or  abrupt 
borders  along  their  lower  edges,  but  instead  they  generally  merge  into 
the  lower  level  tract  with  but  slight  demarkation,  and  this  generally  to  be 
sought  rather  in  the  gravelly  character  of  the  soil,  tfhich  usually  marks 
the  edge  of  the  terrace-border. 

The  components  of  the  general  terrace  formation  that  fills  the  basin 
chiefly  consists  of  abraded  rock  fragments,  gravel,  pebbles,  and  small 
bowlders,  intermingled  with  finer  sediments,  and  very  generally  covered 
with  a  mantle  of  fine  light-drab  or  brown  soil.  However,  frequent  and 
more  or  less  extensive  tracts  are  covered  with  gravel,  like  bars,  where 
the  coating  of  finer  soil  has  been  washed  away.  In  the  lower  portion  of 
the  basin,  the  low  banks  along  Pierre's  River  reveal  quite  extensive  ex- 
posures of  light  earth,  which  recalls  the  modern  or  lake  beds  of  Dr.  Hay- 
den,  noticed  elsewhere  in  this  region,  underlying  or  incorporated  with 
the  later  volcanic  flows.  Their  occurrence  here,  in  the  near  proximity 
to  the  basaltic  flows,  strongly  suggests  the  ascribed  relationship.  It 
may  be  impossible  to  determine  the  vertical  extent  of  these  earlier 
Quaternary  deposits ;  but  that  they  may  reach  a  thickness  of  several 
hundred  feet  in  the  middle  of  the  basin  depression  and  elsewhere,  locally, 
seems  not  improbable. 

Although,  for  all  that  can  be  said  at  this  time,  the  superficial  deposits 
occurring  in  the  basin  may  not  be  treated  strictly  in  accordance  with 
their  chronological  sequence,  but,  from  the  similarity  of  their  eomjH)- 
ncnts,  the  fluviutile  deposits  may  here  receive  brief  notice.    The  posi- 
tion of  these  deposits  in  the  debouchures  of  the  streams  descending 
from  the  mountains  has  already  been  referred  to,  as,  also,  their  peculiar 
conformation.     It  is  rarely,  so  far  a.s  our  observations  went,  that  the 
mouths  of  the  debouching  streams  are  filled  with  accumulations  that 
strongly  suggest  morainal  origin.    The  banier  in  the  mouth  of  West 
Teton  Valley  and  the  ridges  on  the  north  and  south  may  prove  to  be 
the  remains  of  the  terminal  and  lateral  inorains  of  a  glacier  that  once 
filled  that  valley.    But  elsewhere,  so  far  as  observed,  these  dejwsits 
have  been  remodeled  to  such  a  degree  as  to  be  clearly  ascrilved  to  the 
work  of  the  streams  themselves.    Their  sources  and  the  progress  they 
have  made  in  the  process  of  deepening  their  beds  an1,  all  plainly  re- 
corded in  the.  character  of  the  deposits  which  they  have  built  up  along 
the  border  of  the  basin.    The  short   foreland  streams  south  of  West 
Teton  L'iver  are  paved  with  more  or  less  rounded  fragments  of  sand- 
stone and  volcanic  rock,  such  as  occur  in  situ  in  the  great  foreland  in 
this  quarter;  while  the  larger  streams  have  swept  down  immense  quan- 
tities of  thoroughly  rounded  fragments  of  all  the  sedimentary  rwks 
which  their  courses  traverse,  and  which,  in  Bear  Creek,  West  Teton, 
and  (ioodfcllow's  Creek,  are  intermingled  with  a  large  proportion  of 
mctumnrphic  bowlders  which  were  torn  from  ledges  deep  within  the 
range.     West  Pass  Creek,  and  all  the  streams  along  the  west  side  of 
the  basin,  are  strewn  with  sandstone  and  limestone  bowlders  only,  save 
occasional  fragments  of  volcanic  rocks;  the  absence  of  granitic  rocks 
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indicating  that  the  mountain  courses  of  the  streams  lie  entirely  in  the 
sedimentary  formations,  which  is  further  proved  to  be  the  fact  by  actual 
observation.  In  the  northern  part  of  the  basin,  Leigh's  Creek,  the 
sources  of  which  originate  in  the  great  Archaean  expansion  in  the  north- 
ern half  of  the  T6ton  Range,  and  flow  out  through  the  volcanic  fore- 
land which  here  flanks  the  metamorphic  nucleus,  shows  in  its  bed  quan- 
tities of  gneissic,  schistose,  and  volcanic  bowlders,  and  which  compose 
the  low  tors  and  bordering  terraces. 

In  defining  the  limits  of  the  basin  area,  mention  was  made  of  the 
low  upland  barrier  across  its  northern  end.  It  remains  to  notice  the 
geological  character  of  this  barrier,  which  presents  the  appearance  of  a 
low,  gently  undulating  prairie  upland,  on  the  one  hand  gently  descend- 
ing from  the  well-defined  foot  of  the  T6ton  Range?  and  on  the  other 
from  the  northern  terminus  of  Pierre's  Mountains,  uniting  below  Leigh's 
Greek,  where  it  is  broken  through  at  its  lowest  part  by  Pierre's  River, 
which  here  begins  its  caiion  in  the  volcanic  rocks.  This  upland  really 
belongs  to  an  extensive  tract,  extending  northward  to  Henry's  Fork 
of  Snake  River,  and  in  which  a  large  part  of  the  courses  of  Pierre's 
River  and  the  fcorth  Fork  and  several  smaller  tributaries  lie  in  nar- 
row canons,  100  to  500  feet  in  depth.  The  general  slope  is  quite  gradual, 
northwestward;  on  the  divide  just  south  of  Canon  Creek,  where  it 
probably  attains  its  maximum  height,  about  0,600  feet,  to  the  bluffs  on 
Fall  River,  a  few  miles  above  its  confluence  with  Uenry's  Fork,  the  de- 
scent being  in  the  neighborhood  of  1,400  feet. 

The  entire  tract  is  based  upon  the  older  volcanic  flows,  which  show  in 
the  deeper  caiions  several  hundred  feet  thickness  of  laminated  porphy- 
rinic trachytes,  overlaid  by  drab  and  pink  trachytes  or  trachytic  tuffs, 
upon  which  rest  in  turn  remnants  of  firmer  dark-brown,  somewhat  vesic- 
ular lava,  with  probably  other  varieties  of  trachyte  and  trachytic  lavas, 
extending  to  the  lower  level  of  the  Snake  Basin,  where  they  are  replaced 
by  the  ordinary  basaltic  flows  which  everywhere  floor  the  great  plain. 
To  the  first  mentioned  varieties  belongs  the  volcanic  fringe  which  rises 
up  on  the  western  foot  of  the  T6ton  Range?  throughout  its  length  be- 
tween North  Fork  and  West  Pass  Creek,  and  which  reappears  along  the 
foot  of  Pierre's  Mountains,  at  a  point  about  due  west  of  the  mouth  of 
West  T6ton  River,  to  the  south  of  which  they  have  been  denuded.    From 
either  side  of  the  basin  these  deposits  converge  in  gradually  diminishing 
benches  toward  the  head  of  Pierre's  Canon,  presenting  an  abrupt  breast 
cm  the  basin  side  and  gently  inclining  with  the  inclination  of  the  flows 
in  the  opposite  direction,  or  northward.    There  is  apparently  a  series  of 
two  or  more  of  these  benches,  which  formed  a*s  many  barrier  levels  across 
the  northern  end  of  Pierre's  Basin,  the  gradual  drainage  of  which  ex- 
plains the  shelving  contour  of  the  older  terrace  formations  with  which 
it  is  filled,  and  which  probably  date  subsequent  to  the  volcanic  eruptions. 
fThe  surface  of  this  upland  barrier  is  generally  composed  of  a  finely  com- 
Urinuted  light-brown  soil,  covered  with  a  luxuriant  growth  of  grasses 
fend  herbaceous  plants.    Wherever  the  wash  has  bared  the  steeper  slopes, 
there  appear  exposures  of  water-worn  drift  materials.    These  loose  ma- 
terials were  doubtless  spread  over  the  surface  of  the  subjacent  volcanic 
deposits  prior  to  their  erosion  and  removal  from  the  basin  area.    So  it 
'Would  seem  that,  within  comparatively  modern  date,  the  whole  Snake 
River  region  was  submerged,  while  the  sluice-like  accumulations  tilling 
the  debouchures  of  the  basin  streams,  and  which  form  to-day  a  by  no 
means  inconspicuous  feature  in  its  surface  relief,  are  absolutely  modern, 
belonging  to  a  past  not  very  remote  even  to  human  comprehension. 


CHAPTER  IV. 


THE  EASTERN  SECTION. 

GENERAL  TOPOGRAPHICAL  FEATURES,  DRAINAGE,  ETC. 

So  far  as  relates  to  the  somewhat  partial  nature  of  the  geological  ex- 
aminations in  the  region  to  the  cast  of  the  Tfcton  Range,  it  may  be  made 
to  embrace  a  belt  of  territory  nearly  coextensive,  north-south,  with  the 
extent  of  Jackson's  Basin  along  its  western  border,  or  about  40  miles : 
a  line  carried  east  from  Jackson's  Lake,  along  the  divide  between  Buf- 
falo Fork  and  the  sources  of  the  main  Snake  River,  to  the  continental 
watershed,  denning  its  northern  limits.  To  the  south  and  east  of  the 
above  boundaries,  in  the  interior  portion  of  the  area,  our  examinations 
were  merely  such  as  it  was  possible  to  make  from  commanding  mount- 
ain summits,  by  which  means,  in  perhaps  the  majority  of  cases,  it  was 
possible  to  gain,  at  least,  a  general  knowledge  of  a  much  wider  extent 
of  country  than  that  actually  visited. 

By  far  the  larger  portion  of  this  area  belongs  to  the  drainage  of  the 
Columbia,  and,  hydrograpliically,  it  is  further  divided  into  three  well- 
defined  subsections,  viz,  the  southern,  including  the  area  north  of  Ho- 
back's  River  and  south  of  the  Gros  Ventre  River ;  the  middle,  or  that 
between  the  Gros  Ventre  and  Buffalo  Fork ;  and  the  northern,  a  belt  of 
country  embraced  between  the  latter  stream  and  the  extreme  eastern 
sources  of  the  Snake.    The  Buffalo  Fork  and  Gros  Ventre,  both  beauti- 
ful, well-sized  mountain  streams,  rise  in  the  continental  divide,  and  flow- 
ing westward  join  the  Snake  in  its  passage  through  Jackson's  Ilole. 
The  Gros  Ventre  drains  the  larger  area,  but  Buffalo  Fork  is,  perhaps, 
scarcely  inferior  in  the  volume  of  its  waters.    In  respect  to  Hoback's 
River  and  the  country  along  the  southern  flank  of  the  Gros  Ventre 
Mountains,  which  it  in  part  drains  and  which  in  part  belongs  to  the 
Green  River  drainage,  our  information  is  as  yet  wholly  based  on  such 
accounts  as  have  reached  us  from  the  hunters  and  explorers,  who  have 
casually  visited  or  passed  through  that  region  with  other  objects  in  view 
than  its  careful  exploration. 

In  surface  reliefs  the  three  above-mentioned  subsections  differ  greatly 
one  from  the  other ;  and  this  difference,  as  we  shall  see  presently,  is  due 
to  the  geological  features  characteristic  of  the  several  quarters,  and 
which  will  be  taken  up  in  connection  with  the  description  of  these  areas. 
In  the  northeast,  a  narrow  belt  east  of  the  continental  watershed,  on 
the  headwaters  of  Wind  River,  was  visited  in  the  course  of  the  season, 
where  we  had  opportunity  to  extend  our  general  examinations  south- 
ward as  far  as  Union  or  "Warm  Water  Pass,  and  thence  along  the  north- 
east foot  of  the  Wind  liiver  Mountains.  This  opportunity,  notwith- 
standing the  limited  time  a  hasty  passage  through  the  country  afforded, 
enabled  the  acquisition  of  many  interesting  details  and  a  geuend  knowl- 
edge of  the  geological  relations  of  the  orographic  features  of  this  park 
of  the  great  watershed,  and  which  find  so  diverse  expression  iu  the 
grandeur  and  unity  of  the  great  displacement  out  of  whose  metauior- 
phic  axis  were  fashioned  the  chain  of  snowy  peaks  and  labyrinth  of  am- 
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phitheatre8  and  profound  gorges  that  mark  the  crest  of  the  Wind  River 
Mountains,  and  the  scarcely  less  remarkable  or  inferior  volcanic  heights 
in  the  vicinity  of  To-gwo-tee  Pass  and  the  region  around  the  sources  of 
the  Yellowstone. 

JACKSON'S  BASIN. 

Before  passing  to  the  consideration  of  the  highlands  of  this  portion  of 
the  district,  which  will  be  treated  of  in  specific  connected  order,  a  brief 
notice  of  the  mountain-locked  valley  commonly  known  as  Jackson's  Uole, 
will  first  engage  our  attention.  Extending  in  a  northerly  and  southerly 
direction  a  distance  of  about  45  miles,  ranging  in  breadth  from  5  to  15 
miles,  and  in  altitude  6,000  to  0,800  feet  above  sea-level,  it  presents  a 
surface  diversified  by  levels  of  low,  gravelly  bottom,  beautiful  terrace- 
plains,  with  low,  grassy  hills  rising  in  the  midst,  and  densely  timbered 
ridges  skirting  the  western  border,  along  which  are  nestled  the  lakelet 
expansions  of  the  streams  that  issue  from  the  Teton  Mountains,  and  to 
the  north  the  beautiful  body  of  water  into  which  the  Snake  River  ex- 
pands, which  has  received  the  name  of  Jackson's  Lake.  To  the  west 
rises  the  lofty,  precipitous  barrier  of  the  Teton  Range,  which  to  the  north 
sinks  to  the  level  of  the  high  outlying  volcanic  divide  at  the  northern 
extremity  of  the  range,  and  to  the  south  is  prolonged  in  the  mazes  of 
the  Snake  River  Range,  forming  a  continuous  belt  of  rugged  mountain 
wall  abruptly  hemming  this  side  of  the  valley.  On  the  east  the  moun- 
tain border  is  mnch  less  regular  and  elevated,  with  a  wide  belt  of  out- 
lying, gentle  slopes,  interspersed  with  forests  of  pine,  groves  of  aspen, 
and  extensive  tracts  of  pasturage.  Perhaps  no  region  in  the  Northwest 
presents  so  vaiied,  beautiful,  and  majestic  scenery. 

Quaternary. — The  whole  valley  is  filled  with  an  immense  accumulation 
of  Quaternary  deposits,  consisting  of  well-water- worn  or  rounded  debris 
derived  from  the  neighboring  mountains,  and  which  the  action  of  the 
streams  has  formed  into  various  terrace-levels,  the  higher  of  which  fonn 
quite  extensive  plains  covered  with  sage  and  excelleut  grazing.    The  soil 
is  of  a  light-brown  marly  nature,  based  upon  a  subsoil  of  coarser  materials ; 
which  latter  often  appears  at  the  surface  in  the  lower  bottoms,  and  also 
in  the  higher  levels,  giving  rise  to  gravelly,  barren  tracts.    Again,  con- 
siderable areas  of  the  bottoms  along  the  beaver-dammed  water-courses 
are  converted  into  ponds  and  willowy  bogs,  which  merge  into  luxuriant, 
spongy  meadows,  very  like  the  natural  vegas  of  the  Southwest.    The 
streams  are  generally  rapid  and  shallow,  their  clear,  cold  waters  spread- 
ing over  bowlder-strewn  beds  and  interrupted  by  bars  of  shingle  and 
cobblestones,  which  often  divide  the  streams  into  a  network  of  easily- 
forded  channels ;  but  in  the  season  when  their  volume  is  swollen  by  the 
melting  of  the  snow  and  their  banks  run  full,  they  present  far  more 
formidable  obstacles  to  the  progress  of  the  traveller. 

In  the  debouchure  of  East  Pass  Creek  the  west-side  terraces  may 
be  well  studied.    They  are  seen  to  form  high  undulating  and  sloping 
benches,  for  the  most  part  heavily  timbered  with  impenetrable  tracts  of 
young  pines,  and  strewn  with  large  blocks  of  granite.    In  their  passage 
across  this  bench  the  small  streams  have  eroded  pretty  little  valleys  40 
to  00  feet  deep,  and  have  also  built  lesser  terraces,  which  are  conspicu- 
ous for  the  prevalence  of  water- worn  fragments  of  sedimentary  rocks,  sand- 
stone and  limestone,  winch  the  streams  brought  down  at  a  later  period. 
To  the  north,  however,  it  is  very  likely  that  Archiean  debrl-n  prevails 
throughout,  in  the  ancient  as  well  .as  in  the  more  recent  formed  benches. 
IWessor  Bradley  and  Mr.  Taggart,  who  examined  in  this  quarter  the), 
outlying  benches  immediately  at  the  foot  of  the  culminating  Archiean 
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peaks  of  the  range,  found  evidence  that  persuaded  them  of  the  glacial 
origin  of  the  low  parallel  c/Arif-ridges  which  there  skirt  the  foot  of  the 
mountains.  To  the  .south  the  evidence  is  far  less  convincing,  indeed  the 
terraces  not  exhibiting  in  their  conformation  other  features  than  those 
"which  are  readily  explained  by  lluviatile  action  in  working  over  and 
rearranging  the  loose  materials  accumulated  along  the  base  of  the 
mountains.  Local  glaciers  may  have  and  doubtless  did  occupy  the 
gorges  that  so  deeply  wore  the  Teton  and  opposite  mountain  ranges; 
but  one,  in  the  course  of  a  hasty  visit,  seeks  in  vain  for  those  indubitable 
signs  which  are  the;  conspicuous  infallible  records  of  former  glacial  action 
hi  other  regions.  This  absence  of  scoring  and  grooving,  the  concomi- 
tants of  glaciation,  may  not  seem  so  strange  on  inaturer  reflection, 
especially  when  we  take  into  consideration  the  potency  of  simple-acting 
atmospheric  influences,  which  involve  in  their  effects  far  more  significant 
results  than  the  feebly  engraved  records  of  the  reign  of  the  glaciers. 

These  high  terraces  terminate,  along  Fighting  Bear  Creek  in  steep 
declivities  40  to  00  feet  in  height,  reappearing  at  intervals  lower  down 
the  valley,  but  less  and  less  conspicuous,  while  to  the  north  the  reverse 
is  true,  the  terraces  increasing  in  magnitude,  especially  in  the  delumch- 
ures  of  the  principal  gorges  where  they  have  formed  barriers  500  feet 
above  the  present  level  of  the  Snake,  behind  which  nestle  pretty  lake- 
lets, which  Professor  Bradley  refers  with  good  reasons  to  morainal 
origin.    So  far  as  the  present  observations  extend  the  local  character  of 
these  accumulations  is  manifestly  apparent  in  the  nature  of  their  com- 
ponents; the  west-side  terraces  being  almost  exclusively  made  up  of 
granitic,  gneiss,  schists,  and  quartzite  bowlders,  with,  as  has  before  been 
mentioned,  reddish  bull'  laminated  sandstone  and  limestone  debris  preva- 
lent in  the  later-formed  benches,  as  along  East  Pass  Creek  in  its  passage 
across  the  higher  benches.    Above  the  confluence  of  East  Teton  Creek 
a  high  terrace  sets  in,  which  forms  an  extensive  grassy  plain  200  feet 
and  m on1,  in  height  above  the  river,  gently  rising  to  the  west,  where  it 
is  bordered  by  the  before-mentioned  wooded  morainal  ridges,  which  lat- 
ter, in  places,  project  far  out  into  the  basin  south  of  Jackson's  Lake. 
Professor  Bradley  has  given  a  profile  of  this  portion  of  the  valley,  from 
levelihigs  made  by  Mr.  Ilering,  from  which  we  gather  a  more  correct 
knowledge  of  its  contour  than  is  apparent  when  viewed  at  a  distance 
from  the  east  side  of  the  valley.     This  profile  is  incorporated  in  an 
accompanying  plate  of  diagrams,  which  sutlicieutly  explains  those  fea- 
tures of  surface  reliefs  dependent  on  the  character  of  the  superficial 
materials  which  fill  the  basin  south  of  Jackson's  Lake. 

On  the  east  side  of  the  basin  then*  exists  a  greater  diversity  in  super- 
ficial contour,  in  part  due  to  the  presence  of  island-like  remnants  of  sed- 
imentary formations  and  eruptive  effusions,  but  mainly  to  the  modifying 
changes  wrought  in  the  superficial  deposits  by  considerable  tributaries 
which  flow  out  into  the  basin  from  the  eastern  highlands.  The  nmre 
important  of  these  are  the  (iros  Ventre,  Elkhom,  and  Buffalo  Fork  :  hut 
there  are  other  smaller  water-courses  which  have  effected  marked  lwal 
changes  in  the  materials  in  the  way  of  their  channels,  and  which  have 
thrown  tin1  ancient  terrace  into  much  confusion,  eroding  shallow  basins 
and  building  up  low  terraces  of  their  own  out  of  the  materials  which  tliev 
have  swept  down  from  the  neighboring  hills.  This  is  true  of  the  Little 
(iros  Ventre,  and  several  small  streams  that  drain  the  western  flank  of 
Mount  Leidy  highlands  between  the  (iros  Ventre  and  Klkhorn.  Out  of 
tin*  old  terrace  the  former  stream  has  formed  an  abrupt  barrier  a  long  it* 
right  bank,  100  to  loO  feet  high,  its  face  thickly  strewn  with  bowlders  ami 
pebbles.    This  barrier  slopes  off  on  the  northwest  in  a  long  glacis  to 
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the  Gros  Ventre,  where  it  terminates  in  low  benches  less  than  20  feet 
above  the  stream,  a  couple  of  miles  above  its  mouth.  To  the  south  it 
soon  merges  into  the  eastern  face  of  the  group  of  low  hills  belonging  to 
the  Lower  Gros  Ventre  Buttes,  and  where  the  barrier  of  the  chafing 
brook  is  formed  of  early  Paheozoic  rocks.  On  the  Gros  Ventre  below  its 
debouchure,  a  series  of  more  regular  terraces  is  met  with,  with  remnants 
of  the  ancient  terrace  appearing  on  the  south,  where  it  is  100  feet  or  more 
above  the  stream,  and  partly  encircles  the  low  Tertiary  hills,  on  which 
erratics  are  occasionally  met  with  at  a  much  higher  elevation. 

To  the  north  of  the  Gros  Ventre  the  ancient  terrace,  at  first  much  cut 
up  by  minor  water-courses,  gradually  assumes  its  pristine  condition,  form- 
ing a  broad,  grassy,  outlying  glacisj |  bordering  the  wooded  Tertiary  foot- 
hills of  the  Mount  Liedy  highlands,  and  terminating  in  a  line  of  bluifs 
hemming  the  east  side  of  the  Snake  Bottoms,  and  which  as  suddenly 
breaks  down  in  steep  declivities  south  of  the  debouchure  of  the  Elkhom. 
Its  surface  in  the  immediate  vicinity  of  the  foot-hills  is  modified  by  a 
series  of  low  benches  which  run  out  diagonally  into  the  basin,  erosion 
having  swept  away  the  finer  materials,  leaving  long  trains  of  rubble- 
stones.  Farther  south,  however,  the  light  brown  surface  soil  is  generally 
prevalent,  here  and  there  patches  of  light  marly  soil  and  limestone  frag- 
ments appearing  in  the  midst,  indicating  subjacent  late  Tertiary  dejjosits. 
The  coarse  materials  of  this  portion  of  the  terrace  show  a  variety  of 
rocks,  chiefly  qnartzitc,  with  rarely  bowlders  of  volcanic  rock. 

Between  the  broad  basin-like  debouchures  of  the  Klkhorn  and  Buffalo 
Fork,  which  are  paved  with  water-worn  bowlders,  and  interspersed  with 
meadow-flats  and  willow-fringed  beaver-ponds,  projects  a  tongue  of  low 
Tertiary  upland,  which  is  enveloped  in  a  heavy  mantle  of  drift-like  de- 
posits. There  is  also  here  found  a  deposit  which  seems  to  be  of  Qua- 
ternary age,  composed  of  yellow  earth  and  pebbles  arranged  in  layers, 
sometimes  forming  a  homogeneous  mass,  the  surface  strewn  with  bowld- 
ers. In  places,  as  in  the  bluffs  on  Elkhom  (1anon,  and  elsewhere  in  this 
upland,  a  dark  brown  soil  deposit  is  observed,  probably  the  slow  accu- 
mulation during  the  time  the  waters  of  the  Snake  occupied  a  much 
higher  level  than  at  present. 

The  incipient  terraces  which  are  to-day  in  process  of  formation  over  the 
wide-spreading  beds  of  some  of  these  little  streams  offer  most  interest- 
ing subjects  to  detain  the  observer.  We  hen*  see  going  on,  in  miniature, 
the  same  fluvial  actions  to  which  are  ascribed  the  various  phenomena 
observed  in  connection  with  the  terrace  formations  of  more  ancient  date. 
But  these  later  manifestations  show  the  inipotcncy  of  the  currents  of  the 
present  streams,  even  in  times  of  freshet,  to  wield  the  heavy  materials 
in  their  path;  hence  their  channels  show  a  tendency  to  spread  laterally 
instead  of  confining  and  deepening  their  beds  in  the  loose  materials  over 
which  they  flow. 

Above  the  Gros  Ventre  we  encountered  the  remains  of  a  ditch,  which, 
it  is  said,  was  constructed  some  six  or  seven  years  ago  for  the  purpose  of 
conveying  water  to  some  placer  mines  o]>enedin  the  gravels  in  the  lower 
bottom  level.  What  success  attended  this  enterprise  we.  are  unable  to 
learn.  "  Prospect  pits"  were  found  at  several  places  in  the  valley, 
Which  is  periodically  resorted  to  by  small  parties  and  solitary  individuals 
inquest  of  gold  and  adventure.  Possessing  a  fertile  soil  and  an  abun- 
dance of  water,  nought  but  its  northern  latitude  (near  the  14th  parallel), 
its  altitude  (0,300  feet),  and  the  consequent  shortness  of  the  season,  pre- 
vent this  becoming  a  prosjicrous  agricultural  district.  During  the  time 
of  our  visit  (latter  part  of  August)  heavy  frost  was  of  daily  occunvnee, 
ice  forming  an  eighth  of  an  inch  thick  overnight  in  the  camp  utensils; 
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indeed,  more  agreeable  temperature  was  experienced  at  onr  mountain 
bivouacs  than  in  the  valley.  The  pasturage,  however,  is  excellent;  and 
at  seasons  the  woods  and  plains  are  stocked  with  game;  elk, deer, ante- 
lope, and  bears  abound,  while  in  the  forests  two  or  three  kinds  of  grouse 
are  found,  and  the  streams  afford  abundance  of  large,  delicious  trout. 

Just  within  the  mouth  of  the  Gros  Ventre  Valley  several  small  rivulets 
of  warm,  slightly  saline  water  were  discovered  flowing  into  the  stream 
on  either  bank.  They  are  fed  by  springs  which  api>ear  in  marshes  in 
the  bottom  land  half  a  mile  or  so  above  the  point  where  the  river  enters 
Jackson's  Basin.  The  inflowing  spring  waters  seem  to  perceptibly 
raise  the  teini>erature  of  the  river  water  below  the  j>oint  where  they 
issue  into  the  Gros  Ventre,  from  which  it  may  be  inferred  their  volume 
is  considerable  These  springs  probably  have  their  sources  in,  or  issue 
from,  the  Carboniferous  limestone,  bluffs  of  which  line  either  side  of  the 
narrow  valley  at  this  point. 

Sedimentary  and  volcanic  rock*. — We  now  come  to  certain  small  and 
isolated  areas  of  older  sedimentary  formations  properly  belonging  to  the 
basin,  and  in  the  brief  subjoined  notice  will  also  be  included  mention  of 
such  comparatively  inconspicuous  volcanic  deposits  as  are  met  with  in 
patches  disconnected  from  the  great  flows  which  hem  in  the  head  of  the 
valley  to  the  north. 

In  the  somewhat  narrowed  southern  half  of  the  basin  two  groups  of 
low,  grassy  hills  rise  from  the  plain  to  the  height  of  a  few  hundred  feet, 
and  which  are  chiefly  conspicuous  for  their  isolation.  These  are  known 
as  the  Upper  and  Lower  Gros  Ventre  Bnttcs.  The  lower  and  larger 
group  lies  between  the  Snake  and  Little  Gros  Ventre  Creek,  just  below 
the  confluence  of  Gros  Ventre  River,  and  consists  of  a  series  of  low  lulls 
penetrated  by  narrow,  shallow,  parallel  depressions,  in  a  northerly  and 
southerly  direction,  or  corresponding  approximately  to  the  direction  of 
strike  of  the  sedimentary  deposits  which  enter  largely  into  their  compo- 
sition. At  the  northwest  the  hills  culminate  in  a  bolder  eminence  in 
which  dark,  rusty  volcanic  ledges  appear,  extending  southward  in  a  low 
spur.  These  Professor  Uradley  found  to  consist  of  u  red,  gray,  black, 
brown,  and  variegated  porphyritic  breccias,  including  much  jasper,  but 
partly  porous,  loose-textured,  and  even  ashy.  The  beds  are  much  dis- 
torted, but  have  a  general  northwesterly  dip."  Similar  deposits  were 
noticed  rising  gently  southeasterly  in  the  eastern  portion  of  the  group, 
when»  they  are  underlaid  by  heavy  deposits  of  dark-weathered  limestone, 
probably  of  Quebec  age.  The  latter  beds  appear  in  the  steep  bluft"  along 
the  west  side  of  the  Little  (iros  Ventre,  facing  a  prominent  spur  of  the 
Gros  Ventre  Mountains,  which  juts  out  into  the  valley  at  this  ]N»iiit.  the 
beds  dipping  at  a  moderate  angle  northwestward.  At  the  south  end 
of  this  group  Professor  Bradley  observed  in  a  low  sharp  butte  horizontal 
beds  of  gray  limestone,  which  were  compared  with  the  Carboniferous. 
The  interval  between  the  cast  and  west  port  ions  of  this  group  comprises 
a  shallow  undulating  depression,  which  may  be  partially  tilled  with  soft 
Tertiary  deposits,  over  which  is  spread  a  mantle  of  Post-Tertiary  mate- 
rials. 

About  eight  miles  northeastward  of  the  above  buttes,  a  similar  but 
smaller  cluster,  called  the  Upper  or  North  Gros  Ventre  J  hit  tea,  occu- 
pies the1  interval  between  the  Snake  and  Gros  Ventre  Rivers.  Jn  lb* 
northern  and  higher  portion  of  this  group  "Professor  I >radley  saw  ex- 
posed a  fair  representation  of  the  Palaeozoic  series  of  the  region,  con- 
sisting of  "gray  quartzitic  sandstones,  which  are  probably  of  Potsdam 
age,"  overlaid  by  conglomeritie.  limestones  so  characteristic  of  the  Que- 
bec Group,  as  developed  in  the  Teton  Mountains,  and  these  in  turn  fol- 
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ed  by  limestones  abounding  in  Carboniferous  fossils.  The  latter  de- 
its,  which  exhibit  the  best  exposures,  dip  K.  50°  E.,  at  an  angle  of 
ut  70°.  In  the  west  face  of  the  butte  Professor  Bradley  mentions 
occurrence  of  "  Post-Tertiary  whitish  sandstones  and  marls,  inclos- 
traginents  of  limestone  and  chert,  but  no  fossils,  of  which  all  the 
bhern  part  of  the  butte  is  composed."  As  seen  from  the  hills  to  the 
bkeasty  these  light-colored  deposits  apparently  form  a  low  outlier  on 
northeast  flank  of  the  butte,  wliile  the  southern  spur  of  the  butte  is 
urently  made  up  of  brown  deposits  with  indurated  layers,  dipping 
;he  same  general  direction  as  the  other  Tertiary  deposits,  or  north- 
twardly. 

a  the  space  included  between  the  Gros  Ventre  River  and  the  west- 
foot  of  the  adjacent  mountains  of  the  same  name,  to  the  southeast 
he  Upper  Gros  Ventre  Butte,  a  considerable  area  is  occupied  by  low, 
utifully  curved  grassy  lulls,  500  to  700  feet  above  the  Snake,  and 
ch  are  connected  with  the  mountain  border  by  a  shallow  depression 
saddle.  This  area  is  intersected  by  parallel  depressions  having  a 
theasterly  and  southwesterly  general  direction,  on  the  crest  of  one  of 
highest  ridges  of  which  was  located  Station  XLV,  commanding  an 
^nsive  and  beautiful  view  of  the  southern  portion  of  the  basin  and 
majestic  peaks  of  the  Tetons.  These  hills  appear  to  be  made  up  of 
it  ash-colored,  marly  clays  and  dark,  shaly  deposits,  with  bands  of 
,  more  or  less  porous,  thin-bedded,  cream-colored  limestone.  There 
r  also  be  arenaceous  beds,  but  the  prevalent  colors  arc  as  indicated. 
ir  Station  XLV  the  limestones  outcrop  in  the  brow  of  one  of  the  east 
res,  where  they  dip  30°,  W.  25°  X.  Although  diligent  search  was 
le  for  organic  remains  in  these  deposits,  none  were  found,  save  a  few 
Lstinct  molds  of  tubular  bodies  j  but  in  their  lithological  characters 
y  strikingly  recall  the  late  Tertiary  deposits  occurring  in  the  south- 
tern  section,  in  the  Blackfoot  Valley  and  near  Fort  Hall.  These  de- 
its  extend  across  the  depression  east  of  Station  XLV,  and  appar- 
ly  recline  on  the  foot  of  the  mountain,  which  is  here  flagged  with 
vy -bedded  magnesian  limestones,  either  of  Carboniferous  or  Niagara 
,  as  though  their  inclination  was  determined  by  elevatory  forces  sit- 
e  in  the  Gros  Ventre  Bange,  though  it  was  not  the  same  force  that 
led  the  more  ancient  deposits,  as  is  shown  both  by  their  strike  and 
re  northerly  inclination,  as  well  as  their  evident  non-conformity.  To 
south  of  the  latter  locality  these  Tertiary  deposits  rest  upon  Quebec 
mp  limestones,  while  to  the  north  they  successively  lap  up  on  Oar- 
riferous,  the  Triassic  (?)  "  red  beds,''  and  Anally  appear  to  merge  into 
older  Tertiary  in  the  western  foot-hills  of  the  Mount  Leidy  Group,  as 
1  hereafter  be  described. 

Jo  the  north  of  the  debouchure  of  the  Gros  Ventre  these  Tertiary  de- 
dts  are  far  less  conspicuous  within  the  limits  of  the  basin  proper, 
dough  they  appear  here  and  there  from  beneath  the  terrace  accumula- 
is,  indicating  their  subjacent  presence.  Professor  Bradley,  however, 
ntions  in  the  vicinity  of  the  confluence  of  Buffalo  Fork  and  the  Snake 
K>sures  of  "gray  and  bull',  Anc-graiiicd,  shaly  sandstones  of  indcter- 
late  age,  dipping  sharply  to  the  southeast,"  though  at  one  point  the 
ips  are  much  confused."  At  the  lower  end  of  Jackson's  Lakes  he  re- 
rks  the  occurrence  of  "high  knobs  of  i>orphyries  and  trachytes,  which 
licatc,  by  their  position,  at  least  a  former  connection  with  the  more 
rtheni  beds,  which  were  traced  to  witliin  Ave  miles  of  the  northern 
1  of  the  lake."  Seen  from  the  opposite  side  of  the  valley,  to  the  south- 
it,  these  knobs  have  the  appearance  of  a  cluster  of  buttes  occupying 
5  interval  in  the  eastern  bend  of  the  Snake.    In  the  abrupt  eastern 
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face  a  heavy  ledge  of  dark-brown  rock  shows  a  conspicuous 
ping  westward  at  a  moderate  angle,  apparently  inclosed  in  brc 
deposits.  It  may  be  that  the  indurated  dark  ledge  is  an  intn 
of  volcanic  material  5  but  the  brown  inclosing  deposits  recall  si] 
ing  beds  in  the  south  spur  of  the  Upper  Gros  Ventre  Butte, 
latter  may  possibly  prove  to  be  identical  with  extensively  expos 
ish  deposits  in  the  neighboring  hills  to  the  northeast  of  the  J 
which  also  occur  in  the  Mount  Leidy  Group  to  the  southeast- 
A  few  hundred  yards  west  of  Station  XL VII,  which  occupies  i 
covered  ridge  on  the  south  side  of  Elkhorn  VaUey;  a  low  kno 
end  of  the  ridge,  300  or  400  feet  high,  is  crowned  with  an  isolat 
darkrgreen  volcanic  rock,  weathering  reddish  like  trachyte,  tl 
porphyriticin  character.  It  shows  more  or  less  distinct  bedued 
and  dips  to  the  northwestward  at  angles  of  15°  to  20°.  It  e 
probable  that  this  ledge  may  be  identical  in  character  with  1 
mentioned  dark-brown  ledge  in  the  butte  south  of  the  outlet  of 
Lake,  with  which  it  also  agrees  in  the  direction  and  angle  of  ii 
but  at  the  present  locality  the  character  of  the  inclosing  de] 
not  ascertained.  Its  position,  however,  indicates  that  it  eith< 
to  a  flow  overspreading  or  alternating  with  sedimentary  mi 
a  sheet  of  volcanic  matter  intruded  between  the  layers  of  se 
deposits. 

THE  GROS  VENTRE  RANGE. 

The  belt  of  highlands  known  under  the  several  appellations 
tre,  Green  Eiver,  and  Wyoming  Mountains  forms  a  well-defii 
tain  range  extending  westward  from  a  point  about  opposite 
Warm  Water  Pass,  in  the  Wind  River  Mountains,  40  to  50  mil* 
terminates  in  an  exceedingly  nigged  mountainous  region  o^ 
Jackson's  Hole,  above  the  Grand  Canon  of  the  Snake.  Its  x\ 
including  the  area  between  the  Gros  Ventre  on  the  north  and 
River  on  the  south,  is  in  the  neighborhood  of  20  to  25  miles ; 
east  it  apparently  narrows,  and  at  the  same  time  appears  to  be 
with  profound  gorges  such  as  have  been  carved  out  of  the  wo 
tion.  This  western  front  presents  a  variety  of  topographic  ai 
cal  features,  such  as  find  ready  explanation  in  the  nature  of  t 
nent  rocks;  almost  ideally  perfect  Archaean  peaks  and  round* 
terminating  spurs,  contrasting  with  the  peculiar  sweeping  foi 
block-like  craggy-weathered  summits,  of  scarcely  interior  altil 
ioned  out  of  uplifted  sedimentary  formations.  This  broad  wi 
of  the  range  is  deeply  penetrated  by  the  Little  Gros  Ventre,  w 
the  attendant  erosion  of  numerous  lateral  ravines,  has  unloc! 
extent  of  the  interior  portion  of  the  range,  revealing  for  ss 
study  its  general  structural  features.  As  our  own  cxamina 
conlined  to  this  part  of  the  range,  we  may  be  permitted  to  r< 
some  minuteness  the  observations  there  made.  Of  the  south 
or  that  belonging  to  the  drainage  of  Hoback's  River,  we  can  0 
in  general  terms ;  but  of  the  region  to  the  east,  on  the  hea< 
Green  River,  and  also  on  the  opposite  slopes  descending  to  Gi 
River,  we  have  in  the  report  of  Dr.  Harden  of  Capt.  W.  F.  ] 
expedition  (1800)  many  and  most  important  details  respecting 
acter  and  distribution  of  the  geological  formations  in  that  qui 

Approaching  the  range  south  of  the  debouchure  of  the  L 
Ventre,  the  long  foreland  slope  is  flagged  with  Quebec  Group  li 
with  here  and  there  remnants  of  heavy -bedded  magnesian 
the  latter  appearing  in  greater  force  in  the  foot-hill  benches  to 
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where  it  replaces  the  Quebec  in  the  mountain-flank.  To  the  south,  how- 
ever, a  high  Archaean  spur,  carrying  on  its  ridge  a  plating  of  quartzite, 
and  probably,  also,  Quebec  limestones,  breaks  the  continuity  of  the  fore- 
land slope  and  abruptly  terminates  in  steep  declivities  facing  the  east- 
ern escarpment  of  the  Lower  Gros  Ventre  Buttes.  To  the  south  of  this 
spur  a  few  miles,  as  we  shall  see  presently,  the  mountains  are  largely 
made  up  of  an  enormous  development  of  red  deposits,  sandstones  and 
arenaceous  shales,  beneath  which  Professor  Bradley  noted  the  occurrence 
of  limestones,  probably  of  Carlxmiterons  age,  which,  still  farther  south, 
merge  into  the  Carboniferous  deposits  at  the  head  of  the  Grand  Cation 
of  the  Snake. 

Passing  up  over  the  foreland  north  of  the  above-mentioned  spur  to 
the  summit  of  the  isolated  peak  on  which  Station  XLIV  was  established, 
the  northwest  flank  of  the  mountain  exhibits  the  section  shown  in  the 
accompanying  plate.    At  the  foot  of  the  ascent,  the  Quebec  limestones 
show  in  ledges  lapping  up  on  the  slope.    They  consist  of  (3  c)  drab,  even 
and  thin-beilded,  rough-weathered,  fragmentary  layers,  underlaid  by 
(3  a)  a  similar  heavy  ledge,  separated  by  (3  b)  bluish-drab,  partially  indu- 
rated shales,  all  dipping  25°  to  35°,  W.  50°  N.-   In  the  deeper  ravines 
ledges  of  rusty-red  quartzite  and  hard,  laminated,  reddish -buff  and 
pale  pink  and  cream-colored  sandstones  appear  (2)  dipping  30°  to  40° 
northwestward,  and  which,  higher  in  the  slope,  form  the  crest  of  the 
ridge  along  the  north  side  of  the  canon  which  rises  in  Station  XLIV, 
separating  this  from  the  before-mentioned  high  Archaean  spur.     The 
latter  deposits  hold  the  position  of  the  Potsdam  quartzites.    Still  higher 
in  the  slope  a  slight  fold  in  the  strata  was  observed,  and  just  beyond 
this  a  limited  outcrop  of  (4)  light  buff  magnesian  limestone  occurs,  in 
which  a  few  very  imperfect  fossils  were  found,  crinoidal  remains  and 
Jfrmi/iroiitYej-likebrachiopods.    This,  doubtless,  is  a  remnant  occupying 
a  slight  sag  in  the  undulating  strata,  and,  judging  from  its  lithological  ap- 
pearance, it  may  either  belong  to  the  Niagara  or  Carboniferous.    Al>ove 
the  latter  exposure  the  surface  shows  immense  quantities  of  quartzite 
debris,  and,  as  we  ascend,  gneissic  fragments  become  more  and  more  prev- 
alent, until,  finally,  their  native  ledges  are  reached  in  the  immediate 
foot  of  the  peak  of  Station  XLIV.    The  angular  quartzite  and  but  little 
abraded  gneissic  debris  is  piled  in  huge  ridges,  like  morains,  which,  for 
the  most  part,  are  covered  with  a  dense  forest  of  pines. 

The  northwest  face  of  the  mountain  shows  an  amphitheatre,in  the  bed 
of  which  deep  baliks  of  snow  lay,  from  which  trickled  pretty  rivulets, 
watering  cosy  mountain  meadows  dotted  with  the  many  hued  blossoms 
of  tiny,  moss-like  plants.  A  sharp  Archiean  spur  defines  the  eastern 
wall  of  the  amphitheatre,  its  crest  weathered  into  pinnacles,  and  but- 
tressed by  the  peculiar  weathered  forms  common  to  these  rocks.  Their 
bedding  is  much  contorted  and  obscure,  though  it  appears  to  dip  mod- 
erately northeastward. 

Ascending  tluB  abrupt-falling  western  spur  leading  to  the  summit,  700 
to  800  feet  higher,  heavy  blocks  of  a  light-gray  quartzose  gneiss  are  en- 
countered, showing  breakage  or  cleavage  structure  in  two  marked  planes, 
the  one  inclining  north  at  an  angle  of  40°,  and  the  other  S.  45°  W.,  at 
angles  of  70°  to  80°,  the  laminated  structure  being  extremely  obscure, 
and  only  as  seen  in  mass  does  it  exhibit  what  appears  to  be  the  true 
tedding,  inclined  as  before  stated,  northeastward.  The  process  of  deg- 
radation by  which  these  hard  Archiean  rocks  are  reduced  to  the  condi- 
tion of  finely  pulverized  soils  is  well  displayed  at  this  locality ;  and 
wherever  a  little  platform  allows  the  retention  of  the  soil  thus  derived, 
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Alpine  plants  spring  up,  which  have  contributed  vegetable  matter  and 
transformed  the  little  basins  into  accumulations  of  rich  loam. 
'  At  a  point  near  the  summit  reddish  gneiss  appears  dipping  alnmt 
W.X.W.  at  an  angle  of  U0°.  Jt  is  overlaid  by  a  grayish-white  intensely 
hard  quartzite,  which  shows  at  one  point  an  inclination  X.  30°  E.,  at 
angles  of  35°  to  40°.  A  few  yards  south  of  the  summit  thG  white  quartz- 
ite dips  loo,  S.  4o°  E.  It  is  conglomeritic  in  places,  laminated  and 
cross-bedded,  pinkish  above  and  below,  probably  the  prevalent  color, 
attaining  an  exposed  thickness  of  at  least  50  feet,  The  summit  of  the 
mountain  is  a  confused  mass  of  angular  blocks  of  this  rock,  in  which  a 
few  obscure  fucoid-like  markings  are  observable.  Intercalated  between 
the  quartzite  and  the  gray  gneiss  occurs  a  layer  of  beautiful  i>ink-rcd, 
very  quartzose  gneiss,  like  that  mentioned  in  the  northwest  side.  There 
are  many  varieties  of  gneissose  and  schistose  rocks  in  the  mountain,  in- 
tersected by  granitic,  and  quartz  veins,  ami  these  deposits  have  l>eeu 
much  broken  up  and  recemented,  forming  a  sort  of  coarse  breccia.  From 
the  above  will  readily  be  inferred  the  greatly-disturbed  condition  of  the 
Arclnean  nucleus  of  this  portion  of  the  range.  As  time  did  not  permit 
carrying  our  work  into  the  heart  of  the  range,  to  make  up  for  the  de- 
ficiency as  far  a.s  possible,  a  rather  detailed  notice  of  the  geological  ap- 
pearances presented  from  this  elevated  outlook  is  here  appended. 

Station  XLIV  attains  a  height  of  about  4,000  feet  above  Jackson's 
Basin,  and  is  the  westernmost  culminating  peak  of  the  range,  situate 
about  midway  between  the  Gros  Ventre  and  lloback's  Kivers,  command- 
ing extended  views  of  the  surrounding  count ry.    From  the  north,  east,    j 
round  to  the  south,  the  Gros  Ventre  Mountains  are  spread  out  in  a     ■ 
grand  panorama;  the  remainder  of  the  circle  comprehending  the  Tctoiw    j 
and  the  beautiful  plain  of  Jackson's  Basin,  with,  to  the  north,  part  of    • 
the  low,  much  eroded  tertiary  hills  that  occupy  the  angle  north  and 
east  of  the  Ihiifalo  Fork  and  Snake  ltiver.    To  the  northeast,  about 
eight  miles  distant,  the  western  foreland  sweeps  up  from  the  level  of 
Jackson's  Basin  into  the  shattered  sedimentary  crown  of  Station  XLVJ. 
which,  with  its  easterly  continuation,  shuts  out  the  view  to  the  north- 
ward, save  here  and  there  loftier  distant  mountain  crests.     Intermediate, 
perhaps  one  to  two  and  a  half  miles  from  XLIV,  a  lower  but  still  lii^li 
ridge  shows  heavy  ledges  of  Quebec  Group  limestones,  capped  by  llit* 
more  niassivc-bcddcd  limestones,  probably  of  Niagara  age,  the  ba.s*  of 
the  sedimeiitaries  being  composed  of  the  Primordial  quartzites,  whose 
rusty-reddish  drhris  strews  the  lower  declivities  descending  to  theli^ht- 
gray  Arclucuu  llocrof  the  amphitheatre  which  separates  the  latter  ridge 
from  Station  XLIV.  j 

This  ridge  is  abruptly  terminated  on  one  of  the  tributary  branches  of  j 
the  Little  Gros  Ventre  from  the  south,  and  just  beyond  a  glimpse  i*  J 
caught  of  a  low  crown  protruding  in  the  slopes  facing  Station  XLY1.  ' 
which  also  appears  to  be  composed  of  A reh a  an  rocks,  the  scdimentanY.s 
having  been  denuded  over  an  inconsiderable  area.  The  ground  liriv 
referred  to  constitutes  one  of  those  great,  tilted  blocks  of  sediment:!!?'  I 
strata,  the  exact  counterpart  of  the  foreland  on  the  west  llank  of  the 
Teton  Range,  the  slope  descending  gradually  to  the  level  of  .lackson'* 
l>asin,  the  strata  dipping  at  a  somewhat  steeper  angle  in  the  same  di- 
rect ion.  so  that,  in  the  debouchure  of  the  Little  Gros  Ventre,  the  heavy- 
bedded,  rough -weathered  magnesiau  limestones,  Niagara  or  Carbonifer- 
ous, appear  in  uplifted  outliers  in  the  foot  of  the  mountain.  Then*  i* 
however,  this  distinction:  that,  in  the  western  think  of  the  Gros  VeiitnJ 
linugc,  besides  the  great  uplift,  tin;  strata  were  thrown  into  quite  coil-  j 
spicuous  minor  folds,  which  will  be  noticed  more  at  length  further  oil  \ 
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To  the  northeast  of  Station  XL VI,  in  the  opposite  face  of  the  deep 
broad  gorge  in  that  direction,  the  strata,  Carboniferous,  form  a  low  arch. 
Following  along  this  high  ridge,  which  is  apparently  the  same  that 
forms  the  north  flank  of  the  range  along  the  south  side  of  the  mountain 
course  of  Gros  Ventre  River;  to  a  point  about  east-southeast  of  XLVI, 
the  escarpments  defining  the  deep  drainage  channels  reveal  at  intervals 
magnificent  sections  of  the  sedimentaries  in  connection  with  a  remarkably 
uniform  uplift  which  appears  to  hold  about  the  same  magnitude  through- 
out the  extent  indicated,  as  seen  from  Station  XLIV.  Along  the  south 
or  southwest  flank  of  this  fold  the  strata  i>lunge  steeply,  in  places  vertical, 
elsewhere  flagging  gigantic  ridges.  But  in  the  opjwsite  slope  the  same 
deposits  dip  much  more  gently  in  the  direction  of  the  Gros  Ventre  Val- 
ley, and  appear  to  be  faced  with  an  extensive  development  of  "  red 
beds,*  whose  edges  often  appear  in  the  crests  of  the  huge  ridge,  which 
shows  in  places  the  whole  Palaeozoic  series,  even  the  Archaean  nucleus 
appearing  in  low  outliers  in  the  lxrttoin  of  the  intermontane  valley. 

The  northwestern  terminus'of  this  anticlinal  fold,  or  such  as  the  erosion 
of  Jackson's  Basin  has  determined  it  to  be,  apparently  lies  to  the  south 
of  the  del>oiichure  of  the  Gros  Ventre  Eiver,  where  its  appearance  will 
be  described  in  connection  with  the  notice  of  the  observations  hi  the 
vicinity  of  Station  XLVI.  In  this  part  of  the  range  the  lower  interme- 
diate ridges  to  the  eastward  are  mainly  made  up  of  the  Silurian  limestones 
and  quartzite.  The  former  show  the  rusty  weathered  exposures  so 
characteristic  of  the  Quebec  Group  beds  in  the  Teton  Mountains,  while 
the  siq>erimposed  magnesian  limestones  are  accompanied  by  overlying 
red-stained  limestones  with  shaly  partings  so  frequently  associated  with 
the  exposures  of  the  Niagara  and  the  inferior  member  of  the  Carbonif- 
erous in  the  same  region.  These  strata  dip  gently  to  the  east  or  north- 
eastward off  the  crest  of  the  uplift,  whose  axis  at  one  point  culminates 
near  the  present  summit  of  Station  XLIV. 

Towards  the  southeast  these  beds  gently  rise,  where  they  appear  low 
on  the  slope  descending  from  a  still  more  lofty  and  rugged  Archaean 
peak  some  five  miles  about  south -southeast  of  Station  XLIV.  A  very 
irregular  deep  saddle  connects  this  peak  with  XLIV,  which  bears  for 
a  part  of  the  way  a  covering  of  Silurian  beds  dipping  quite  steeply  south 
or  southeastward,  in  which  direction  they  are  followed  by  the  Car- 
boniferous limestones,  and  in  the  extremely  broken  region  still  beyond, 
stretching  across  what  has  the  appearance  of  a  profound  -narrow  valley 
which  here  intersects  the  mountains,  an  enormous  development  of  pale 
and  deep-red  strata  occurs,  the  structural  features  of  which,  however, 
it  was  impossible  satisfactorily  to  make  out. 

On  the  northeast  flank  of  this  high  Arelnean  peak  an  interesting  flexure 
in  the  Primordial  rusty  butt'  beds  is  finely  displayed,  the  nucleal  rocks 
showing  all  the  peculiar  features  of  weathering  characteristic  of  the 
Archaean  series.  This  latter  fold  is  in  line  with  the  above  peak  and 
Station  XLIV,  and  doubtless  pertains  to  the  same  general  uplift.  The 
Station  XLIV  uplift  differs  from  that  previously  mentioned  a  few  miles 
to  the  northeast,  and  with  which  it  is  probably  more  or  less  parallel,  in 
the  less  regular  distribution  of  the  forces  that  caused  the  disturbance, 
and  which,  but  for  the  immense  erosion  which  has  bared  its  real  char- 
acter, might  be  mistaken  for  so  many  local  quaquavcrsals  or  a  bulging 
of  the  sedimentary  beds.  While,  indeed,  a  section  carried  along  the 
saddle  from  one  peak  to  the  other  represents  a  broad  synclinal  depression 
filled  with  sedimentary  deposits,  a  transverse  section  across  the  saddle 
ridge  also  reveals  its  anticlinal  structure,  and  at  the  same  time  its  probable 
intimate  relations  to  the  culminating  peaks  which  mark  the  sites  of  the 
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morn  intense  manifestation  or  local  concentration  of  the  same  elevatory 

forces. 

Mention  was  made  of  the  great  spur  to  the  west  of  Station  XLIV, 
whose  abrupt  terminus  fronts  the  eastern  escarpments  of  the  Lower 
Gros  Ventre  Bnttes.  This  ridge  is  seen  to  be  heavily  bnrdened  by  the 
older  sedinientaries  which  occupy  a  shallow  sag  between  the  al>ove- 
mentioned  saddle  and  its  high  western  point,  which  latter  appears  to  be 
partially  flagged  with  quartzite,  and  corresponds  to  the  sharp  fold 
noted  in  making  the  ascent  of  the  foreland  ridge  north  of  this  spur. 
Hence,  it  would  seem  very  probable  that  we  have  here  another  and 
parallel  uplift  which  culminated  in  the  great  spur,  to  the  northwest  of 
which  it  is  far  less  conspicuous,  and  may  gradually  diminish  and  finally 
die  out;  in  the  opposite  direction  its  character  could  not  lie  clearly  ascer- 
tained. All  these  folds  have  a  general  parallel  arrangement,  trending 
about  southeast  and  northwest,  approximate. 

Along  the  northern  or  northeastern  bonier  of  the  range,  there  appear 
the  edges  of  great  blocks  of  tilted  strata,*  showing  the  gray  of  the  Car- 
boniferous limestones,  and  the  peculiar  colors  of  the  "reel  bed"  series, 
the  disposition  of  which  is  exactly  that  of  their  occurrence  in  the  north- 
east flank  of  the  Wind  River  Range,  whose  snow-covered  domes  just 
rise  to  view  far  away  to  the  south  of  east.  Southeastward  of  the  liigh 
Archa?an  peak,  the  main  crest  of  the  range,  or  such  it  appears  to  be, 
along  the  southern  bonier,  is  soon  surmounted  by  the  sedimentories, 
quartzite,  and  Quebec  Group  limestones,  which  dip  gently  northeastward 
into  the  depression  at  the  foot  of  the  great  northern  fold.  The  southern 
flank  of  this  crest  was  at  no  point  visible,  so  that  we  do  not  know 
whether  it  presents  an  abrupt  pitch  of  the  strata  similar  to  the  corre- 
sponding flank  of  the  northern  fold,  or  the  beds  more  gradually  descend 
into  the  basins  at  the  heads  of  Iloback's  and  Green  Rivers,  in  which 
latter,  to  the  eastward,  in  the  neighborhood  of  Union  Pass,  Dr.  llayden 
found  extensive  developments  of  the  Tertiaries  rising  high  x\\)  on  the 
western  flank  of  the  Wind  River  Mountains. 

To  the  south-southeast  the  view  embraces  avast  extent  of  haze-obscured 
country,  devoid  of  prominent  orographic  features,  and  which  evidently 
belongs  to  the  Green  River  Basin.  To  the  south  and  south -southwest 
massive  mountain  ridges  define  the  horizon,  their  summits  showing  largo 
patches  of  snow,  and  which  form  the  southern  extension  of  the  Snake 
River  Range  between  Iloback's  and  Salt  Rivers.  From  the  eastern 
bonier  of  this  mountain  belt  a  dark,  even-crested,  gradually  diminishing 
ridge  extends  far  out  into  the  above-mentioned  basin  region.  It  resem- 
bles the  great  volcanic-  plateau  slopes  north  of  the  Teton  Range,  but 
Dr.  Pealc,  in  whose  district  it  lies,  found  it  to  be  made  up  of  Green  River 
and  Wasatch  Tertiary.  The  Snake  River  enters  the  Grand  Cailon  to  the 
south -southwest,  and  is  soon  lost  amidst  a  labyrinth  of  deep  gorges  and 
rough  mountainous  country.  Southeast  or  east  of  the  upper  entrance 
the  Grand  Cafion  a  rather  low  but  very  broken  group  of  mountains, 
traversed  by  rugged  gorges  tributary  to  the  Snake,  seems  to  be  entirely 
eom]N)scd  of  deep  red  strata,  disposed  in  broad  belts,  lx\vond  which  are 
seen  grayish  deposits  in  the  main  mountain  crests,  which  are  prolmbly 
Carboniferous  limestones,  upon  which  the  red  beds  rest.  The  latter  are 
the  deposits  mentioned  by  Professor  Hradley  as  forming  three  well  de- 
fined anticlinal  folds  in  the  upper  third  of  the  Grand  Canon  below  the 
mouth  of  1  loback's  River.  The  trend  of  these  anticlinals  is,  however,  more 
to  the  south  than  that  of  the  Gros  Ventre  folds,  giving  rise  to  the  narrow 
triangular  area  which  separates  the  latter  from  the  Snake  River  Range. 
In  the  belt  belonging  to  the  southern  or  southwestern  flank  of  the  Gros 
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Ventres  there  are  indications  of  a  sharp  anticlinal  fold,  by  which  the 
red  beds  are  lifted  into  high  crests  north  of  lloback's  Kiver.  but  which 
may  prove  to  belong  to  the  southeastern  extension  of  the  before-men- 
tioned fold  west  of  Station  XL1V. 

The  relations  of  the  folds  and  involved  sedimentary  formations  ob- 
served by  Professor  Bradley  in  the  Grand  Canon  of  the  Snake  to  similar 
phenomena  and  stratigraphical  elements  met  with  hi  the  northwestern 
extension  of  the  Snake  ltiver  Range  have  been  briefly  discussed  in  a 
preceding  chapter.  The  relative  age  of  mountain  elevation  is  always  a 
subject  of  prime  importance,  and,  iu  a  region  like  the  present,  it  is  sure 
to  draw  the  attention  of  the  observer  to  every  fiict  which  seems  to  have 
a  bearing,  near  or  remote,  toward  the  solution  of  a  problem  which  is  so 
constantly  before  the  mind.  In  this  connection,  it  seems  as  though  we 
have  in  the  disturbed  late  Tertiary  dejwsits  within  the  area  of  Jackson's 
Basin  at  least  a  hint  as  to  the  comparatively  modern  date  of  the  eleva- 
tion, or  one  of  its  latest  phases,  of  the  Gros  Ventre  Range,  and,  iulereii- 
tially,  the  relatively  more  remote  date  of  the  disturbances  which  resulted 
in  the  upheaval  of  the  Snake  River  Range  to  the  southwest.  The  evi- 
dence here  observed  is  almost  precisely  the  same  as  that  furnished  by 
the  variegated  Tertiary  deposits  in  the  lower  valley  of  the  Snake  on  the 
opposite  side  of  the  latter  range,  which  lie  tilted  unconforinably,  on  the 
border  of  the  opposed  Caribou  Mountains. 

As  has  before  been  mentioned,  our  knowledge  of  the  geological  struc- 
ture of  the  eastern  portion  of  the  Gros  Ventre  Range  is  derived  from  the 
observations  of  Dr.  Hayden,  in  1800.*  Dr.  iiayden  mentions,  on  the 
upper  waters  of  the  Gros  Ventre,  extensive  developments  of  lignite- 
bearing  Tertiary  deposits,  and  lower  down  the  valley  successively  ap- 
pear Cretaceous,  Jura,  and  Triassic  deposits,  which  recline  on  the  north- 
ern flank  of  the  range.  The  Mesozoic  formations  doubtless  pass  out  into 
Jackson's  Basin,  north  of  the  debouchure  of  the  Gros  Ventre,  where,  how- 
ever, they  are  covered  by  late  Tertiary  beds,  and  even  in  the  rounded 
foot-hills  on  the  border  of  the  basin  they  are  so  concealed  beneath  detrital 
materials  as  to  escape  detection. 

The  distribution  of  the  late  Tertiary  deposits  in  Jackson's  Basin  has 
already  been  alluded  to,  as  also  their  upraised  position  on  the  flank  of 
the  mountain  north  of  the  point  where  the  Little  Gros  Ventre  leaves  the 
hills.  This  mountain  bonier  exhibits  the  heavy-bedded,  rough-weathered 
magnesian  limestone,  so  like  the  Niagara,  but  no  fossils  were  observed  here 
by  which  its  age  might  be  established  with  certainty.  As  we  pass  north- 
ward, however,  these  beds  are  lost  to  view  in  a  recess  a  few  miles  south  of 
the  debouchure  of  the  Gros  Ventre,  but  soon  reappear,  and  finally  pass  be- 
neath the  Carboniferous  deposits  across  which  the  stream  has  eroded  a  nar- 
row valley  in  its  passage  into  the  basin.  The  latter  deposits,  as  exposed  in 
the  south  angle  of  the  debouchure,  arc  made  up  of  dark-brownish  drab, 
porous,  magnesian  limestone,  dipping  15°  to  20°,  N.  5°  E.  it  occurs  in 
heavy  beds,  and  would  make  an  excellent  building  material.  It  weat  hers 
much  like  the  buff  magnesian  limestones  referred  to  the  Niagara,  from 
which  it  is  distinguished  both  by  its  darker  color  and  the  prevalence  of 
crinoidal  columns,  a  Spirifer  and'  Hemipronitm  crenwtria,  all  Carbonifer- 
ous forms.  These  magnesian  beds  are  overlaid  by  dark-gray  limestone, 
also  charged  with  Hemipronites  and  a  small  Athyrix,  &c,  and  which  ap- 
pear in  a  lov/blutt*  escarpment  on  the  opposite  side  of  the  stream  a  short 
distance  above,  dipping  in  the  same  direction,  and  overlaid  iu  turn  by 
light-gray  limestones  rising  up  on  the  northern  flank  of  the  Gros  Ventre 
Mountains.    These  exposures  are  often  covered  with  a  lichen-growth, 

•Reprint,  Report  U.  S.  Geol.  Survey,  1872,  chap.  I. 
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which  gives  to  the  ledges  a  beautiful  orange-reddish  tint  seen  at  a  dis- 
tance. 

Looking  up  the  Gros  Ventre  Valley,  the  limestones  are  soon  succeeded 
by  a  heavy  series  of  red  arenaceous  deposits,  which  continue  several  miles 
along  the  north  side  of  the  stream,  and  which,  in  part  at  least,  are  the 
same  mentioned  by  Dr.  Hayden.  This  i>oint  was  also  visited  by  Profes- 
sor Hradley,  who  reports  the  following  section  a  short  distance  within 
the  valley,  on  the  north  side : 

Section  in  the  debouchure  of  the  Gros  Ventre  Valley. 

"1.  White,  friable,  false-bedded  sandstones,  10  feet. 

"  2.  Covered  space,  al>out  100  feet. 

".'*.  Irregularly-bedded,  pale-gray  and  buff,  partly  bituminous,  mag- 
nesian  limestones,  50  to  00  feet. 

u  4.  Pale-red  friable  sandstones,  darker  and  shaly  below,  300  to  350 
feet. 

" ."».  Compact,  fine-grained,  gray  sandstone,  15  to  20  feet. 

u  0.  Brown,  coarse,  friable,  false-bedded  sandstone,  60  to  80  feet. 

u  7.  Coarse,  friable,  red  sandstone,  40  to  50  feet. 

u  s.  Compact,  dark-drab,  fossiliferous  limestone,  300  to  400  feet." 

The  bed  So.  1,  Professor  Bradley  refers  to  the  late  Tertiary ;  ]So.  3  is 
provisionally  referred  to  the  Jurassic,  although  no  fossils  are  observed 
in  this  horizon ;  No.  4,  Triassic ;  and  No.  5-8,  Carboniferous. 

The  second  and  last  visit  to  the  higher  portions  of  the  range  was  made 
in  the  ascent  of  the  mountain  chosen  for  the  toi>ographical  Station, 
XL VI.  This  occupies  a  commanding  summit  at  the  northwest  end  of 
the  range,  about  10,500  feet  above  sea-level,  from  which  the  view  over- 
looking the  lower  portion  of  the  Gros  Ventre  Valley,  and  a  part  of  the 
Little  Gros  Ventre  Valley  in  the  opposite  direction,  is  particularly  in- 
terest ing  and  instructive.  Keeping  the  crest  of  the  main  foreJand  ridge, 
the  way  lies  over  Carboniferous  deposits  the  whole  distance  between  the 
foot  of  the  spur  just  south  of  the  debouchure  of  the  Gros  Ventre  and 
the  summit,  along  a  general  southeast  course  of  about  six  miles.  The 
first  two  miles  is  a  rather  steep  ascent  of  about  2,500  feet,  flagged  with 
light  and  dark-drab  chert y  limestone,  with  hard  brittle  siliceous  layers. 
The  limestone  contains  numerous  characteristic  fossils,  conspicuous 
among  which  are  the  usual  forms  of  Zaphrentis.  Gaining  the  north- 
west shoulder  of  the  spur,  the  remainder  of  the  way  lies  along  the  broad 
crest  of  the  ridge,  with  a  gradual  and  quite  uniform  rise  to  the  foot  of 
the  culminating  peak,  the  last  KM)  feet  in  the  ascent  being  abrupt. 

Tln»  southern  or  sou tli  western  slope  of  the  ridge  is  deeply  furrowed  by 
numerous  short  ravines  tributarv  to  the  Little  Gros  Ventre,  that  render 
this  aspect  exceedingly  broken;  but  on  the  northeast  the  slope  is  more 
gradual,  although  it  is  also  much  cut  up  by  drainage  channels,  fall- 
ing with  the  dip  of  the  strata,  which  is  a  little  east  of  north,  though 
the  direction  is  variable,  at  angles  of  15°  to  30°.  For  a  considerable 
distance  the  crest  of  the  ridge  nearly  corrcs}>onds  to  the  strike  of  the 
limestone  strata,  when  it  bears  a  little  more1  to  the  south,  and  at  the 
same  time  rapidly  rises  into  the  bare  Alpine  heights,  where  the  fir  trees 
are  gathered  in  beautiful  clumps,  and  the  soil,  based  upon  remnant 
patches  of  red  arenaceous  deposits,  decked  with  many  bright  blossoms. 

The  summit  of  the  mountain  forms  a  short  north-south  ridge,  rounded 
<»n  the  west  side  to  the  escarpments  of  the  butt-gray  magnesian  lime- 
stones which  skirt  this  side  of  the  mountain,  overlooking  the  gorge-like 
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valley  of  the  Little  Gros  Ventre,  and  which  are  so  well  displayed  from 
Station  XLIV.  The  northeast  face  of  the  peak  breaks  down  in  sheer 
precipices  of  dark- weathered  limestone  into  an  amphitheatre,  which  is 
divided  into  two  nearly  equal  parts  by  a  huge  buttress  that  projects 
from  the  main  peak,  carrying  on  its  crest  curiously  weathered  pinnacles 
and  towers  of  limestone,  terminating  in  a  conical  point.  The  amphithe- 
atre is  filled  with  banks  of  snow,  which  feed  the  tiny  lakelets  that  nestle 
at  the  foot  of  the  (ttbri*  slopes.  To  the  east  the  peak  is  rent  and  fis- 
sured by  the  aetion  of  the  elements,  placing  an  almost  impassable  bar- 
rier between  the  station  and  the  lower  crest  in  which  the  mountain 
ridge  is  terminated  above  the  saddle  separating  the  drainage  of  the  two 
Gms  Ventres. 

The  summit  of  the  peak  is  strewn  with  angular  limestone  fragments, 
which,  in  places,  are  tumbled  into  funnel-shaped  sinks;  no  erratic 
materials  were  observed.  It  is  made  up  of  drab  limestone  interbedded 
with  dark  brownish-drab  magnesian  layers  and  yellowish  weathering 
deposits  in  the  lower  portion,  and  abounding  in  fossils,  Hcmipronites 
crcntetria  being  particularly  numerous  in  certain  layers,  besides  a  large 
Spirifer,  Athyrw,  Zaphrentis,  &e.  These  l>eds  dip  at  an  angle  of  15°, 
W.  30o  N.  to  N.  5o  W.  In  the  northwest  foot  of  the  peak  they  incline 
at  about  the  same  angle,  N.  40°  E.  to  N.  5°  W.,  and  at  one  place  bulged 
up  into  a  slight  anticlinal  or  undulation,  with  a  westerly  dip  of  about 
10°  on  the  one  flank. 

In  the  sloping  ridge  which  forms  the  western  wall  of  the  gulch  that 
flows  down  to  the  Gros  Ventre  to  the  northward,  the  Carboniferous 
limestones  are  overlaid  by  a  series  of  arenaceous  deposits,  consisting  of 
intensely  hard,  pinkish  siliceous  beds  and  hard,  laminated,  grayish, 
reddish-stained  sandstone,  including  bands  of  red  and  yellowish  sandy 
shales,  which  impart  to  the  exposures  so  strong  a  Triassic  aspect.  But 
these  deposits  are  precisely  like  the  upper  beds  of  tile  Carboniferous  in 
the  T6ton  and  Snake  River  ranges  to  the  west,  in  which  latter  region 
they  are  known  to  be  succeeded  by  later- formed  limestones,  whose  or- 
ganic remains  establish  their  Carboniferous  age.  These  Carboniferous 
red  beds  are  doubtless  identical  with  the  lower  red-bed  series  in  the 
debouchure  of  the  Gros  Ventre,  which  were  described,  as  above  quoted, 
by  Professor  Bradley,  where  they  were  estimated  at  400  to  500  feet 
in  thickness.  The  same  beds  also  appear  in  the  east  side  of  the  above- 
mentioned  gulch,  capping  the  limestones,  which  slope  oft'  at  a  moderate 
angle  northward  in  the  declivity  which  forms  the  Gros  Ventre  or  north- 
ern face  of  this  part  of  the  range ;  and  still  farther  east  a  heavy  mass  of 
deei>er  red-colored  strata  appears,  borne  upon  the  flank  of  the  moun- 
tain, their  edges  shown  in  escarpments  facing  southward.  The  latter 
dejiosits  are  doubtless  the  same  as  those  noticed  by  Dr.  Ilayden  in  the 
valley  of  the  Gros  Ventre,  where  they  are  associated  with  thin  bands 
of  gypsum. 

To  the  southeast  this  northern  barrier  ridge  shows  a  sharp  fold,  the 
limestones  flagging  the  south -facing  slope,  and  which  probably  is  part 
of  the  great  fold  seen  from  Station  XLIV.  It  is  possible  that  the  belts 
of  red  deposits  seen  at  various  points  within  the  range  belong  to  the 
Triassic  u  red-bed n  series,  which  were  curved  over  the  great  fold,  but 
which  have  become  quite  disconnected  from  the  northern  mass  through 
the  agency  of  subsequent  erosion,  which  has  removed  a  vast  amount 
of  sedimentary  materials  over  the  central  portion  of  the  range.  The 
northerly  inclination  of  the  Carboniferous  deposits  curries  them  beneath 
the  level  of  the  Gros  Ventre,  along  the  north  side  of  which  appears  a 
line  of  beautifully-eroded  bluffs,  showing  a  thickness  of  several  hun- 
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dred  feet  of  deep-red  arenaceous  deposits  banded  with  -lighter  tints, 
which  extend  several  miles  along  the  stream,  and  to  the  east  probably 
rise  up  on  the  mountain  flank,  where  they  present  the  escarpment  expo- 
sures lapping  up  on  the  Carboniferous  deposits,  as  mentioned  above. 
Remnants  of  these  u  red  beds "  may  also  occur  on  the  northeast  flank 
of  Station  XL1Y  ridge  between  the  summit  and  the  debouchure  of  the 
Gros  Ventre,  but,  approaching  the  latter  point,  they  have  been  swept 
away,  the  Carboniferous  forming  the  whole  mountain  side,  and  extend- 
ing even  beyond,  where  they  form  a  narrow  belt  on  the  north  side  of 
the  stream. 

The  apparent  nature  and  distribution  of  the  formations  which  succeed 
and  overlie  the  "  red  beds  "  to  the  north,  as  made  out  from  this  point, 
will  be  noticed  in  a  succeeding  page  relating  to  the  Mount  Leidy  region. 
To  the  south  and  southwest  the  view  embraces  the  Silurian-capped  heights 
of  the  foreland  between  Stations  XL VI  and  XLIV,  and  round  to  the 
southeast  the  foreshortened  southern  flank  of  the  north  barrier  and  the 
complicated,  much-eroded  interior  portion  of  the  range  penetrated  by 
the  ramifications  of  the  drainage  of  the  Little  Gros  Ventre. 

In  the  opposite  or  south  side  of  the  little  Gros  Ventre  Valley  a  tum- 
bled mass  of  rusty  quartzite  or  quartzitic  sandstone  was  observed,  which 
lower  down  appeals  in  the  broken  southern  slope  of  Station  XLVI  ridge, 
where  it  forms  a  more  or  less  well-defined  low  ridge,  which  terminates 
to  the1  northwestward  in  the  recess  at  the  foot  of  the  mountain  alnnit 
opposite  Station  XLV.    This  ridge  is  very  like  that  on  the  north  side  of 
the  canon  descending  from  Station  XLIV,  being  composed  of  broken 
angular  fragments  of  the  same  hard  quartzitic  sandstone.    In  the  steep 
bluffs  immediately  north  of  the  end  of  this  ridge  highly  tilted  ledges  of 
light-buff,  reddish-tinged,  laminated  sandstones  were,  observed,  dipping 
southwestward  at  an  angle  of  about  70°.    These  sandstones,  in  connec- 
tion with  the  apparently  overlying  quartzitic  sandstone,  form  a  heavy 
deposit,  which  rises  up  into  an  anticlinal  fold  in  Station  XLVI  ridge, 
with  sharp  dips  on  the  southwest,  but  much  more  moderate  inclination 
on  the  northeast  flank.    The  above  steeply-tilted  sandstones  arc  believed 
to  be  Primordial.     In  this  vicinity  were  observed  debris  exposures  ofT 
thin-bedded,  peculiarly  weathered  limestone,  recalling  the  Quebec  Group   - 
beds,  and  heavy  ledges  of  buff  magnesian  limestone,  holding  the  position  - 
of  the  Niagara,  appear  in  the  neighboring  heights.    This  locality  is  be-   - 
tween  two  and  three  miles  about  south-southeast  of  the  debouchure  ot    - 
Gros  Ventre  River.    The  nearlv  northwest  trend  of  the  axis  ot"  the  fold    - 
carries  it  out  into  the  region  of  Jackson's  lhisin  to  the  south  of  that 
X>oint,  where  all  these  strata  have  been  greatly  denuded  and  covered  by 
depositions  of  late  Tertiary  age. 

Sections  illustrative  of  the  foregoing  observations  on  the  geology  of 
this  region  are  given  in  the  accompanying  diagrams. 

THE  MOUNT  LEIDY  HIGHLANDS. 

North  of  the  Gros  Ventre  Mountains  there  occurs  a  rather  wide  belt 
of  highland  and  upland  plateau,  about  twelve  by  twenty  miles  in  extent, 
which  is  limited  on  the  south  by  the  Gros  Ventre  Kiver,  on  the  north  by 
the  Ihiflalo  Fork  and  l>lack  Kock  Creek,  on  the  west  by  Jackson's  l>asiu, 
and  to  the  east  it  rises  into  the  continental  watershed  of  which  it  forms 
the  western  flank  within  the  limits  designated.  This  area  is  traversed 
nearly  centrally  by  a  very  irregular  low  mountain  lidge  or  water-divide, 
which  culminates  in  two  conspicuous  summits  of  nearly  equal  altitude, 
to  the  westernmost  of  which  the  Snake  liiver  expedition  of  1872  gave 
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the  name  of  Mount  Leidy,  in  honor  of  the  distinguished  comparative 
anatomist,  and  which  may  be  used  to  designate  the  well-defined  high- 
land region  of  which  it  forms  so  prominent  a  topographic  feature.  For 
so  moderately  elevated  a  region  its  surface  features  are  exceedingly 
broken  and  diversified.  The  plateau-like  uplands  are  cut  by  narrow 
drainage  channels,  and  the  higher  ridges  are  carved  into  the  most  intri- 
cate forms  by  the  erosive  action  of  atmospheric  agents.  These  features 
offer  marked  contrast  to  the  massive  mountain  topography  of  the  region 
we  have  just  left,  and  this  fiuds  ready  explanation  in  the  equally  pro- 
nounced contrast  that  subsists  in  the  geological  features  peculiar  to  each. 
The  whole  region  is  pretty  well  covered  with  forests  of  pine  and  fir; 
indeed,  extensive  tracts  of  dense  timber  are  found  on  the  gentler  slopes, 
and  equally  large  areas  of  burnt  forests  are  grown  up  with  an  almost 
impenetrable  growth  of  young  pines.  The  upland  levels  are  also  thickly 
covered  with  groves  of  aspen,  interspersed  with  open  grazing-lands. 
The  steeper  mountain  summits  are  generally  perfectly  nude,  while  the 
lower  ridges  show  frequent  lines  of  bluffs  in  which  the  strata  are  revealed 
over  almost  the  entire  field.  Fortunately  this  circumstance  was  greatly 
in  our  favor,  but  for  which,  indeed,  we  should  have  brought  away  even 
less  satisfactory  data  than  what  rewarded  the  very  hasty  examinations 
which  we  were  compelled  to  bestow  upon  the  region. 

We  have  already  seen  that  the  mountain  range  to  the  south  of  this 
area  presents  a  barrier  of  uplifted  sedimentary  formations  composed  of 
Palaeozoic  and  in  part  of  Mesozoic  strata,  which  clip  northward,  the 
older  deposits  indeed  showing  only  a  limited  area  of  outcrop  north  of  the 
Gros  Ventre  River  in  the  vicinity  of  its  debouchure  on  the  border  of 
Jackson's  Basin.  The  Mesozoic  formations,  however,  in  the  lower  course 
of  the  Gros  Ventre  Valley,  at  least,  show  1  heir  full  development  in  the 
immediate  vicinity  of  the  stream,  extending  back,  northward,  where 
they  occupy  a  narrow  belt  in  the  southern  flank  of  the  Mount  Leidy 
highlands ;  but  to  the  eastward  they,  too,  reach  southward,  and  at  least 
the  "red  beds"  are  carried  high  up  on  the  northern  flank  of  the  Gros 
Ventre  Range,  as  has  been  already  observed. 

With  regard  to  the  nature  of  the  geological  formations  that  occur 
toward  the  sources  of  the  Gros  Ventre,  the  observations  made  by  Dr. 
Hay  den,  in  1860,  have  so  pertinent  a  bearing  on  the  subject  under 
present  consideration,  that  the  liberty  is  taken  to  transcribe  in  full  what 
he  has  recorded  on  the  geology  of  that  section  of  the  country.    Under 
date  of  June  5,  he  writes:*    "We  ascended  a  high  ridge,  from  which 
^we  could  see  to  a  great  distance.    Looking  to  the  dividing  crest  of  the 
Wind  River  Mountains,  we  find  the  exposed  belt  of  granite  to  be  not 
more  than  four  or  five  miles  in  width,  and  gradually  lost  in  the  basaltic 
or  eruptive  range,  which  also  renders  itself  conspicuous.    The  Tertiary 
l>eds  seem  to  reach  fully  up  to  the  crest  on  the  west  side  [in  the  vicinity 
of  Union  Pass],  and  often  passing    *    *    *    even  to  the  entire  divide 
of  the  mountains.    We  also  see,  high  up  on  the  flanks  of  the  mountains, 
A  full  series  of  the  more  recent  Tertiary  beds,  with  pinkish  bands,  pre- 
cisely similar  to  those  in  the  Wind  River  Valley.    These  pass  up  into 
yellow  sandy  marls  and  sandstone.    I  have  estimated  the  entire  thick- 
ness of  the  Tertiary  beds  on  the  west  side  of  the  mountains  at  1,200  to 
X,500  feet.    In  the  lignite  beds  and  vicinity  are  great  quantities  of 
**eleuite  and  silicified  wood.    All  over  the  highest  hills  near  the  crest  of 
t:lie  mountains,  10,000  feet  above  the  sea,  are  the  recent  Tertiary  beds. 

•Exploration  of  the  sources  of  the  Missouri  and  Yellowstone  Rivera,  under  the 
direction  of  Capt.  W.  F.  Reynolds.  Topographical  Engineers;  Geological  Report  by  F. 
V.  Hayden,  1869.    Reprint  U.  S.  Geological  Survey,  1872,  chap.  I. 
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A  large  portion  of  the  superficial  Tertiary  strata  incline  from  Wahsatch 
and  Green  Kiver  Mountains,  showing  that  these  deposits  were  probably 
disturbed  at  the  same  time  by  the  uplifts  of  these  ranges.  •  *  So  far 
as  we  have  yet  seen,  at  least  fifty  miles  of  the  dividing  crest  of  the 
mountains  [Wind  River  Range]  are  covered  with  Tertiary  rocks." 

The  Tertiary  dejwsits  above  referred  to  Dr.  Uayden  describes  in  the 
following  terms,  under  date  "June  1. — On  the  west  slope  of  the  Wind 
River  Mountains  [vicinity  of  Union  Pass]  we  meet  with  a  thick  dcjiotiit 
of  drift-  materials,  which,  as  we  descended  to  Gros  Ventres  Fork,  soon 
expanded  into  a  great  thickness  of  recent  strata,  evidently  quite  recent 
Tertiaiy.  *  *  *  I  should  think  that  this  formation  had  been  depos- 
ited after  the  surface  of  the  country  had  attained,  for  the  most  part,  its 
present  configuration.  The  strata  consist  of  loose,  fine  arenaceous  clays, 
the  layers  containing  more  or  less  arenaceous  matter,  which  does  not 
effervesce,  and  layers  of  harder  rock,  a  fine-grained  and  coarse  sandstone, 
and  sometimes  an  aggregation  of  grains  of  quartz  with  ferruginous 
matter  and  particles  of  mica.  The  materials  are  all  evidently  derived 
from  the  vicinity.  Some  of  the  masses  of  rock  present  a  compact,  tine 
siliceous  structure,  and  effervesce  feebly." 

Again,  under  date  ''June  1. — To-day  the  Tertiary  strata  begin  to  as- 
sume a  good  deal  of  importance.  We  have  the  brick-like  materials  which 
result  from  the  burning  out  of  the  lignite  beds.  There  were  also  masses 
of  indurated  clay,  covered  with  vegetable  remains,  and  impure  lignite 
beds;  indeed,  all  the  indications  which  the  lignite  Tertiary  beds  present 
on  the  east  side  of  the  mountains.  The  beds  are  also  much  disturlKMl, 
inclining  at  various  angles.  The  following  section  of  the  lignite  beds 
was  taken  here,  which  will  serve  to  show  their  resemblance  to  those  on 
the  eastern  side  of  the  mountains: 

H».  A  yellow,  fine-grained  sandstone  and  dark-gray  limestone  with  a 
parting  of  clay.  The  limestone  is  quite  brittle,  breaking  into  thin  lam- 
ina*, and  contains  impressions  of  dicotyledonous  leaves  and  a  distinct 
.species  of  I'nio.     l."»feet;  inclination,  2S°. 

'•s.  Light  -yellow  sandy  marl.     15  feet. 

u7.  Impure  lignite.     4  feet. 

<k0.  A  series  of  marlv  clavs,  which,  when  saturated  with  water,  form 
a  thick  paste,  variegated  in  color.  Xcar  the  summit,  just  below  the 
lignite,  is  a  thin  seam,  four  to  six  inches,  of  hard-shell  limestone,  with 
the  shells  in  the  most  comminuted  condition.  I  recognized  I'ninx,  Viri- 
jHirtiiti  &C,  sufficient  to  show  that  the  deposit  is  fresh-water.     l."*0  feet. 

"">.  Alternate  dark-gray  and  brown-yellow  gray,  fine  sandy  ami  clay 
layers,  with  some  calcareous  matter  and  a  few  seams  of  incoherent  saml- 

« 

stone,  sometimes  assuming  a  concretionary  character.     -00  feet. 
"4.  Impure  lignite  and  clay.     8  inches. 
".*>.  Yellowish-gray  clay.     4  feet. 
41  L\  Impure  lignite.     (>  inches. 
u  1.  Yellowish  clay  with  some  calcareous  matter.r 
"The  general  inclination  of  these  beds  is  about  L>0°.'w 
These  deposits  were  traced  westward  down  the  valley  of  the  Gros 
Ventre,  when*  they  evidently  pass  to  the  north  sale  of  the  stream,  along 
which   Dr.  Uayden  encountered  successively  Cretaceous,  Jurassic,  a::d 
the  arenaceous  "red  beds"  of  the  Triassic.  as  he  descended  the  valley 
to  Jackson's  Ilnsin.     The  lithologic  and  paleontological  characteristics 
of  tin4  latter  formations,  as  described  by   Dr.  Uayden,  show  them  to 
bear  intimate  resemblance  to  the  same  horizons  as  developed  on  the  east 
side  of  the  'Wind  liiver  Mountains.     A  section, representing  a  thickness 
of  between  .J00  and  400  feet,  represents  the  Cretaceous  as  made  up  of 
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sandy  marls,  clays,  sandstones,  and  occasional  limestone  layers,  includ- 
ing near  the  middle  several  layers  of  impure  lignite.  Arenaceous  ma- 
terial predominates,  and  the  lower  hundred  feet  has  a  gray  ashy  color. 

Overlooking  a  huge  part  of  the  southern  slope  of  the  Mount  Leidy 
highlands^  froin  Station  XLVI  on  the  south  side  of  the  Gros  Ventre 
Valley,  it  is  found  to  be  traversed  by  three  parallel  belts,  which  comprise 
so  many  rather  conspicuous  lithological  zones  parallel  to  the  longer  axis 
of  the  highlands.  The  first  belt  or  zone  is  composed  of  the  deep-red 
arenaceous  deposits,  banded  with  paler-colored  layers,  characteristic  of 
the  ured  beds"  or  Tiiassic.  These  deposits  present  their  edges  to  view 
in  a  line  of  beautifully-eroded  blufts  on  the  north  side  of  the  Gros  Ven- 
tre, the  strata  dipping  gently  northward.  Beyond  the  "red  beds," 
north,  the  slope  is  broken  by  long,  low  ridges,  in  the  southern  face  of 
which  light-drab  deposits  appear,  composed  apparently  of  shales  and 
arenaceous  beds,  with  perhaps  calcareous  indurated  bands,  and  a  heaver 
mass  of  brown-drab  firmer  material  above,  reaching  a  thickness  of  sev- 
eral hundred  feet  The  latter  deposits  form  a  belt  at  the  foot  of  the 
steeper  ascent  culminating  in  Mount  Leidy,  and  stretching  to  the  south- 
east, or  east-southeast,  where  they  occur  in  quite  prominent  ridges,  cut 
across  by  a  tributary  wluch  rises  in  the  hills  l>eyond.  Farther  on  in  the 
same  direction  they  do  not  appear  so  strongly  marked,  and  soon  puss 
from  view  behind  a  near  shoulder  on  the  northern  flank  of  the  Gros 
Ventre  Range.  These  beds  seem  to  dip  gently  to  the  northeast,  the  lino 
of  peculiarly  regular  escarped  ridges  in  which  they  outcrop  gradually 
rising  to  the  northwestward,  where,  however,  as  in  the  opposite  direc- 
tion, they  soon  cease  to  form  so  prominent  and  well-defined  topographic 
and  geological  features  as  seen  at  this  distance. 

In  the  intervening  nearer  slope  such  exposures  of  the  component  strata 
as  appear  seem  to  indicate  a  more  disturbed  belt,  in  which  the  beds  are 
sharply  folded  along  a  line  apparently  parallel  with  the  general  trend 
of  the  Gros  Ventre  uplift.  More  than  this  was  not  clearly  indicated. 
These  deposits  are  doubtless  the  same  as  those  described  by  Dr.  Hay- 
den  in  the  immediate  vicinity  of  the  Gros  Ventre.  The  disturbed  or 
folded  belt  may  include  the  later  Mesozoic  formations,  but  the  higher 
and  wider  belt  is  probably  wholly  composed  of  Tertiary  deposits,  in- 
cluding the  superior  lignitic  series  of  the  region. 

To  the  north  of  the  drab  belt  the  hills  are  less  regular  in  outline,  are 
more  eroded  into  sharp,  buttressed  ridges  and  deep  gullies,  dotted  with 
trees  and  patches  of  undergrowth.  These  hills  appear  to  be  composed 
entirely  of  the  brownish  ash-colored  deposits  above  and  lighter  ash  or 
drab  beds  with  comparatively  thin  beds  of  yellowish-buff  sandstone  be- 
low. They  form  a  heavy  deposit  a  thousand  feet  or  more  in  thickness 
in  the  cluster  of  hills  aroimd  Mount  Leidy.  So  far  as  could  be  deter- 
mined, these  strata  uniformly  incline  at  a  moderate  angle  northwards, 
and  such  undoubtedly  appears  to  be  their  dip  in  the  northern  slope  of 
the  highlands. 

The  foot-hills  along  the  western  side  of  this  highland  region  are  cov- 
ered with  a  fine  brown  soil,  with  scarcely  any  coarse  material  visible  in 
tlieir  surfaces ;  their  higher  slopes  generally  covered  with  pine  forests 
and  undergrowth.  A  few  miles  north  of  the  Gros  Ventre  the  foot-hills 
terminate  more  abruptly  on  the  terraced  plain  of  the  basin.  Obscure 
exposures  of  light  or  white  fragmentary  limestone  were  here  met  with, 
which,  from  the  similarity  in  color  and  texture,  was  taken  to  be  identical 
with  the  thin-bedded  limestone  occurring  in  the  late  Tertiary  deposits 
ia  the  vicinity  of  Station  XLV.    Similiar  patches  of  limestone  debris 
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occasionally  appear  in  the  surface  of  the  outlying  terrace,  as  has  already 
been  mentioned. 

In  the  ]M)int  south  of  the  Elkhom  white  arenaceous  deposits  outcrop 
in  the  hill-side  at  an  elevation  of  400  or  500  feet  above  the  stream.  In 
the  steep  northern  face  of  thin  ridge  the  same  beds  rise  gradually  to  the 
east,  or  rather  southeast,  and  in  the  broken  wooded  ridges  that  inter- 
vene between  Mount  Leidy  and  Jackson's  Basin  exposures  of  brownish- 
colored  deposits  show  here  and  there,  and  which  apparently  underlie 
the  before-mentioned  beds.  The  lower  slopes  of  these  hills  bordering 
the  valley  of  the  Elkhom  are  buried  under  accumulations  of  water- worn 
pebbles,  which  make  up  considerable  ridges  and  are  spread  over  all  the 
lower  portions  of  the  plateau  between  the  Elkhom  and  Buffalo  Fork, 
the  little  basin  into  which  the  former  stream  opens  showing  some  line 
examples  of  terracing  in  these  deposits.  These  loose  materials  are 
chiefly  com]>osed  of  quartzite  bowlders  and  pebbles  beautifully  rounded 
and  polished. 

Ascending  the  valley  of  the  Elkhom,  a  few  miles  above  the  Snake 
bottoms  its  valley  closes  up  in  a  narrow  gorge,  in  wliich  an  exposure 
of  a  couple  of  hundred  feet  of  strata  was  seen.  The  section  shows 
73  to  125  feet  of  fine  arenaceous  clays,  banded  in  thin  layers  of  light  and 
dark  drab  color,  with  rusty-buff  indurated  arenaceous  layers  and  soft 
concretionary  sandstone  al>ove,  and  containing  two  thin  seams  of  lig- 
nite, one  above  and  one  below,  the  strata  inclining  northward  at  angles 
of  from  12°  to  20°.  The  drab  clays  are  uneonfbrmably  overlaid  by  a 
variable  thickness  of  yellow  gravelly  earth  which  looks  like  a  Post-Ter- 
tiary deposit,  and  so  was  mentioned  in  a  preceding  page,  which  makes 
up  the  remaining  height  of  the  bluffs.  Curious  funnel-like  sinks  were 
noticed  in  the  drab  de]M>sits,  the  origin  of  which  is  not  clear ;  they  have 
the  appearance  of  having  been  caused  by  the  undermining  of  the  super- 
incumbent layers,  which  gave  way  on  all  sides,  curving  into  and  filling 
the  excavations.  Then*  was  no  indication  of  the  burning  out  of  coal 
seams,  by  which  this  effect  might  be  produced. 

The  extremely  broken  foot-hills  on  the  northern  declivity  of  Mount 
Leidy,  descending  to  the  Elkhorn,  exhibit  yellowish -buff  sandstones  and 
light-buff  to  white  indurated  beds,  which  gently  rise  up  and  form  the 
basis  of  the  peak.  The  latter,  as  also  its  principal  spurs,  is  composed 
of  light-brownish  or  ash-colored  deposits,  and  toward  the  summit,  in 
the  northwest  face,  appear  several  brownish  harder  ledges.  The  brown- 
ish deposits,  at  a  distance,  have  the  appearance  of  homogenous  line 
arenaceous  clays,  but  which,  it  is  suspected,  may  prove  to  be  identical 
with  a  remarkable  conglomerate  deposit  occurring  north  of  Buffalo 
Fork,  hereafter  to  lx»  noticed.  As  has  before  been  mentioned,  these 
deposits  also  occur  in  the  high  ridge  a  few  miles  to  the  east  or  southeast 
of  Mount  Leidy,  and  in  the  continuation  of  the  same  heights,  as  they 
approach  the  watershed,  lightbuff  earthy  or  arenaceous  dejwsits  are 
associated  with  the  ash-eolored  beds.  As  seen  from  Station  XLYULon 
the  north  side  of  Buffalo  Fork,  the  whole  northern  think  of  this  highland 
region  is  brought  into  view,  affording  an  opportunity  of  studying  its 
general  topographic-  and  geological  features.  The  brownish  ash-colored 
deposits  are  persistent  strut  igraphic  features  throughout  the  culminat- 
ing crests,  presenting,  in  their  style  of  weathering,  a  strikingly  peculiar 
appearance.  This  is  well  display  ed  in  the  view  of  Mount  Leidy  from  the 
latter  station.  The  mountain,  although  quite  isolated,  spreads  over  a 
considerable  space,  throwing  out  sharp,  partially  wooded,  and  beautifully 
sculptured  spurs,  differing  from  anything  hitherto  observed  in  the  dis- 
trict, though  it  is  repeated  in  similar  and  i>robably  identical  deiiosits  iu 
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the  region  to  the  north,  to  be  noticed  presently.  The  long  undulating 
slopes  descending  from  the  watershed  south  of  Black  Bock  Creek  reveal 
light-buff  arenaceous  deposits  wherever  the  surface  is  broken  by  the 
bluffs  and  not  concealed  by  forests,  which  latter  thickly  cover  the  more 
elevated  portions.  In  the*  bluffs  along  the  narrow  valley  of  the  Black- 
foot  appear  frequent  exposures  of  light-drab  clay  and  soft  buff-gray  sand- 
stones, which  weather  in  shelving  surfaces,  and  in  the  promontory  point 
at  the  confluence  of  the  Buffalo  Fork  buff  sandstone  ledges  outcrop, 
dipping  gently  northeastward. 

In  the  low  aspen-covered  upland  intervening  between  the  Elkhorn  and 
Buffalo  Fork  a  fair  section  of  these  strata  may  be  seen.  This  belt  pre- 
sents a  succession  of  south-facing  low  bluffs,  with  long  gentle  slopes  to 
the  northward,  a  conformation  of  surface  determined  by  the  character 
and  position  of  the  subjacent  rock  strata,  which  uniformly  dip  in  the 
direction  of  the  gentle  declivities.  In  the  lower  extension  of  the  bluffs 
north  of  the  Elkhorn,  light-brown  earth,  with  indurated  layers,  appears 
in  the  steep  slope,  which  is  strewn  with  the  water-worn  pebbles  and 
bowlders  that  enter  largely  into  the  composition  of  the  unconsolidated 
superficial  deposits  in  this  region.  Higher  up  the  valley  to  the  east  the 
bluffs  are  composed  of  rusty  and  light  buff  soft  sandstone,  bedded  in 
light-drab,  clayey  material,  dipping  northeastward  at  angles  of  from  10° 
to  15°.  In  the  next  ridge,  less  than  a  mile  north,  occur  rusty-buff,  shaly, 
and  concretionary  sandstones,  interbedded  with  softer  deposits  which 
weather  into  a  fine  light-brown  soil.  North  of  the  last,  a  similar  ridge 
shows  a  ledge  of  light-buff  sandstone  associated  with  thin  irregular  lay- 
ers of  rusty  ferruginous  sandstone;  and  in  a  still  higher  bluff,  the  north- 
ern slope  of  which  descends  to  Buffalo  Fork,  a  heavy  bed  of  soft,  light- 
buff  sandstone,  with  rusty  and  buff  indurated  layers,  appears  in  the 
upper  third  of  the  abrupt  acclivity,  forming  an  exposed  thickness  of  50 
to  100  feet,  associated  with  drab  and  brown  earthy  deposits,  the  disinte- 
gration of  which  produces  a  light-drab  loamy  soil.  The  latter  sandstone 
resembles  the  ledge  occurring  in  the  base  of  the  cone  of  Mount  Leidy. 
The  light  sandstones  outcrop  in  the  ravines  intersecting  the  aspen  ridges 
400  to  500  feet  above  the  Elkhorn.  Patches  of  "alkali"  soil  were  here 
met  with,  which,  together  with  the  excellent  pasturage,  may  account  for 
this  locality  being  a  favorite  resort  of  elk  and  deer,  the  abundance  of 
whose  antlers  scattered  over  these  uplands  suggested  the  name  of  the 
above-mentioned  stream.  The  higher  upland  slopes  also  are  strewn  with 
more  or  less  drift  material,  consisting  of  thoroughly-rounded  quartzite 
and  gneiss  bowlders  and  occasional  fragments  of  basalt. 

The  exposures  above  alluded  to  are  represented  in  an  accompanying 
diagram,  in  which  an  attempt  is  made  to  show  their  probable  relations  to 
the  deposits  occurring  in  the  mountain  borders  on  the  north  and  south. 

BUFFALO  FORK  AND  SNAKE  RIVER  DIVIDE. 

The  lower  course  of  the  Buffalo  Fork  winds  through  a  beautiful  valley 
for  the  distance  of  about  eight  miles,  when  it  expands  into  the  Snake 
bottoms,  east  of  the  outlet  of  Jackson's  Lake.  The  valley  is  occupied 
by  low  terraces,  and  rather  wide  alluvial  bottoms,  with  extensive  tracts 
of  wet  meadow-land,  interspersed  with  thickets  of  willows.  Along  the 
north  side  the  hills  are  bolder  than  the  south-side  upland  border,  and 
are  well  wooded  with  pines  and  spruces,  and  at  many  points  in  the  some- 
what broken  declivity  limited  exposures  of  their  component  strata  appear. 

Below  the  mouth  of  Black  Bock  Creek  a  line  of  highish  bluffs  borders 
the  right  bank  of  the  river  for  a  short  distance,  in  which  a  thickness  of 
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21.  Gray-buff  sandstone,  in  places  thin-bedded,  imperfectly  exposed, 
probably  a  heavy  bed,  elevation  about  1,000  feet  above  the  river. 

22.  High  bench,  strewn  with  water- worn  gravel  and  bowlders  of  all 
sorts  of  rock,  elevation  1,200  to  1,300  feet. 

23.  Heavy-bedded  buff  sandstone,  25  feet  exposed ;;  dip,  10°  to  159, 
northeastward.    Elevation  about  1,500  feet. 

24.  Slope,  covered  with  drift  materials. 

25.  Brown  and  buff  shaly  sandstone,  elevation  1,660  feet. 

26.  Brownish  drab  clay  and  drift-covered  slope. 

27.  Heavy  conglomerate  deposit  crowning  the  divide,  and  eroded  into 
knobs.  This  deposit  is  made  up  almost  entirely  of  thoroughly  water- 
worn  pebbles  and  small  bowlders  of  white  to  red  quartz  and  quartzoso 
rock,  gneiss  and  granite  being  sparsely  represented.  A  brownish,  indu- 
rated, arenaceous  material  forms  the  paste  or  cementing  medium  hold- 
ing the  cobble-stones,  which  latter  are  weathered  out  in  immense  quan- 
tities in  the  slopes. 

There  can  be  no  question  as  to  the  epochal  identity  of  the  sandstones 
and  ashy  or  drab  clays  shown  in  the  above  section  with  the  deposits 
occurring  in  the  upland  south  of  Buffalo  Fork.  But  no  clew  as  to  the 
age  of  the  heavy  mass  of  water- worn  bowlders  and  pebbles  crowning 
the  heights  in  the  vicinity  of  Station  XLVIII  was  obtained.  The  lat- 
ter deposits,  it  seems,  prevail  over  a  considerable  area  of  this  high  water- 
divide?  extending  over  to  the  region  about  the  sources  of  the  Snake,  a 
few  miles  to  the  north,  where  Professor  Bradley  mentions  their  occur- 
rence in  the  following  terms :  "Ascending  the  high,  sharp  ridge  on  the 
west  side  of  this  valley  [the  Snake  rises  in  a  "flat  valley-divide"],  at 
least  500  feet  high,  we  find  its  slopes  to  consist  entirely  of  large  and 
small  well-rounded  pebbles  of  variously-colored  quartzites  up  to  the  very 
summit,  where  this  deposit  is  just  pierced  by  an  outcrop  of  the  gray 
trachy  tic  lavas  and  red  basalt,  partly  vesicular,  though  mostly  compact, 
which  form  the  nucleus  of  the  ridge.  We  here  stood  upon  one  of  the 
highest  points  in  that  neighborhood,  about  8,054  feet  [0,009  feet,  subse- 
quent determination  recorded  ou  Professor  Bradley's  geological  mapj 
above  the  sea ;  so  that  we  were  entirely  at  a  loss  as  to  the  source  from 
which  had  flowed  the  large  river  which  had  distributed  such  immense 
amounts  of  gravel  and  sand.  The  deposit  is  evidently  very  ancient,  but 
no  considerable  consolidation  had  taken  place."  *  *  *  "Passing 
westward  the  quartzite-gravel  continues  for  several  miles,  though  the 

muss  of  all  the  ridges  is  composed  of  a  coarse  volcanic  breccia."     

The  inclination  of  the  conglomerate  in  the  vicinity  of  Station  XL  V  111 
could  not  be  satisfactorily  determined.  The  crest  of  the  ridge,  which 
extends  in  a  north-south  course  about  a  mile,  perhaps  mote,  is  eroded 
into  knobs  strewn  with  cobble-stones,  and  studded  with  dwarf,  storm- 
rent  pines,  firs,  and  cedars.  It  presents  in  these  respects  a  feature  en- 
tirely unique  in  our  experience  in  this  region,  recalling  late  Post -Tertiary 
accumulations  found  in  other  regions ;  indeed,  the  loose  materials  are 
physically  identical  with  those  forming  the  terraces  and  occurring  in 
the  beds  of  all  the  streams  flowing  into  Jackson's  Basin  from  this  quar- 
ter. The  west  side  of  the  ridge  falls  steeply  into  a  deep  valley,  the 
slopes  densely  wooded,  and  showing  here  and  there  slides,  at  the  foot  of 
which  the  cobble-stones  are  piled  in  great  heaps.  This  valley  apparently 
flows  out  into  that  to  which  the  name  Big  Bend  Creek  was  applied  by 
the  Snake  River  expedition  of  1872,  and  its  sources  are  the  same  as  the 
stream  to  which  Captain  Jones,  the  following  year,  gave  the  name  Pa- 
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cific  Creek.    Its  bed  here  is  occupied  by  a  narrow  flat  in  which  the 
stream  is  ponded  by  beaver-dams. 

Station  XLVIII  gives  a  good  view  of  the  siirronnding  conntry,  from 
which  much  important  information  may  be  gained  relative  to  the  gen- 
eral character  and  distribution  of  the  geological  formations  occurring 
therein.    Looking  westward,  the  southern  declivity  of  the  mountain- 
ous divide  north  of  Buffalo  Fork  and  Pacific  Creek  is  traced  to  the  angle 
where  the  hills  trend  round  to  form  the  eastern  boundary  of  Jackson's 
Basin  opposite  and  north  of  the  lake.    At  the  point  where  the  slo]K?8 
pass  round  out  of  sight  a  pair  of  small  lakes  lie  within  the  higher  and 
older  terrace  area  at  the  foot  of  the  mountain,  which  Professor  Bradley 
describes  as  bayous  of  the  ancient  abandoned  channel  of  the  Snake. 
Beyond  lie  the  glistening  waters  of  Jackson's  Lake,  and  the  mqjestic 
wall  of  the  T6ton  Range  seems  close  at  hand,  though  really  more  than 
15  miles  away.    This  southern  slope  of  the  divide,  probably  in  the  vicin- 
ity of  the  twin  lakes,  shows  a  low  outlying  hill  made  up  of  a  brown 
earthy  (?)  deposit  which  is  weathered  very  like  deposits  of  similar  api>ear- 
ance  occurring  in  Mount  Leidy  and  the  high  hills  to  the  east.    Between 
the  latter  locality  and  the  high  river  bluff*  near  the  upper  end  of  the 
lower  valley  of  Buffalo  Fork  described  above,  in  the  recess  formed  by 
the  entrance  of  the  valley  of  Pacific  Creek,  the  hills  are  low  and  show 
exposures  of  buff-yellow  sandstones,  like  those  in  the  river  bluff  al>ove. 
These  sandstones  are  often  gray  and  generally  coarse-grained,  recalling 
Laramie    Group  deposits  in  the  Snake  River  and  Caribou  Ranges, 
although  they  are  doubtless  more  recent.    The  exposures  of  u  gray  and 
buff,  fine-grained,  shaly  sandstones"  described  by  Professor  Bradley,  as 
mentioned  in  a  preceding  page,  that  outcrops  near  the  mouth  of  Buf- 
falo Fork,  probably  belong  to  the  same  series.    Professor  Bradley  also 
mentions  in  the  adjacent  slopes  the  occurrence  of  "partially-cemented 
Post-Tertiary  sands  and  gravels,  with  occasional  exposures  of  white 
marly  clays,  supposed  to  be  of  the  same  age,  though  no  fossils  were 
seen."    The  latter  deposits  are  clearly,  in  part  at  least,  identical  with 
before-mentioned  strata  occurring  in  the  vicinity  of  the  Upper  and 
Lower  Gros  Ventre  Buttes,  but  the  gravel  beds  would  hardly  be  lvferred 
to  the  deposits  which  make  up  the  bulk  of  the  hills  north  and  south  of 
the  lower  course  of  Buffalo  Fork,  though  they  may  belong  to  the  singu- 
lar conglomerate  whose  appearance  has  already  l>een  mentioned  in  the 
summit  of  Station  XLVIII.    The  disturbed  condition  of  the  sandstones 
at  the  mouth  of  Buffalo  Fork  contrasts  with  the  uniformlv  moderate  and 
apparently  regular  inclination  of  the  soft  sandstones  occurring  in  the 
adjacent  hills  either  side  of  the  Buffalo  Fork,  with  which,  however,  they 
offer  close  agreement  lithologically. 

To  the  northwestward  of  {Station  XLVIII,  the  slopes  in  the  opposite 
side  of  Pacific  Creek  rise  into  a  high,  short  mountain  ridge,  perhaps  three 
or  four  miles  distant,  forming  a  prominent  landmark,  which  we  had  had 
in  view  since  entering  Jackson's  Basin.  Its  southern  face  presents  es- 
carped walls  sustained  by  bulky  buttresses  in  which  the  bared  strata  aw 
intricately  sculptured  by  the  elements.  These  apparently  consist  of  a 
heavy  conglomeritic  deposit,  in  appearance  laminated  or  thin-bedded, 
rusty  yellow-buff  and  drab,  with  indurated  arenaceous  bands,  reaching 
a  thickness  of  000  feet  or  more,  which  rest  upon  a  heavy  bed  of  light- 
buff  arenaceous  rock,  probably  soft  sandstone,  showing  an  exposed  thick- 
ness of  50  to  1 00  feet  above  the  steep  talus.  The  inclination  is  gently 
northeastward.  The  outlying  foot-hills  on  the  south  are  much  cut  up  by 
the  wash,  and  are  well  wooded,  showing  only  now  and  then  exposure* 
of  buff'  arenaceous  deposits,  until  approaching  the  bluffs  on  the  north 
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side  of  the  stream,  in  which  a  thickness  of  a  conple  of  hundred  feet  of 
yellowish  and  drab  arenaceous  clays  and  sandstones  outcrop,  passing 
under  the  above  deposits,  and  which  belong  to  the  series  included  in 
the  section  in  the  outlying  slopes  south  of  Station  XLVIII.  The  gen- 
eral similarity  of  the  heavy  drab  deposits  in  the  crest  of  the  ridge  with 
those  in  Mount  Leidy,  strongly  suggests  their  probable  stratigraphic 
identity,  and  to  which  belongs  the  remnant  capping  Station  XLVIII. 

To  the  left  of  the  above  mountain  is  seen  another  high,  massive  sum- 
mit forming  the  divide  a  few  miles  to  the  west,  the  eastern  face  of  which 
is  broken  down  in  cliffs  of  dark,  rusty -weathered  strata  inclining  gently 
west  or  southwestward,  the  nature  of  which  could  not  be  satisfactorily 
made  out  at  this  distance.  From  the  low  Tertiary  uplands  south  of 
Buffalo  Fork  the  southern  aspect  of  the  latter  mountain  is  rounded,  dis- 
playing brownish,  earthy-looking  deposits.  From  this  point  of  view  the 
mountain  is  seen  to  form  one  of  the  heights  of  the  divide,  in  a  depression 
of  which  between  this  and  the  first-mentioned  ridge  appear  more  dis- 
tant mountain-crests  to  the  north,  bearing  reddish-brown  ledges,  and 
which  may  belong  to  the  volcanic-crowned  ridges  found  by  Professor 
Bradley  on  the  northern  edge  of  this  divide  at  the  head  of  Coulter's 
Greek.  In  the  latter  quarter  he  observed  the  prevalence  of"  gray  tra- 
chytic  lavas  and  red  basalt "  and  "  rapidly-disintegrating  volcanic  rocks, 
mostly  conglomerates  of  trachytic  porphyry,  obsidian,  &c,"  the  latter 
evidently  belonging  to  the  volcanic  series  which  is  so  largely  developed 
in  the  watershed  farther  east.  Light-grayish  deposits,  probably  sand- 
stones, are  exposed  in  the  summits  of  the  more  massive  and  mountain- 
ous portion  of  the  divide  still  to  the  west,  where  their  outcropping  edges, 
facing  the  south;  are  nearly  horizontal.  Farther  on,  the  mountain-crest 
shows  similar  light-grayish  strata  inclined  gently  in  the  direction  of 
Jackson's  Basin,  and  just  beyond  they  again  rise  to  the  westward, 
forming  a  shallow  synclinal  in  the  vicinity  of  the  elevated  summit  which 
marks  the  angle  at  the  point  where  thb  divide  trends  round  more  to  the 
north. 

Throughout  this  portion  of  the  divide  there  are  no  evidences  of  great 
disturbance,  the  dips  apparently  not  exceeding  15°,  and  generally  much 
less.  But  larther  north,  where  the  ridge  sinks  beneath  the  volcanic 
plateau  of  the  lake  region  in  its  northwestern  Hank,  opposite  the  conflu- 
ence of  Lake  Fork  and  the  Snake,  the  sedimentary  deposits  rise  at  a 
steep  angle  to  the  northwest,  bringing  to  view  a  belt  of  Palseozoic  in  the- 
foot  of  the  mountain.  The  latter  is  described  by  Professor  Bradley,  from 
observations  made  by  Mr.  Taggart,  as  follows:*  "At  the  base  lie  about 
200  feet  of  white  and  light-gray  quartzites,  overlaid  by  from  500  to  GOO- 
feet  of  light-drab  and  dark-gray  limestones,  and  about  100  feet  of  gray 
sandstones,  followed  by  heavy  ljeds  of  red,  shaly  sandstones,  apparently 
the  same  as  those  seen  liigher  up  the  river.  1  am  not  satisfied  as  to  the 
age  of  either  the  limestone  or  the  quartzite  "  [colored  on  the  map  accom- 
panying the  report,  Quebec  and  Potsdam].  "  The  ridge  is  capped  by- 
beds  of  porphyritic  trachytes,  having  a  dip  of  about  30°  to  the  south- 
east, while  the  limestones  beneath  dip  about  40°  in  the  same  direction,. 
showing  that  their  tilting  commenced  before  the  deposition  of  the  tra- 
chytes." About  seven  miles  above  the  mouth  of  Lake  Fork,  Professor' 
Bradley  notes  the  occurrence  of  "  red,  shaly  sandstones,  containing  no 
ibssils  beyond  indistinct  fucoidal  markings,  which  are  referred  with. 
doubt  to  the  Triassic  period.  The  gray  beds  of  the  lower  part  of  the- 
aeries  make  their  appearance  in  the  lower  end  of  the  caiion."    These  de- 

#  U.  8.  Geol.  Survey  of  the  Territories,  1872,  p.  259. 
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posits  are  represented  as  forming  a  belt  a  mile  in  width  where  they  cross 
the  Snake,  rising  above  the  basaltic  flow  which  here  fills  the  valley. 

To  the  sonth  and  east  of  the  latter  locality  Professor  Bradley  found  a 
wide  area  of  country  occupied  by  the  volcanic  deposits,  on  the  one  hand 
reaching  up  to  the  crest  of  the  dividing  ridge,  and  on  the  other  extend- 
ing over  into  the  Elk  Ridge  between  the  Snake  and  Barlow's  Fork.  In 
the  valley  and  slopes  of  the  latter  stream,  towards  its  head,  a  considera- 
ble patch  of  Tertiary  was  met  with,  to  which  Professor  Bradley  alludes: 
u  About  two  miles  below  the  falls  we  began  to  find  outcrops  of  a  fine- 
grained, ferruginous,  laminated  sandstone,  destitute  of  fossils,  but  prob- 
ably of  Tertiary  age.  Some  of  the  layers  showed  abundant  ripple-marks. 
At  the  falls  the  rock  is  heavy-bedded.  The  dips  are  mostly  about  22°, 
varying  somewhat  on  either  side  of  due  east  Just  above  the  falls,  and 
opposite  to  our  camp,  four  thin  layers  of  coal,  varying  from  one  inch  to 
six  inches  in  thickness,  and  two  layers  of  clay  ironstone  (iron  carbonate), 
varying  from  six  inches  to  one  foot  in  thickness,  are  all  included  within 
ten' feet  of  shales.  *  *  *  The  upper  slopes  of  the  ridge  on  either 
side  [of  the  valley-basin]  are  mostly  bare  of  timber,  and  many  parts  of 
them  are  badly  washed.  Those  on  the  east  are  composed  of  mostly 
thin-bedded  sandstones,  probably  of  Tertiary  age,  at  least  2,000  feet 
thick,  with  variable  southeasterly  dips.  A  few  red  layers  appear,  but 
the  majority  of  them  are  gray.  No  fossils  were  found,  though  careful 
search  was  made  for  them." 

The  eastern  face  of  Station  XL VIII  ridge  abruptly  falls  to  the  level 
of  a  high  sloping  plateau  occupying  the  interval  between  this  point  and 
the  high  mountain  north  of  Buffalo  Fork  Peak.    This  plateau  falls  in  a 
succession  of  uneven  benches  to  the  lower  cafioned  course  of  Buffalo 
Fork,  its  surface  covered  with  grassy  slopes  interspersed  with  conifers  and 
groves  of  aspen.    The  contour  and  occasional  exposures  of  light-buff 
deposits  denote  the  Tertiary  character  of  this  slope,  which  reaches  up  to 
the  divide  between  Buffalo  Fork  ftnd  Pacific  Creek,  and  doubtless  once 
extended  over  to  the  northward,  connecting  with  the  Tertiary  deposits  in 
the  upper  basin  of  Barlow's  Fork.    Along  the  northern  foot  of  this  slope, 
in  the  lower  canon  of  Buffalo  Fork,  nearly  continuous  exposures  of  light- 
buff  arenaceous  beds  appear,  extending  several  miles  to  the  east  until 
arrested  by  the  massive  mountain  barrier  which  forms  the  portals  to  the 
upper  or  mountain  course  of  this  stream.    These  deposits  are  mentioned 
by  Professor  Bradley,  from  notes  communicated  by  Mr.  Bechler,  as  fol- 
lows :  "About  12  miles  up,  the  valley  narrows  to  a  caiion  from  350  to  400 
feet  deep  by  from  50  to  200  feet  wide,  for  about  three  miles,  with  coarse 
gray  sandstone  walls.    About  one  and  a  half  miles  of  a  rounded  basin,  with 
beaver-dams,  then  intervenes  before  reaching  the  second  canon,  which 
has  nearly  the  same  character  as  the  first  and  is  about  two  miles  long. 
A  broad  basin  succeeds,  from  five  to  seven  miles  across,  reaching  up  to 
the  foot  of  the  high  vertical  limestone  walls,    •    •    •    whose  rugged 
crest  shows  plainly  from  the  mouth  of  the  valley." 

Light-colored  deposits  resembling  the  above  Tertiary  beds  reach  well 
up  on  the  flanks  of  this  mountain  barrier  on  either  side  of  the  gorge 
through  which  flows  the  Buffalo  Fork,  where  they  rest  apparently  un- 
conformably  upon  earlier  Mesozoic  formations  and  possibly  the  Carbon- 
iferous. They  do  not  appear  to  be  present  far  within  the  entrance  to 
the  gorge,  although  Professor  Comstock  notes  the  occurrence  of  similar 
beds  higher  up  to  the  north-northeast,  in  the  divide  between  Lava  Creek 
and  the  upper  course  of  Pacific  Creek,  where  they  dip  southwest  at  an 
angle  of  57°,  "and  in  the  caiion  of  Buffalo  Fork,  just  below  Camp 56, 
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similar  beds  with  additional  members  are  found  dipping  in  the  opposite 
direction  80°.  Between  these  points  no  Cretaceous  exposures  were  no- 
ticed, but  judging  from  the  dips  of  the  lower  sedimentary  strata,  which 
were  observed  on  Lava  Creek  between  Camps  55  and  5G,  there  must  be 
one  or  more  folds  intervening."*  Also  reference  is  made  to  u  the  coal- 
bearing  series  on  Buffalo  Fork.  The  strata  containing  the  coal  are  nearly 
vertical  and  in  folds,  so  that  the  beds  are  several  times  exposed  in  the 
canon  within  a  short  distance.  Much  of  the  coal  is  very  good.-f 
Professor  Comstock  regarded  all  these  strata  as  of  Cretaceous  age.  From 
the  above  observations  it  would  appear  that  these  deposits  had  been 
greatly  disturbed  by  elevatory  forces  seated  in  the  Buffalo  Fork  Mount- 
ain, which  refers  this  uplift  to  a  late  date.  Other  stratigrapical  appear- 
ances observed  in  the  northwest  flank  of  this  mountain  group  will  be 
noticed  farther  on. 

Sufficient  has  been  observed  to  show  that  the  bulk  of  the  divide  be- 
tween the  Buffalo  Fork  and  the  drainage  flowing  north  into  the  upper 
course  of  the  Snake  is  made  up  of  the  soft  arenaceous  clays  and  sand- 
stones of  this  lignite-bearing  series  of  probable  Tertiary  age.  Professor 
Comstock  is  not  quite  sure  as  to  their  stratigraphical  identity,  but  from 
lithologic  resemblances  and  the  presence  of  coal,  he  was  induced  to  re- 
fer them  to  horizons  in  the  Wind  River  region  which  he  determined  pos- 
sess close  affinities  with  the  Cretaceous.  These  deposits,  which  attain  a 
great  thickness,  probably  above  3,000  feet,  apparently  occupy  an  exten- 
sive basin  whose  limits,  so  far  as  they  have  been  traced,  are  defined  by 
the  T6ton  Range  on  the  west,  the  Gros  Ventre  Range  on  the  south,  and 
on  the  north  their  present  limits  correspond  with  the  uplifted  Palaeo- 
zoic belt  in  the  vicinity  of  the  confluence  of  Lake  Fork  and  the  Snake, 
which  appears  to  be  the  remnant  of  the  southeast  flank  of  a  great  fold, 
the  crest  of  which  has  suffered  almost  complete  demolition  by  denuding 
agencies,  and  was  finally  buried  beneath  a  vast  accumulation  of  volcanic 
materials  in  the  region  of  the  plateau  of  the  Continental  water-shed.  To 
the  northeast  they  pass  beneath  the  volcanics  which,  according  to  Pro- 
fessor Comstock,  compose  the  crests  of  the  Shoshone  Range  and  an 
extensive  mountainous  region  to  the  east  at  the  sources  of  Gray  Bull 
and  Stinking  Water  Rivers,  and  which,  to  the  west,  as  seen  from  Station 
XL VIII,  constitute  the  elevated  watershed  ridge,  in  which  great  escarp- 
ments oi  the  peculiarly  banded  gray  and  sombre  volcanics  appear,  dip- 
ping slightly  northeastward,  and  eroded  into  broad-based  peaks  and  lofty 
promontories. 

In  the  midst  of  this  basin  rises  the  apparently  isolated  cluster  of 
mountains  which  culminates  in  Buffalo  Fork  Peak.  This  group  seems 
to  be  quite  disconnected  from  the  surrounding  mountain  ranges,  form- 
ing a  great  dome-shaped  mass,  the  upheaval  of  which  has  brought  to 
view  the  metamorphic  nucleus,  several  hundred  feet  of  which  are  re- 
vealed in  the  rugged  walls  of  the  canon  of  Buffalo  Fork.  But  to  the 
east  of  this  group  the  connection  of  the  Tertiary  deposits  with  similar 
beds  at  the  head  of  Wind  River  Valley  is  lost  beneath  the  southern  ex- 
tension of  the  before-mentioned  volcanics  in  the  neighborhood  of  To- 
gwotee  Pass ;  to  the  south  of  which;  however,  they  reappear  in  the  ridges 
of  the  Mount  Leidy  highlands  which  sweep  up  on  and  in  places  even 
crown  the  summit  of  the  watershed  between  the  Togwotee  and  Warm 
Water  or  Union  Passes,  as  was  inferred  by  Dr.  Hayden. 

•Report  upon  the  Reconnaissance  of  Northwestern  Wyoming,  under  Capt.  Wm.  A. 
Jones,  Engineers  U.  S.  A.,  1873 ;  Geological  Report  by  Prof.  Theo.  B.  Comstock,  p.  120, 
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The  northern  or  northeast  face  of  the  mountain  breaks  down  in  mural 
cliffs  and  steep  inclines  into  the  large  amphitheatre,  whose  undulating 
defrro-covered  surface  steeply  slopes  to  the  Buffalo  Fork.  The  upper 
200  feet  or  so  of  the  strata  exposed  in  this  wall  consists  of  gray  lime- 
stone, the  lower  part  tinged  with  red,  underlaid  by  an  exposed  thickness 
of  about  60  feet  of  shaly  or  thin-bedded,  fragmentary,  drab,  buff-mottled 
limestone,  charged  with  Trilobites  and  other  Lower  Silurian  fossils, 
probably  of  the  age  of  the  Quebec  Group.  The  lower  and  upper  lime- 
stones grade  one  into  the  other  without  apparent  non-conformity  or  the 
intervention  of  clayey  beds  of  passage,  although  the  paleontological 
transition  is  sharply  interrupted  and  well  defined.  If  the  Niagara  is 
present  at  all,  it  here  attains  meagre  development  and  was  not  recog- 
nized by  its  fossils.  The  last-mentioned  limestone  rests  upon  a  heavy 
deposit  composed  of  bluish-drab  shales,  with  brown-gray  shaly  sand- 
stone layers  containing  a  small  Orbiculoid  brachiopod  in  great  abundance. 
This  deposit  may  reach  a  thickness  of  100  feet,  though  its  exact  vertical 
extent  was  difficult  to  determine. 

At  the  eastern  foot  of  the  steep  descent  of  the  station  commences  a 
broad  ridge  gradually  rising  to  the  eastward  into  the  summit  of  Buffalo 
Fork  Peak,  and  which  forms  the  southern  wall  of  the  amphitheatre.  Its 
crest  is  loaded  with  the  shales  last  mentioned  above,  broadly  rounded 
and  gradually  steepening  on  the  south-side  slope,  wliile  the  opposite  side 
steeply  descends  to  the  brow  of  the  inferior  limestone,  which  forms  a 
low  precipice  or  wall  of  bluish  and  dark-drab,  rough-weathered,  thin- 
bedded,  brecciated  limestone,  dirty  yellow  below,  50  to  75  feet  high. 
This  bed  determines  the  form  of  the  connecting  ridge,  although  it  does 
not  quite  reach  the  summit  of  the  main  peak,  which  is  capped  by  a  flat, 
bald  dome;  showing  a  thickness  of  75  feet  or  more  of  the  inferior  portion  of 
the  overlying  shales.  The  latter  here  show  yellow  sandy  micaceous  clay, 
intei  laminated  with  indurated  shaly  arenaceous  layers  charged  with 
the  little  Orbiculoid  shell,  and  thin  plates  of  dirty  drab  limestone  con- 
taining fragmentary  remains  of  Trilobites  and  covered  with  peculiar 
branching  bodies  weathered  in  relief,  which,  though  apparently  struct- 
ureless, resemble  certain  ramose  forms  of  Chcetetes. 

A  bold  spur  puts  out  from  the  northern  side  of  the  peak,  its  foot 
terminating  in  a  much  lower  but  rugged  point  overlooking  the  canon  of 
Buffalo  Fork,  the  peculiar  rough,  jagged  style  of  weathering  and  the 
rusty-brownish  sombre  hue  of  the  rock  of  which  it  is  composed  deter- 
mining its  metamorphic  crystalline  character.  It  is  much  contorted,  and 
reaches  a  height  of  800  feet  or  more  above  the  stream.  The  lower  lime- 
stone runs  out  in  the  spur  a  short  distance,  its  lower  layers  of  a  dirty 
brown-gray  and  yellowish-stained  color,  which,  near  the  extreme  point 
of  the  exposure,  shows  a  dip  S.  30°  W.  at  an  angle  of  48°.  It  is  under- 
laid by  yellow  shales,  which  rest  upon  a  heavy  bed  of  dark  brownish-red 
and  light-gray  laminated  quartzite,  with  conglomerate  layers.  This 
deposit  exhibits  an  exposed  thickness  of  50  to  100  feet,  and  flattens  out 
toward  the  north,  where,  in  the  terminal  bench  of  its  outcrop,  the  dip  is 
about  10°,  W.  5°  N.  The  base  of  the  ledge  is  concealed  by  the  steep 
talus  of  debris.  The  east  and  northeast  face  of  Buffalo  Fork  Peak  also 
breaks  down  in  precipices  of  Quebec  limestone  and  the  quartzite.  High 
up  on  the  southeast  flank  of  the  mountain  reclines  a  huge  mass  of  steeply 
inclined  strata  composed  of  the  Upper  Quebec  limestone  and  the  buff-gray 
rusty  reddish-stained  Carboniferous  limestone,  which  form  a  heavy  plat- 
ing facing  the  valley  of  Black  Rock  Creek.  This  mass  of  tilted  strata 
forms  a  rather  conspicuous  feature  of  the  mountain,  both  as  seen  from 
below  as  also  from  the  neighborhood  of  Togwotee  Pass. 
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Buffalo  Fork  Peak,  which  reaches  an  altitude  of  10,200  feet,  approxi- 
mately, above  the  sea;  offers  an  extensive  view  of  the  surrounding 
country,  and  the  isolation  of  the  great  dome-shaped  uplift  of  which  it  is 
the  culmination,  is  most  clearly  brought  out.  To  the  north,  beyond  the 
deep  gorge  traversed  by  Buffalo  Fork  in  its  passage  across  this  mountain 
uplift,  the  corresponding  northern  half  of  the  mass  shows  as  a  great 
half-dome,  over  the  summit  of  which  the  Quebec  Group  limestones  are 
curved  from  west  to  east.  In  the  central  portion  of  the  uplift  the 
Archaean  nucleus  forms  a  lofty  bench,  in  whose  rugged  caiion-face  the 
gneissose  rocks  present  precipitous  exposures  several  hundred  feet  in 
height.  On  either  flank  reclines  the  Carboniferous,  the  inferior  red- 
stained  beds  forming  a  marked  and  easily  traced  horizon.  The  latter 
deposits  slope  quite  regularly,  with  a  moderate  inclination  on  the  eastern 
side,  where  they  are  seen  on  either  side  of  the  broad  mountain  basin, 
gradually  descending,  and  forming  with  the  Quebec  limestones  lines  of 
low  mural  exposures.  These  extend  a  considerable  distance  up  the  val- 
ley of  both  the  main  stream  to  the  eastward  and  that  of  Lava  Creek  to 
the  northeast,  above  which  the  slopes  are  broken  and  do  not  reveal  sat- 
isfactory exposures  at  this  distance. 

But  on  the  western  flank  of  the  mountain  an  interesting  series  of 
strata  appears,  all  inclining  off  the  mountain  slope,  exhibiting  as  seen 
from  this  point  the  following  lithological  appearances :  First  appears  a 
heavy  mass  of  Carboniferous  limestone,  which  forms  a  sort  of  abrupt 
foreland  reaching  well  up  on  the  western  flank  of  the  mountain,  and  de- 
scending into  the  narrow  valley  of  a  small  tributary  which  gains  the 
north  bank  of  Buffalo  Fork  a  short  distance  below  the  great  gorge.    In 
the  opposite  acclivity  of  this  little  valley  appears  a  set  of  strata,  which 
probably  represent  the  siliceous  beds  in  the  upper  part  of  the  Carbon- 
iferous.   The  upper  portion  of  this  slope  shows  a  heavy  deposit  of  deep 
red  beds,  interspersed  with  beautiful  green  herbage-clad  slopes,  the 
stratigraphic  position  and  lithological  character  of  which  refer  them 
with  little  doubt  to  the  Triassic.    In  the  gentler  western  slope  apj>ear 
less  distinct  exposures  of  light-drab  deposits,  with  interlaminated  in- 
durated, probably  calcareous,  layers,  which  may  pertain  to  the  Jurassic. 
And  in  the  undulating  slopes  intervening  between  this  point  and  Station 
XLVIII,  the  light  and  buff-gray  arenaceous  clays  and  sandstones  of  the 
Tertiary  succeed,  as  has  already  been  noted  in  connection  with  the  ob- 
servations made  at  that  locality.    The  Carboniferous  and  Mesozoic  beds 
incline  at  a  rather  steep  angle  to  the  westward,  and  appear  to  fold  round 
the  northern  flank  of  the  mountain,  in  the  slopes  descending  into  tbe 
valley  of  Pacitic  Creek.    This  feature  was  especially  remarked  from 
Station  XL VI II,  from  which  point  of  view  a  high  crown  of  the  mount- 
ain to  the  north  of  the  canon  slopes  shows  a  series  of  buff,  rusty  buff, 
and  reddish  streaked  beds,  probably  representing  the  Silurian  and  lower 
beds  of  the  Carboniferous,  dipping  steeply  to  the  northward.    On  the 
opposite  or  southeast  flank,  which  falls  into  a  broad  depression  opening 
between  the  upper  valley  of  Black  Bock  Creek  and  the  Buffalo  Fork, 
the  strata  rise  up  on  the  mountain  presenting  escarped  exposures  feeing 
Buffalo  Fork  Peak  and  the  canon.    On  the  outer  slopes  the  "  red  beds'' 
reach  up  several  hundred  feet,  apparently  curving  round  this  side  ot 
the  mountain  conformably  with  the  Carboniferous  and  older  sedimentary 
formations.    This  feature  is  finely  displayed  froin  the  heights  just  south 
of  Togwotee  Pass,  a  few  miles  to  the  east-southeast;  but  the  interven- 
ing undulating  surface  seems  to  be  covered  with  the  dibri*  of  the  vol- 
canic deposits,  so  that  the  "red  beds"  may  constitute  the  latest  of  the 
sedimentary  deposits  visible. 
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THE  CONTINENTAL  WATERSHED,  VICINITY  OP  TOGWOTEE  PASS. 

The  Black  Bock  Greek,  near  the  foot  of  Station  XLIX,  opens  into  a 
fine,  high,  shallow  basin,  which  extends  thence  in  an  easterly  direction 
several  miles  to  the  summit  of  Togwotu  Pass,  where  the  altitude  is, 
according  to  Captain  Jones,  9,621  feet  The  ascent  of  the  valley  is  over 
successive  benches  having  something  the  character  of  morainal  accumu- 
lations, through  the  lower  edges  of  which  the  stream  breaks  its  way  in 
narrows,  opening  above  into  beautiful  park  expanses,  diversified  with 
grassy  slopes  and  forest-clad  border  hills.  The  southern  hills  are  very 
generally  clothed  with  spruce:  the  opposite  slopes,  exposed  to  the  sun, 
appear  to  be  the  congenial  habitat  of  the  pine.  In  the  lower  portion  of 
this  valley  we  meet  with  red  earth,  supposed  with  good  reason  to  be 
derived  from  the  disintegration  of  the  Triassic  "  red  beds,"  and  wherever 
these  deposits  occur  in  valley  depressions  they  are  associated  with  lux- 
uriant herbaceous  growth.  Indeed  the  valley,  like  so  many  of  the  pass- 
valleys  in  this  region,  is  excavated  out  of  these  deposits.  In  the  slopes 
south  of  the  stream  ooscure  exposures  of  light-drab  indurated  calcareous 
deposits  occur,  and  at  one  point  in  the  south  bank  of  the  creek,  these 
show  a  limited  bluff  exposure  of  light-drab  clays  and  light  fragment- 
ary limestone,  dipping  gently  southwestward.  Although  no  fossils  were 
observed  in  these  deposits,  they  are  believed  to  belong  to  the  Jurassic. 
Beyond  the  latter,  to  the  south,  such  exposures  as  are  visible  in  the 
forest-clad  outlying  slopes  of  the  volcanic-capped  crest  south  of  Togwotee 
Pass,  show  light-brown  earthy  deposits,  gently  inclined  south  or  south- 
westward,  which  appear  to  merge  into  the  deposits  constituting  the  axial 
ridge  of  tne  Mount  Leidy  highlands.  Higher  up  the  valley  brown  shaly 
sandstone  layers  are  apparently  associated  with  these  deposits.  The 
banks  of  the  stream  also  exhibit  exposures  of  a  steel-brown  deposit  like 
that  resulting  from  the  decay  of  the  volcanic  breccia.  As  we  pass  up 
the  valley  the  breccia  hillocks  become  higher  and  more  rugged,  and 
associated  with  the  igneous  bowlders  scattered  over  the  surface,  others 
of  hard  sandstone,  and  other  quartzose  rocks  occur,  which  were  probably 
brought  down  from  the  neighborhood  of  Buffalo  Fork  Mountain.  There 
are  a  variety  of  products  referable  to  volcanic  origin  besides  the  gener- 
ally prevalent  breccia,  and  in  the  banks  of  the  stream  occur  banded 
dark-brown  and  drab  soft  sands,  nearly  horizontal  or  slightly  inclined 
southward.  The  trachytic  breccia  and  huge  masses  of  the  sombre,  green- 
tinged  conglomerate  become  more  and  more  abundant,  and  in  places  are 
noted  heavy-bedded  horizontal  ledges  of  reddish-brown  weathered  por- 
phyritic  trachyte.  The  breccias  appear  in  particularly  rugged  exposures 
in  the  west  slope  of  the  summit,  where  they  show  exposures  of  50  feet 
in  thickness,  at  an  elevation  of  700  to  900  feet  above  the  lower  end  of 
the  valley  where  they  were  first  encountered. 

The  approaches  to  the  summit  of  Togwotee  Pass  are  easy,  and  the  spot 
itself  is  one  of  the  most  interesting,  both  for  its  geologic  as  also  its  pic- 
turesque surroundings.  It  is  filled  with  open  grassy  undulations  whose 
hollows  hold  pretty  lakelets,  the  declivities  dotted  with  beantiful  groves 
of  pine  and  spruce,  and  threaded  by  tiny  rivulets  bordered  by  charming 
little  intervales,  and  miniature  terraces  bright  with  many-hued  flowers, 
and  the  white  blossoms  of  a  delicate  clover.  Densely  wooded  taluses. 
sweep  up  into  the  mountain  heights  on  either  hand,  whose  lofty,  precipi- 
tous \fralls  form  a  majestic  gateway  to  the  pass  across  the  great  water- 
shed. 

The  mountain  on  the  southwest  side  of  the  pass  afforded  a  good  oppor- 
tunity to  gain  a  general  knowledge  of  the  character  of  the  vast  sedi- 
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mented  volcanic  accumulations  out  of  which  these  mountains  have  been 
sculptured.  The  summit  of  this  peak  rises  a  thousand  feet  above  the 
pass,  and  on  all  sides  its  slopes. are  steep,  on  the  east  precipitous.  The 
above-mentioned  sombre  volcanic  breccia  enters  largely  into  the  forma- 
tion of  the  basis  of  the  mountain,  reaching  more  than  half-way  to  the 
summit.  Then  succeeds  several  hundred  feet  thickness  of  partially  ex- 
posed breccias,  the  steep  slo]>e  covered  with  debris  up  to  the  shoulder, 
from  which  rises  the  huge  angular  block  that  crowns  the  summit  of  the 
mountain.  The  basis  of  this  block  is  formed  of  drab  breccia  and  inco- 
herent or  partially  consolidated  volcanic  sands.  A  thickness  of  20  feet 
of  conglomerate  forms  the  plinth.  The  latter  ledge  presents  great 
variety  in  its  components,  bowlders  and  pebbles  smoothly  rounded,  of 
various  shades  of  pink,  drab,  and  red  trachytes,  porphyritic  trachytes, 
basalt,  &c,  which  have  a  more  or  less  distinct  bedded  appearance  (in 
the  mass  this  is  even  conspicuously  displayed)  interlaminated  with  lami- 
nated soft  sands  which  are  very  irregularly  distributed  through  the 
mass,  though  having  every  appearance  of  aqueous  deposition,  and  a 
general  horizontal  arrangement  in  more  or  less  heavy  beds.  Seams  or 
lamina)  of  calcite  were  observed  in  this  bed.  The  uppermost  deposit 
shows  a  thickness  of  above  50  feet  of  a  brecciated  mass,  consisting  of 
angular  fragments  of  vaiious  kinds  of  volcanic  rocks  held  in  a  fine,  soft 
drab-gray  paste.  These  masses,  by  weather  action,  are  wrought  into 
many  curious  shapes,  rent  and  fissured  and  pinnacled,  with  cornices  and 
ashy,  sandy  taluses,  which  give  to  the  mural  exposures,  seen  at  a  dis- 
tance, the  sombre  and  light-gray  banded  appearance  which  render  their 
recognition  so  certain  wherever  they  appear. 

^Notwithstanding  the  smoky  state  of  the  atmosphere,  the  view  from 
this  high  station  was  of  unusual  interest.  The  opposite  side  of  the  pass 
is  walled  by  far  grander  escarpments  of  the  fragmental  volcanics  which 
have  intimate  connection  with  a  mountain  ridge  extending  many  miles 
to  the  eastward,  where  it  merges  into  that  portion  of  this  great  volcanic 
highland  belt  to  which  Captain  Jones  applied  the  name  Sierra  Shoshone. 
This  east- west  ridge,  itself  of  titanic  proportions,  forms  the  water-divide- 
between  the  sources  of  Ihiftalo  Fork  and  the  northern  affluents  of  Wind 
1  liver,  and  throughout  it  presents  the  same  stupendous  mountain  wall. 
The  main  Wind  Ifiver  heads  in  the  angle  formed  by  this  ridge  and  the 
northern  extension  of  the  Wind  Kiver  ltange  on  its  southwest.  Tho 
latter  ridge  is  capped  for  a  few  miles  by  the  volcanic  breccias,  a  long, 
spur-like  ridge  putting  out  from  the  peak  of  Station  L,  which  was  located 
on  the  above-described  mountain  on  the  southwest  side  of  the  pass. 
But  a  little  to  the  east,  or  southeast,  the  main  crest  of  this  ridge  is 
formed  of  heavy  deposits  of  dark,  sombre,  basalt-like  lava,  which  stretches 
for  many  miles  along  the  level,  wooded  crest,  presenting  a  low  mural 
break  facing  Wind  ltiver  Valley.  In  the  midst  of  this  ridge,  about  live 
miles  southeastward  of  Station  L,  the  surface  swells  up  into  a  low  flat 
dome,  composed  of  dark  and  red  scoriaccous  lava,  which  forms  slides  of 
deep  red  debris  in  the  mountain  side.  It  may  be  that  this  dome,  on 
which  Station  LI  was  made,  marks  the  site  of  a  gigantic  crater  from 
which  issued  the  volcanic  effusions  that  make  up  the  bulk  of  the  mount- 
ain crest.  I  am  indebted  to  my  young  friend  Stephen  Kiibel,  assistant 
topographer,  for  the  following  details  in  relation  to  the  disi>osition  of  the 
volcanic  products  in  the  vicinity  of  Station  LI,  as  derived  from  his  ob- 
servations and  specimens  brought  to  camp.  The  highest  part  of  the 
.summit  shows  a  cap  of  black,  more  or  less  scoriaceous  lava,  underlying 
which  occur  red  and  yellow  scoriaceous  lavas,  the  latter  apparently 
.forming  an  intermediate  belt  between  the  black  and  the  red,  as  appears 
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when  viewed  at  a  distance ;  the  red  lava  forming  the  principal  material 
in  the  great  dibris  slide  in  the  east  face  of  the  mountain.  In  the  lower 
portion  of  this  slide  fragments  of  a  more  compact  trachytic  variety  of  red 
lava  were  found.  In  outlying  ridges,  at  the  foot  of  the  steep  ascent,  a 
grayish,  thin-bedded,  slaty  volcanic  rock  occurs,  the  ledges  much  dis- 
turbed, being  tilted  in  various  directions.  Near  by  large  masses  of  dark 
rusty  volcanic  rock  occur,  which  may  be  the  same  as  that  forming:  the 
level  crest  of  the  flanking  ridge.  These  data  furnish  conclusive  evidence 
of  the  volcanic  character  of  an  extensive  belt  along  this  part  of  the 
watershed ;  just  how  far  to  the  southeast  it  extends,  I  cannot  say,  though 
it  is  my  impression  that  it  reaches  in  that  direction  more  than  half  the 
distance  from  Togwote  Pass  to  the  Warm  Water  or  Union  Pass. 

An  arm  of  what  may  be  termed  the  Togwote  Mountains,  comprising 
the  volcanic-capped  watershed  between  Buffalo  Fork  and  the  extreme 
eastern  sources  of  Snake  River  and  the  Wind  River  drainage,  which 
reaches  westward  into  the  depression  east  of  Buffalo  Fork  Peak,  shows 
the  volcanic  breccia  deposits  gently  uplifted,  as  though  they  had  par- 
taken to  some  extent  in  the  upheaval  which  brought  to  view  the  Ar- 
chaean rocks  in  the  Buffalo  Fork  quaquaversal.  Looking  northeastward 
from  Buffalo  Fork  Peak,  further  evidences  of  disturbance  are  noted  in 
connection  with  the  volcanics  that  form  the  distant  ridges  about  the 
sources  of  the  Yellowstone  and  Buffalo  Fork,  to  the  southeast  of  Two- 
Ocean  Pass.  Dark  banded  deposits  in  that  quarter,  apparently  vol- 
canic, show  a  broad,  shallow  synclinal,  the  axis  of  which  seems  to  run 
in  a  southwesterly  and  northeasterly  direction.  But  in  the  point  be- 
tween Lava  Greek  and  Buffalo  Fork,  these  deposits,  appearing  in  gigan- 
tic escarpments  rising  into  high,  bare  mountain  ridges  and  plateaus 
encircling  the  ultimate  sources  of  this  drainage,  are  quite  horizontal,  or 
but  very  slightly  inclined  in  the  exposed  faces  presented  to  view  from 
this  direction. 

This  whole  region  is  one  of  most  forbidding  grandeur.  The  volcanic 
crests  all  rise  above  timber-line,  while  their  precipitous  sides  show  the 
dull  banded  volcanic  ledges  almost  destitute  of  vegetation.  But  the 
taluses  are  generally  heavily  wooded,  and  at  the  time  of  our  visit 
immense  columns  of  smoke  from  forest  conflagrations  rose  high  in  aii^ 
places  blotting  out  the  view  of  distant  mountains. 
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CHAPTER   V. 


ABCHJEAN  AEEAS. 

In  the  extreme  southwest  corner  of  the  district  surveyed,  a  limited 
belt  of  Archaean  rocks  extends  northward  from  the  Mount  Putnam  zone, 
but  is  much  obscured,  if  indeed  it  shows  a  fair  exposure  at  all  in  our 
district,  by  Pliocene  and  detrttal  materials  which  cover  the  western 
flank  of  the  mountain  immediately  south  of  the  canon  of  Boss  Fork. 
But  just  over  the  line  within  the  territory  assigned  to  Messrs.  Peale  and 
Gannett,  these  rocks  attain  the  magnitude  of  heavy  deposits,  consisting 
of  green  chloritic  slates  and  quartzites,  which  in  Mount  Putnam  are 
tilted  into  a  vertical  position,  with  perhaps  slight  general  inclination 
from  the  vertical  a  little  south  of  east.  Still  farther  to  the  south  they  may 
be  advantageously  studied  in  the  section  along  Portneuf  Biver  where  it 
cuts  across  this  mountain  ridge  on  its  way  to  the  Snake  plain. 

Over  the  mountainous  region  extending  east  from  the  Snake  plain,  in 
which  is  found  a  system  of  extraordinary  plications  in  the  earth's  crust, 
none  of  the  ancient  crystalline  rocks  are  brought  to  view,  unless  such 
may  have  appeared  in  some  of  the  deep  basin  depressions,  where,  how- 
ever, subsequent  effusions  of  volcanic  matter  and  accumulations  of 
quaternary  materials  have  sealed  from  view  the  vestige  of  these  rocks. 
It  is  not  until  we  approach  the  culminating  crest  of  the  district  that 
these  rocks  are  encountered,  and  where  their  erosion  has  produced  some 
of  the  most  sublime  and  beautiful  mountain  scenery  in  the  Northwest.       * 
The  micleal  rocks  of  the  T6ton  Range  are  composed  of  rocks  of  this  age^^""* 
Their  distribution  and  general  characteristics  have  already  been  110— ^_ 
ticed  in   the  detail   account  of  the   examination  prosecuted  in  thi^ 
quarter,  and  it  is  only  necessary  to  briefly  mention  their  occurrence  ixi 
this  place. 

It  is  evident,  even  after  so  cursory  study  as  the  past  season  allowed, 
that  the  metaniorpliio  or  gneissic  and  schistose  varieties  of  rocks  con- 
stitute by  far  the  most  prevalent  rocks  of  the  Archaean  series  in  tX  ik 
region.  But  in  the  cluster  of  peaks  surrounding  Mount  Hayden  as  w~^H 
as  the  noble  peak  itself,  a  light  and  flesh-colored  granite  forms  the  cc^re 
upon  which  atmospheric  erosion  has  wrought  with  so  wonderful  resu-J*3 
in  mountain  architecture.  As  seen  from  the  opposite  side  of  Jackso»a'8 
Basin,  the  mass  in  the  great  peak  seems  to  have  a  bedded  structure,  w*-  ^ 
dips,  according  to  Professor  Bradley,  but  little  from  the  vertical ;  \j*  xt 
from  the  west  the  mountain  presents  vertical  precipices  of  enormcr  *** 
height,  in  which  the  granite  appears  in  huge  angular  blocks  or  slab-lL^*6 
masses  with  polished,  glistening  surfaces.  To  the  north  the  Archae-^*11 
area  expands,  occupying  quite  the  entire  breadth  of  the  range  along£~  a 
line  drawn  through  Mount  Moran,  and  over  the  greater  part,  if  not  tU^6 
whole,  of  this  bared  area  the  rocks  are  gneissic,  or  such  their  peculi^11, 
sharp,  jagged  manner  of  weathering  pronounces  them.  Immense  sr»^* 
faces  of  the  rocks  in  this  quarter  are  laid  bare  by  erosion,  in  whi*^ 
former  glaciers  may  well  be  credited  with  an  ample  share.  The  crest  *** 
this  expanded  belt  forms  a  prominent  spur  which  abruptly  terminate     \ 
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In  a  conical  peak  overlooking  the  great  western  foreland,  in  the  vicinity 
of  the  sources  of  North  Fork  of  Pierre's  Eiver  and  Leigh's  Greek,  the 
upraised  volcanics  of  the  foreland  here,  as  to  the  south,  coming  into 
direct  contact  with  the  Archaean  rocks.  But  to  the  north  of  this  great 
spur  the  watershed  crest  is  soon  capped  by  the  Silurian,  the  Archaean 
being  crowded  to  the  eastern  border  and  finally  abruptly  terminates  in 
a  comparatively  narrow,  low  ridge,  beyond  which  spreads  the  high 
volcanic  plateau  separating  the  Henry's  Fork  drainage  from  the  lake 
region.  This  northern  terminal  ridge,  like  Mount  Moran,  lies  to  the 
east  of  the  water-divide  of  the  range,  and  its  northeast  flank  Professor 
Bradley  found  partially  enveloped  in  a  remnant  of  Palaeozoic  deposits. 
But  south  of  Jackson's  Lake,  to  the  vicinity  of  the  cation  of  Fighting 
Bear  Greek,  the  whole  eastern  face  of  the  range  shows  the  bared 
Archaean  ledges  in  one  of  the  most  majestic  mountain  fronts  on  the  con- 
tinent. South  of  the  latter  point  the  heights  are  crowned  by  the  sedi- 
mentaries,  which  gradually  increase  by  the  addition  of  successive  for- 
mations in  the  order  of  their  superposition  as  the  Archaean  nucleus  de- 
clines in  elevation,  until,  at  the  southern  extremity  of  the  range,  the 
sedimentaries  lap  continuously  over  the  mountain  ridge  in  a  series  of 
folds  whose  continuity  in  the  direction  of  their  longitudinal  axis  seems 
to  have  been  broken  by  the  mountain  corrugations  in  the  Snake  Eiver 
Bange,  which  intersect  the  T6ton  uplift  at  a  sharp  angle. 

Along  the  summit  of  the  range  to  the  south  of  West  T6ton  Creek  the 
Archaean  rocks  at  first  occur  in  a  narrow  belt,  with  ganglion-like  ex- 
pansions or  isolated  areas  in  the  beds  of  the  amphitheatres  in  which  the 
main  west-side  drainage  is  gathered  before  it  flows  out  into  the  basin 
through  the  gorges  the  streams  have  cut  across  the  sedimentary  fore- 
land. This  southern  extension  of  the  Archaean  also  appears  to  be  largely 
composed  of  gneissose  and  schistose  rocks,  the  structural  features  of 
which,  however,  are  too  indistinct  to  be  readily  made  out  except  by 
numerous  and  careful  examination,  for  which  purpose  our  time  was  fair 
too  limited. 

The  stupendous  elevatory  movements  in  which  originated  the  range, 
resulted  in  a  vertical  displacement  of  probably  not  less  than  15,000  feet. 
It  appears  to  have  been  a  long  elliptical  zone,  along  the  eastern  border 
of  which  the  forces  were  concentrated,  resulting  in  the  tilting  of  the 
mountain  mass  with  abrupt  dips  on  the  east  and  more  moderate  inclina- 
tion on  the  west ;  while  in  the  central  portion,  in  the  vicinity  of  the 
present  dominating  heights,  it  is  almost  impossible  to  believe  otherwise 
than  that  the  up  thrust  of  the  granitic  core  completely  severed  the  sedimen- 
tary and  metamorphic  crystalline  mantle.  Along  the  greater  extent  of 
the  eastern  front  the  displacement  was  probably  abrupt^  and  if  it  did 
not  result  in  the  faulting  of  the  sedimentary  deposits,  it  so  fractured 
them  as  to  give  easy  access  to  those  potent  agents  in  mountain  degrada- 
tion resident  in  the  atmosphere,  and  which  have  left  but  the  meagre 
skeleton  of  the  foundation  of  this  side  of  the  range,  from  which  we  may 
endeavor,  with  greater  or  less  success,  to  conceive  the  mighty  changes 
that  have  been  wrought  in  the  lines  of  its  contour,  and  rehabilitate  the 
mountain  to  its  prime. 

The  Gros  Ventre  Bange  shows  a  less  lofty  and  more  uneven  Archaean 
beltj  the  rocks  at  the  western  end  consisting  chiefly  of  much  distorted 
gneissic  and  schistose  ledges.  As  in  the  T6ton  Range  the  disturbances  to 
which  these  early  metamorphic  rocks  were  subjected  prior  to  their  up- 
heaval in  the  present  mountain  range,  the  few  facts  we  possess  throw 
little  light  on  even  the  general  phases  of  these  early  movements;  but  in 
the  later  upheaval  the  records,  as  laid  open  to  inspection  by  erosive 
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agents,  are  clear  and  readily  intelligible.  The  elevation  of  the  range 
appears  to  have  been  effected  by  a  series  of  parallel  folds,  trending  gen- 
erally southeasterly  and  northwesterly,  and  culminating  along  the  south- 
ern border  where  the  Archaean  nucleus  is  upthrust  in  a  great  wedge- 
shaped  mass,  the  degradation  of  which  has  produced  a  symmetrical  cone 
something  like  the  sharp  ridge  peaks  and  aiguilles  in  the  Tetons.  The 
eastern  portion  of  the  crest  of  the  range,  I  believe,  has  never  been  ap- 
proached, so  that  we  are  unable  to  say  what  the  relations  of  the  nucleal 
rocks  are  in  that  quarter.  So  far  as  could  be  determined  from  the  heights 
at  the  western  extremity  to  the  eastward  the  Archaean  core  gradually 
sinks,  admitting  a  greater  and  greater  depth  of  sedimentaries  to  rest 
upon  the  axial  region. 

The  range  forms  a  sort  of  transverse  bar  or  truss  connecting  the  Wind 
Biver  Bange  with  the  Tltons.  Dr.  Hayden  in  I860  found  the  saddle  at 
the  eastern  end  filled  with  Tertiary  deposits,  which  rise  high  up  on  the 
opposite  or  western  flank  of  the  Wind  Biver  Mountains.  In  a  preceding 
page  it  was  stated  that  to  the  west  the  Archaean  ridges  sink  and  are 
plated  with  the  sedimentaries,  so  that  while  this  relationship  to  the 
two  great  ranges  is  quite  marked  as  a  topographic  feature,  geologically 
considered  it  probably  forms  an  independent  uplift,  the  exact  date  of 
which  I  am  unable  to  state,  although  it  was  at  a  comparatively  modern 
period,  as  evidenced  by  the  tilted  position  of  the  Pliocene  beds  that  dip 
gently  off  the  flank  of  the  range  in  the  borders  of  Jackson's  Basin.  This 
fact  alone  would  lead  to  the  inference  that  the  Gros  Ventres  have  been 
subjected  to  elevatory  movements  which  were  continued  after  the  depo- 
sition of  the  Pliocene  lake-beds  to  a  very  recent  date  compared  with 
any  records  of  similar  movements  in  the  range  of  the  Tetons. 

To  the  north  of  the  Gros  Ventre  Bange,  and  a  few  miles  west  of  or 
about  midway  in  the  western  slope  of  the  continental  watershed,  Buffalo 
Fork  of  Snake  Biver  has  excavated  a  deep,  flaring  canon  across  a  dome- 
shaped  uplift,  the  nucleal  rocks  of  which  consist  of  much  contorted,  fer- 
ruginous-stained gneissose  ledges,  of  which  a  height  of  several  hundred 
feet  is  exposed,  forming  the  abrupter  walls  of  the  gorge.  This  is  prob- 
ably the  locality  referred  to  by  Professor  Comstock  in  his  report  to  Capt 
W.  A.  Jones  on  the  geology  of  the  country  traversed  by  the  military 
reconnaissance  of  Western  Wyoming,  1873,  p.  105 :  "  Between  the  Two- 
Ocean  Pass  and  Togwotee  Pass  there  are  exposures  of  a  metamorphio 
group  which  undoubtedly  represent  the  ridge  of  some  mountain  range 
or  its  spurs,  though  it  is  a  difficult  matter  at  present  to  define  its  rela- 
tions to  the  main  chains.''  The  date  of  this  uplift,  however  early  its  in- 
ception, must  have  extended  to  a  period  subsequent  to  the  deposition  of 
the  Tertiaries,  which  latter  both  Professor  Bradley  and  Professor  Com- 
stock report  as  being  much  disturbed  on  the  flank  of  the  mountain ;  and, 
as  elsewhere  remarked,  there  are  some  grounds  for  the  belief  that  even 
the  latest  of  the  later  volcanic  accumulations,  the  great  breccia  conglom- 
erate, may  have  to  some  slight  degree  at  least  partaken  in  this  upward 
movement.  Once  comprehending  the  isolated  position  of  this  bulged- 
up  mountain  mass,  the  mind  naturally  seeks  some  explanation  of  the 
origin  of  the  gorge  which  separates  the  dome  into  halves,  and  whose 
bed  is  at  present  threaded  by  the  diminished  channel  of  Buffalo  Fork* 
The  apparent  continuity  of  the  Palaeozoic  deposits  which  reach  up  into 
the  very  crest  of  both  the  north  and  south  side  mountains,  and  which 
once  doubtless  spanned  the  chasm  that  now  divides  them,  militates 
against  the  supposition  that  the  course  of  the  present  stream  was  marked 
out  by,  or  followed  a  fracture  or  crevice  across  the  mountain ;  and  al- 
though the  results  of  upheaval  are  here  manifested  in  an  extraordinary 
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manner  by  the  steeply  tilted  beds  that  lap  np  on  the  sides  of  the  mount- 
ain, there  is,  perhaps,  no  necessity  for  referring  the  results  to  more  vio- 
lent manifestations  of  disturbance  than  those  accompanying  the  very 
gradual  and  long-continued  elevatory  movement  which?  only  allowing 
time,  would  be  sufficient  for  the  elevation  of  the  mountain  into  its  pres- 
ent magnitude,  and  the  erosion  of  the  predetermined  stream-bed  to  its 
present  depth  in  its  passage  across  the  disturbed  area. 

Although  the  southeast  corner  of  our  district  includes  the  Archaean 
zone  of  the  Wind  Eiver  Bange,  at  no  point  did  opportunity  offer  to  pen- 
etrate this  interesting  region.  But  we  know  its  general  features  from 
the  early  explorations  of  Dr.  Hayden,  who  reported  the  northern  con- 
tinuation of  the  watershed  north  of  Union  or  Warm  Water  Pass  to  be 
enveloped  up  to  a  high  altitude  by  Tertiary  deposits  and  capped  by  vol- 
canics,  as  we  found  to  be  the  case  in  the  neighborhood  of  Togwotee  Pass, 
where  not  the  vestige  of  Archaean  nor  Paleozoic  rocks,  in  *itu,  were  ob- 
served. 

PALAEOZOIC  ABEAS. 

Besides  the  Palaeozoic  belts  that  encompass  or  partially  surround  and 
reach  up  on  Archaean  areas,  in  whose  elevation  they  have  likewise  par- 
ticipated, there  are  considerable  zones  of  rocks  belonging  to  this  era  in 
various  parts  of  the  district,  the  upheaval  of  which,  although  accompa- 
nied by  extraordinary  displacements,  did  not  bring  to  view  the  crystal- 
line basis-rocks.  The  greater  portion  of  the  south  and  southwest  is  oc- 
cupied by  upheavals  of  the  latter  class.  But  it  will  perhaps  facilitate 
the  review  of  this  series  of  formations  briefly  to  define  the  geographical 
position  of  all  these  areas.  Commencing  on  the  western  border,  they 
may  be  considered  in  the  progressive  order  of  their  occurrence  to  the 
east. 

In  the  extreme  southwest,  the  monoclinal  ridge  which  finishes  off 
the  northern  terminus  of  the  Mount  Putnam,  or  more  properly  the 
Portneuf  Bange,  exhibits  apparently  the  full  series  of  Palaeozoic  forma- 
tions, as  they  are  here  developed,  reclining  upon  the  eastern  flank  of 
what  was  doubtless  once  an  anticlinal  fold,  whose  western  declivity 
was  denuded  in  the  course  of  the  erosion  of  the  great  basin  of  the 
Snake. 

To  the  northeast  of  the  Putnam  hills  a  few  miles,  these  formations 
have  been  brought  up  in  an  approximately  parallel  low  ridge  southwest 
of  the  Blackfoot,  in  which  the  upper  siliceous  beds  of  the  Carboniferous 
have  been  tilted  into  nearly  vertical  position — indeed,  sometimes  past 
verticality — where  the  quartzitic  ledges  give  origin  to  the  rather  promi- 
nent crests  of  Highani's  Peak.  A  few  miles  north  of  the  latter  point  the 
ridge  is  completely  cut  down  in  the  canon  of  the  Blackfoot,  in  the  walls 
of  which  Dr.  Hayden,  in  1871,  observed  nearly  the  full  series  of  Palaeo- 
zoic rocks,  dipping  to  the  eastward  and  covered  by  the  upraised  volcan- 
ics.  Although  this  ridge  presents  a  rather  well-defined  topographic 
feature,  geologically  it  is  much  complicated,  the  southern  and  northern 
folds  in  which  these  rocks  appear  belonging  to  two  very  distinct  sets  of 
dynamical  actions  which  intersect  one  another  nearly  at  right  angles, 
the  southern  of  which  belongs  to  the  Mount  Putnam  system  of  folds. 

In  the  much-disturbed  region  of  the  Blackfoot  Bange,  next  east,  and 
the  low  parallel  basin  ridges  southeast  of  the  southern  extremity  or  that 
range,  with  a  single  exception,  no  rocks  of  an  earlier  date  than  the  Car- 
boniferous were  met  with.  This  belt  is  almost  coextensive  with  the 
length  and  breadth  of  the  range,  and  at  the  south  it  embraces  a  limited 
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patch  of  Carboniferous,  which  is  detached  from  the  main  ridge  by  a  de- 
pression floored  with  basalt. 

Along  the  northeastern  border  of  the  Caribou  Eange  occurs  a  narrow 
strip  of  Palaeozoic  deposits,  extending  a  distance  of  20  miles  in  a  north- 
westerly and  southeasterly  direction  below  the  narrows  in  the  lower  val- 
ley of  the  Snake.  The  older  deposits  are  mostly  covered  by  volcanic 
flows,  but  the  Carboniferous  is  finely  displayed,  especially  the  upper 
horizons,  in  the  lower  flanks  of  the  range,  inclined  to  the  southwest.  It 
appears  that  these  deposits  once  arched  over  the  trough  of  the  present 
valley  of  the  Snake,  which  was  excavated  along  the  crest  of  an  anti- 
clinal fold,  or  a  series  of  sharp  folds,  in  this  part  of  its  course. 

In  the  Snake  Biver  Eange,  on  the  opposite  side  of  the  valley,  there 
are  apparently  two  parallel  belts  of  Palaeozoic  strata,  of  which  the  south- 
western reaches  probably  the  entire  length  of  the  range,  forming  a  grad- 
ually expanding  belt  along  the  southwest  border  of  the  range  to  the 
southeast.  On  the  opposite  side  of  the  range,  what  remains  after  the 
erosion  of  Pierre's  Basin,  constitutes  an  irregular,  narrow  belt,  which 
shows  its  greatest  breadtn  to  the  northwest,  in  the  Pierre's  Mountains. 
Both  these  zones  are  Carboniferous  in  their  constitution,  which  consti- 
tute the  most  ancient  of  the  sedimentary  formations  as  yet  detected  in 
this  range.  They  appear  to  have  been  raised  up  in  great  folds,  that  to 
the  northeast,  bordering  Pierre's  Basin,  being  accompanied  by  abrupt 
flexure  or  faulting,  with  downthrow  on  its  northeast  side. 

The  T£ton  Eange  exhibits  by  far  the  most  considerable  area  of  these 
rocks.    The  vertical  displacement  accompanying  the  upheaval  is  meas- 
ured by  thousands  of  feet?  or  between  three  and  four  miles,  and  on  the 
slopes  of  the  Archaean  axis  almost  if  not  the  entire  Palaeozoic  series  is 
laid  open  to  view  in  the  gorges  which  the  streams  have  eroded  out  of 
their  substance.    They  constitute  a  heavy  plating  along  almost  the  en- 
tire western  declivity  of  the  range,  their  continuity  being  interrupted 
over  a  space  of  only  a  few  miles  across,  between  Bear  Creek  and  the 
north  fork  of  Pierre's  Eiver?  where  they  have  been  denuded,  the  subse- 
quent volcanic  flows  impinging  on  the  granites.    But  to  the  north  and 
south  they  fold  quite  round  the  extremities  of  the  range,  and  it  is  in  tho 
latter  quarter  they  maintain  their  complete  development,  preserving  the 
topmost  siliceous  horizons  of  the  Carboniferous,  immediately  succeeded 
by  the  superimposed  Triassic  "  red  beds."    The  series  as  here  consti- 
tuted embraces  the  quartzites  of  the  Potsdain,  the  Quebec  Group  lime- 
stones, the  Niagara  dolomitic  limestones,  and  the  Carboniferous,  » 
generalized  section  of  which  will  be  given  presently. 

Assuming  the  movement  to  have  been  gradual,  it  seems  almost  certain 
that  the  elevation  of  the  range  began  to  the  north,  where  we  find  it  has 
been  subjected  to  the  greatest  amount  of  erosion,  which  has  bared  the 
Archaean  nucleus  over  an  extensive  area,  and  swept  the  Palaeozoics  from 
the  entire  breadth  of  the  range.  The  precise  date  of  the  inception  of 
the  elevatory  movement  may  be  beyond  determination ;  but,  relatively, 
it  belongs  to  a  post- Jurassic  and  possibly  even  to  Cenozoic  time,  although 
it  is  believed  to  have  preceded  the  elevation  of  the  Snake  Biver  Bangfy 
which  latter  movement  involved  a  set  of  early  Tertiary  deposits,  Lara- 
mie (?),  of  which  there  has  been  observed  as  yet  not  a  vestige  in  tbe 
Teton  Eange  proper.  But  this  movement  has  continued  up  to  a  late 
date  as  evidenced  by  the  inclined  position  of  the  volcanics  on  the  flank 
of  the  mountain. 

In  the  Gros  Ventre  Eange  the  Palaeozoics  occupy  an  area  only  les* 
extensive  than  that  in  the  Tdton  Mountains.  Also  there  here  occurs 
the  same  series  of  formations,  but  they  have  not  been  subjected  to  the 
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same  excessive  denudation,  the  northern  flank  of  the  range  at  least 
bearing  a  heavy  protecting  mantle  of  early  Mesozoic  strata.  However, 
in  the  interior  portion  of  the  range  they  are  bated  in  magnificent  escarp- 
ment exposures,  the  various  formations  impressing  their  individual 
characteristics  on  the  mountain  topography. 

The  Buffalo  Fork  Peak  uplift  has  brought  to  light  an  equally  inter- 
esting exhibition  of  the  Palaeozoic  rocks,  and  associated  with  phenomena 
which  may  have  important  bearing  on  the  physical  history  of  the  era  in 
this  quarter.  The  quartzite  and  Quebec  Group  limestones,  although 
holding  a  prominent  place  in  the  stratigraphy,  do  not  attain  the  same 
degree  of  development  as  do  the  same  deposits  in  the  T6ton  Range. 
And  in  connection  with  this  attenuation  of  the  upper  limestone  of  the 
Quebec,  there  appears  to  have  been  no  cessation  in  the  deposition  of 
calcareous  matter,  and  the  one  or  two  hundred  feet  of  passage  limestones 
intervening  between  the  Quebec  and  Carboniferous  deposits,  if  they 
prove  to  be  Niagara  at  all,  show  the  same  diminution  in  the  amount  of 
limestone-making  materials  that  were  here  thrown  down  upon  the  sea- 
bed daring  that  epoch.  The  Carboniferous,  however,  apparently  attains 
its  usual  development,  and  in  the  character  of  its  components  and 
lithology  the  closest  agreement  obtains  with  its  appearance  in  the  Gros 
Ventre  and  T6ton  Ranges. 

From  the  observations  of  Dr.  Hayden  and  Professor  Bradley,  together 
with  such  information  as  was  derived  during  the  present  season's  explor- 
ations, the  following  general  section  of  the  Palaeozoic  series  in  this 
district  has  been  prepared; 
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For  convenience  of  reference  the  lower  limestone  horizons  of  the 
kbove  section  are  designated  by  the  tonus  tipper  and  loxcer  Quebec,  by 
rhich  it  is  not  intended  to  convey  the  impression  that  these  beds  repre- 
ent  or  are  the  equivalents  of  the  earlier  and  later  depositions  during 
he  Quebec  epoch, — a  determination  for  which  paleontologieal  evidence 
s  at  the  present  time  wanting,  but  which  will  l>e  of  use  hereafter  in  re- 
selling these  quite  persistent  calcareous  horizons. 

PRIMORDIAL  QUARTZITES.. 

In  the  extreme  southwest  portion  of  the  district  a  narrow  tongue  of 
he  iluronian  (?)  quartzites  of  Mount  Putnam  extends  down  to  Boss 
fork,  but  it  is  so  obscured  by  denudation  and  later  deposits  as  scarcely 
o  be  regarded  as  an  element  in  the  present  stratigraphie  history  of  the 
listrict.  Indeed  the  basis  quartzite  of  the  present  series,  or  Potsdam, 
loes  not  present  a  fair  exhibition  in  this  quarter  within  the  limits  of  our 
erritory  at  the  points  visited  the  present  season,  lhit  on  the  north- 
astern  Hank  of  Mount  Putnam,  the  high  northern  culminating  peak  of 
he  Portneuf  Range,  occurs  a  considerable  thickness  of  dark,  rusty-red 
andstone,  finely  laminated  below,  presenting  a  much  broken  up  expos- 
ire  resting  upon  the  heavy  quartzite,  which  latter  runs  up  into  the  crest 
if  the  mountain.  This  rusty  quartzitic  sandstone  may  represent  the 
Potsdam  in  this  quarter,  but  the  immediately  superimposed  dc]>osits 
ssociatcd  with  this  ledge  are  so  obscured  as  to  give  no  clew  as  to  their 
haracter. 

We  do  not  again  meet  with  authentic  exposures  of  this  horizon  until 

eachiug  the  Teton  Kange.    Here  they  were  studied  by  Professor  Brad- 

*y,  who  ascribed  to  the  inferior  "  very  compact  ferruginous  quartzite'7 

thickness  of  50  to  75  feet.    Overlying  the  latter  occurs  a  space  of  200 

et  or  more  in  which  appear  white  and  reddish  laminated  quartzitic 

ndstones,  usually  evenly  bedded,  but  the  exposures  are  obscure  in  the 

>pes  below  the  forks  of  West  Teton  Creek  where  they  were  examined 

t  summer.    But  higher  up  on  the  mountain  Professor  Bradley  had 

lortunity  to  examine  this  horizon  in  the  free  slopes  of  the  high  Alpine 

xes,  where  they  show  "  about  300  feet  of  partly  compact  and  partly 

ly  glauconitic  sandstones,  which  are  evidently  equivalent  to  the  so- 

?d  Knox  sandstones  of  Sallbrd,  which  form,  in  Tennessee,  the  lower 

of  the  Quebec  Group."    Professor  Bradley  observed  no  fossils  in 

3  beds,  and  he  was  of  the  impression  that  they  fire  "unequally  dis- 

ted,"  though,  so  far  as  could  be  determined,  they  constitute  ft  per- 

lt  element  in  the  stratigraphy  of  this  region. 

a  same  set  of  deposits  evidently  occurs  in  the  Gros  Ventre  Range, 

i  the  Buffalo  Fork  Peak  uplift.     In  both  these  localities  the  inferior 

wneritic  laminated  quartzite  and  quartzitic  sandstone  are  associated 

iterlaminations  of  a  beautiful  white  quartzite  in  which  the  grains 

•,a  often  have  the  appearance'  of  the  roe  of  fishes.     In  the  Gros 

s  the  quartzite?  was  seen  in  immediate  contact  with  the  uncon- 

le  Areluean  schists,  from  which  it  is  separated  by  a  handsome 

ored,  finely-laminated,  gneissose  lamina,  which  may  be  the  meta- 

sed  inferior  layer  of  the  quartzite.    I'he  overlying  portion  is 

)  of  rusty  indurated  layers  and  dirty-yellow  deposits,  which,  how- 

not  reach  the  same  thickness,  as  reported  in  the  Teton  Bange. 

CANADIAN. — QUEBEC  GKOUP. 

sntification  of  rocks  of  the  age  of  the  Quebec  Group,  in  this 
'cm  region,  I  believe,  was  based  upon  materials  brought  in  by 

>8 
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the  expeditions  of  the  survey  (luring  the  season  of  1872,  and  the  collec- 
tions from  the  Teton  region  and  vicinity  of  Fort  Hall,  made  by  Professor 
Bradley,  aiforded  Mr.  Meek  the  means  of  establishing  this  identity 
on  paleontological  evidence.  But  in  their  lithological  peculiarities  we 
possess  an  almost  equally  sure  means  of  recognizing  these  deposits,  and, 
in  the  absence  of  fossils  at  many  localities,  it  becomes  of  great  import- 
ance to  pay  close  attention  to  the  local  phases  under  which  these  rocks 
appear  in  remote  sections  of  the  district.  They  are  believed  to  be  uni- 
formly developed  as  two  distinct  limestone  deposits,  which  may  be  dis- 
tinguished by  the  provisional  terms  tipper  and  lower  Quebec  limestones. 

Lower  Quebec  limestone. — In  the  Mount  Putnam  ridge,  at  Station  II, 
the  lower  Quebec  limestone,  showing  a  thickness  probably  between  200 
and  300  feet,  is  made  up  apparently  of  three  limestone  beds.    The  lower 
is  a  dark  gray,  even-bedded  limestone,  overlaid  by  a  rough-weathered 
buff  limestone  somewhat  resembling  the  Niagara,  the  upper  bed  showing 
a  thin-bedded,  dark-gray,  brecciated  limestone.    No  fossils  were  found 
in  these  beds.    In  the  T6ton  Range,  especially  in  the  sides  of  West 
T6ton  Creek  Valley,  this  lower  ledge  shows  in  an  exposed  thickness  of 
50  feet,  or  more,  an  even  thin-bedded,  rusty  drab  impure  limestone,  with 
purer  dark-drab  layers,  traversed  by  calcspar  seams,  and  containing 
minute  crystals  of  iron,  to  the  presence  of  which  is  doubtless  due  the 
brown-stained  appearance  of  the  rock  in  the  extensive  mural  exjiosurw 
here  and  elsewhere  found.    In  the  Gros  Ventre  Mountains  the  ledge 
exhibits  much  the  same  lithological  characters  above  cited.'   But  at 
Buffalo  Fork  Teak,  where  it  shows  an  exposed  thickness  of  50  to  75  feet, 
it  consists  of  bluish  and  dark-drab,  brecciated,  thin-bedded,  rough-weath- 
ered limestone,  the  lower  portion  brown-gray  and  dirty -yellow  stained, 
also  destitute  of  fossils.    It  will  have  been  observed  that  the  horizon 
presents  marked  contrasts  in  the  eastern  and  southwestern  areas  of  its 
exposure,  both  as  regards  its  lithology  and  the  comparative  duration  of 
the  conditions  favorable  for  the  accumulation  of  its  component  materials, 
which  in  the  latter  quarter  allowed  the  deposition  of  a  thickness  of 
calcareous  sediments  more  than  double  that  which  obtained  in  the  Tetoiw 
and  to  the  east. 

In  the  Teton  Range  the  intermediate  or  passage  beds  between  the 
upper  and  lower  Quebec  limestones  were  at  no  point  visited  revealed, 
the  slope,  usually  short,  between  the  two  almost  invariably  showing  a 
steep  (/J6W.v  covered  talus ;  as  was  also  the  case  in  the  Gros  Ventre  Range. 
But  in  the  Buffalo  Fork  Peak  the  component  strata  of  this  horizon  aro 
well  displayed,  presenting  below  yellowish  areno-micaceous  clays,  with 
indurated  layers  charged  with  a  small  orbiculoid  shell  and  thin  layers  of 
dirty -<lrab  limestone,  on  the  weathered  surfaces  of  which  are  crowded  the 
fragmentary  remains  of  Trilobites  and  other  fossils ;  among  others  there 
have  been  identified  the  genera  Conocoryphe  and  DieiUocephalus.  The 
upper  portion  of  the  deposit  is  here  composed  of  bluish-drab  shales  awl 
brownish-gray  shaly  sandstone,  the  latter  probably  corresponding  to  the 
indurated  arenaceous  layers  with  the  orbiculoid  shell  above  mentioned. 
The  deposit  at  this  locality  probably  reaches  a  thickness  of  between  100 
and  201)  feet,  and  the  fact  of  its  satisfactory  exposure  is  due  to  its  posi- 
tion in  the  crest  of  the  elevated  ridge  culminating  in  Ruffalo  Fork  Peak. 
The  supposed  equivalent  horizon  in  the  Mount  Putnam  ridge  north  of 
Ross  Fork,  at  Station  II,  is  occupied  by  a  heavy  ledge  of  conglomcritic 
quartzitc,  which  shows  in  exceedingly  rough- weathered  exposures  40 to 
50  feet  in  vertical  extent,  but  it  is  probably  thicker,  the  space  above  and 
below,  together  with  its  outcrop,  reaching  KM)  to  150  feet.  The  charac- 
ter of  the  associated  deposits  immediately  above  and  below  was  not  a* 
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aiiied,  but  from  the  appearance  of  the  slopes,  tbeir  soft  shaly  nature 
■  be  inferred.  The  conglomerate  seemed  to  be  without  fossils.  The 
irrence  of  this  deposit  marks  a  prominent  change  in  the  relative 
rscness  and  degree  of  induration  of  the  materials  accumulated  in  this 
iter,  though  their  derivation  in  both  cases  is,  with  our  present  meagre 
rmation,  involved  in  much  obscurity. 

pper  Quebec  limestone. — The  upper  Quebec  limestone  shows  almost 
same  development  in  the  three  principal  areas,  and  wherever  it  oc- 
\  it  is  characterized  by  a  fossil  fauna,  whose  species  .are  represented 
tn  abundance  of  individuals.  The  Mount  Putnam  ridge,  at  Station 
a  capped  by  this  member,  where  it  shows  a  thickness  of  perhaps 
feet.  The  rock  consists  of  generally  thin-bedded,  fragmentary, 
etimes  brecciated  limestone,  in  color  gray,  grayish-buff,  and  pinkish 
ed,  with  buff  indurated  or  shaly  partings,  certain  layers  being 
:ged  with  the  disjointed  or  fragmentary  remains  of  small-sized  Tri- 
tes  and  a  little  Gasteropod  resembling  RaphUU/ina. 
i  the  west  flank  of  the  Teton  Range,  wherever  the  series  is  exposed, 
horizon  takes  a  prominent  place  in  the  stratigraphy  of  the  magniii- 
i  sections  here  displayed.  Its  mural  exposures,  showing  an  exposed 
kness  of  100  feet  or  more,  are  traced  for  miles  in  the  canon  walls 
as  outliers  in  the  Alpine  region  of  the  mountains.  The  peculiar 
vn  color  of  the  weathered  exposures,  as  well  as  the  even-bedded 
cture  of  the  deposit,  resemble  those  features  of  the  inferior  ledge. 
Vest  T6ton  Creek  Canon  the  main  portion  of  the  rock  consists  of 
c  bluish  and  bluish-drab,  even  and  thin-bedded,  sometimes  shaly, 
e  or  less  pure  limestone,  in  places  mottled  with  dirty-yellow  spots, 
exposed  surfaces  of  the  layers  presenting  the  peculiar  rougli- 
thered  appearance  so  commouly  associated  with  this  rock.  Above 
rock  seems  to  pass  through  a  gradation  of  thin  shaly  layers  into  the 
lying  shales,  this  portion  of  the  exi>osnro  usually  presenting  a  rusty 
>w  appearance.  In  ittbris  at  the  mouth  of  the  canon,  probably  de- 
tl  from  this  horizon,  a  lew  fragments  of  Trilobites  were  found. 
a  the  western  flank  of  the  Gros  Ventre  llange,  south  of  the  Little 
3  Ventre,  these  strata  arc  raised  up  on  the  mountain,  and  also  appear 
itiral  exposures  at  various  points  in  the  higher  interior  portion  of  the 
fe.  It  is  hero  a  drab,  thin-bedded  limestone,  the  exposed  bedding 
ices  roughly  weathered,  the  escarpment  exposures  showing  the 
acteristic  dark  rusty,  even-bedded  outcrop,  and  a  thickness  of  100 
or  more.  The  rock  is  traversed  by  thin  seams  of  cale-spar,  giving 
mottled  appearance,  and  breaks  into  small  fragments  under  the 
mer. 

>  the  northeastward  the  horizon  becomes  much  attenuated,  as  shown 
s  outcrop  at  Station  XL1X,  in  the  vicinity  of  Buffalo  Fork  Peak, 
he  latter  locality  the  bed  is  made  up  of  drab,  buff-mottled,  shaly,  or 
•bedded  fragmentary  limestone,  exposed  thickuess  50  to  75  feet^aud 
ains  the  broken  parts  of  Trilobites  and  other  fossils.  Of  the  isolated 
lant  preserved  in  the  Upper  Gros  Ventre  Butte,  and  which  may 
>erly  be  referred  to  the  Teton  area,  I  can  add  nothing  from  personal 
oination  to  the  mention  it  received  from  Professor  Bradley. 
\e  Quebec-Niagara  beds  of  passage. — The  horizon  of  the  beds  of  pas- 
i  between  the  Upper  Quebec  lime-stone  and  the  next  succeeding 
stone  above,  offers  most  interesting  phenomena  of  the  varied  physi- 
onditions  prevalent  during  this  epoch  within  the  limits  of  the  present 
let.  So  fir  as  our  present  knowledge  extends,  it  is  difficult  to  assign 
le  time  conditions  productive  of  particular  or  normal  results,  so  dif- 
lt  were  the  materials  deposited  at  this  time  in  different  portions  of 
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the  region,  and  indeed  the  apparent  omission  in  certain  localities  of  any 
cessation  in  the  conditions  favorable  to  the  accumulation  and  deposition 
of  calcareous  matter,  by  which  the  Upper  Quebec  limestones  were  made 
to  form  part,  of  an  uninterrupted  series  of  limestones  reaching  up  into 
the  Carboniferous. 

In  the  southwest  the  horizon  is  occupied  by  a  heavy  ledge  of  light- 
colored,  rough -weathered  fragmentary  quartzite  orquartzitic  sandstone, 
of  which  a  thickness  of  at  least  50  feet  is  exposed  in  the  Mount  Putnam 
Ridge.  Low  in  the  southwest  ilank  of  the  Blackfoot  Range  occurs  a 
conglomeritic  quartzite,  which  may  be  the  equivalent  of  the  above-men- 
tioned ledge.  It  is  also  possible  that  the  similar  quartzite.  remnants  of 
which  outcrop  in  the  edge  of  the  lower  valley  of  the  Snake,  along  the 
northeastern  foot  of  the  Caribou  Range,  may  belong  to  the  same  hori- 
zon. But  in  the  T6ton  Mountains  the  siliceous,  or,  at  least,  the  quartz- 
itic  materials  are  replaced  by  argillaceous  matter,  and  which  occupies  a 
vertical  space  of,  perhaps,  100  feet.  The  exposures  were  at  no  place 
sufficiently  free  from  debris  as  to  admit  of  satisfactory  examination  of 
the  horizon.  But  in  the  sides  of  West  T6ton  Valley  slide  exposures  are 
met  with  at  this  horizon,  revealing  drab  clay  shales,  and  throughout  this 
quarter  the  space  between  the  Upper  Quebec  and  Niagara  limestones 
shows  a  steep  talus,  or  sometimes  a  bench  of  v  greater  or  less  width,  in- 
dicating the  presence  of  subjacent  soft  deposits.  Such  is  the  character 
of  the  horizon  in  the  western  portion  of  the  Gros  Ventre  Mountains, 
with,  however,  indications  of  the  presence  of  interlaminated  indurated 
calcareous  material.  But  to  the  northeast,  in  the  vicinity  of  Buffalo  Fork 
Peak,  these  deposits  are  absent,  the  Upper  Quebec  limestones  being  fol- 
lowed by  apparently  conformable  limestones,  which  pass  up  into  well- 
determined  Carboniferous  deposits. 

TTCAGARA. 

In  1871,  Dr.  ITayden  discovered  in  the  Wasatch  Range,  vicinity  of 
Ogden,  Utah,  rocks  of  the  age  of  the  Niagara  of  the  East,  a  determina- 
tion made  on  the  occurrence  in  the  limestones  of  the  coral  Half/sites  cate- 
nulata.    In  the  northern  extension  of  the  same  general  mountain  range, 
where  it  sinks  to  the  level  of  the  Snake  plain,  at  the  northern  terminus 
of  the  Mount  Putnam  ridge,  Professor  Bradley,  during  the  following  sea- 
son, recognized,  on  stratigraphical  position  and  lithological  characters, 
the  same  formation.    But  in  this  latter  ridge,  at  Station  II,  it  is  evident 
that  the  Niagara  is  wanting,  the  more  or  less  maguesian  limestones,  con- 
taining crinoidal  and  other  Carboniferous  fossils  immediately  succeeding 
and  resting  upon  the  quart zitic  sandstone  which  hero  constitutes  the 
passage  bed  interposed  between  the  Upper  Quebec  and  Lower  Carbon- 
iferous limestones.    It  is  not  improbable  the  same  state  of  tilings  exists 
in  the  Blackfoot  Range;  at  all  events,  no  rocks  of  Niagara  age  were 
identified  in  this  quarter  during  the  present  season.    Professor  Bradley 
mentions  the  occurrence  of  light  maguesian  limestones  at  the  north  end 
of  the  Caribou  Range,  which,  lithologically,  bear  close  resemblance  to 
Niagara  beds  in  the  Teton  Mountains,  a  determination  which,  although 
the  exposures  in  this  vicinity  are  not  so  satisfactory  as  could  be  wished, 
is  probably  well  founded. 

In  the  same  manner  was  the  lower  maguesian  limestone  horizon  in  the 
Teton  Range  identified  with  the  Niagara  beds  occurring  to  the  south- 
west. During  the  present  season  the  above  determination  of  the  age  of 
the  latter  deposit  was  fully  continued  by  the  discovery  of  the  present* 
in  these  beds,  at  the  northern  end  of  the  range,  of  Eahjsites  and  other 
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characteristic  Upper  Silurian  corals.  The  rock  in  this  region  is  pretty 
uniformly  a  heavy-bedded,  light  to  dirty  butt",  in  places  reddish-stained, 
magnesian  limestone,  attaining  a  thickness  of  from  400  to  GOO  feet. 
Wherever  erosive  action  has  laid  it  bare,  as  in  the  canon  sides  and  great 
promontories  overlooking  the  Alpine  basins  in  the  heart  of  the  range, 
it  presents  peculiarly  characteristic  exposures,  picturesque  castellated 
clifis,  and  massive  foundation  walls  wliich  support  the  more  fragmentary 
superimposed  Carboniferous  deposits.  In  many  of  its  features,  even  the 
peculiar  rough  pitted  manner  of  weathering,  and  its  porous  or  minutely 
vesicular  structure,  it  strongly  recalls  the  Niagara  magnesian  beds,  whoso 
bluff  exposures  form  some  of  the  most  picturesque  scenery  along  the 
shores  of  the  Upper  Mississippi. 

The  same  deposit  appears  in  the  Gros  Ventre  Mountains,  where  it  also 
maintains  about  the  same  thickness.  In  the  Bufialo  Fork  Peak  uplift, 
however,  it  is  greatly  attenuated,  if  indeed  it  at  all  exists.  At  Station 
XLIX,  in  the  latter  region,  a  vertical  space  of  about  200  feet  intervenes 
between  the  uppermost  layers  of  the  Quebec  limestone  and  the  summit 
of  the  station,  and  which  is  fdled  by  gray,  reddish-stained,  cherty  lime- 
stones, the  summit  ledges  and  a  hundred  feet  below  holding  characteristic 
Carboniferous  fossils.  There  are  no  indications  of  nonconformity  be- 
tween any  of  the  above-mentioned  deposits  at  this  locality,  and  the  ap- 
pearances point  to  the  conclusion  that  the  dc]>osition  of  calcareous  or 
limestone-making  sediments  was  uninterrupted  from  the  commencement 
of  the  upper  limestone  of  the  Quebec  to  the  Carboniferous.  The  litho- 
logical  distinctions  between  the  Quebec  and  the  overlying  limestones  are 
shsirply  drawn,  while  the  immediately  superimposed  iimestone  layers  do 
not  differ  in  any  marked  degree  from  the  higher  layers  containing  Car- 
boniferous fossils ;  so  that  if  they  do  belong  to  the  Niagara  period,  they 
were  not  affected  by  or  did  not  participate  in  the  transformation  which 
elsewhere  converted  the  entire  horizon  into  a  dolomitic  deposit. 

CARBONIFEROUS. 

Bocks  of  the  age  of  the  Carboniferous  are  extensively  developed  in 
the  district,  constituting  a  most  im]x>rtaut  element  in  the  stratigraphy 
of  its  orographic  reliefs ;  indeed  whole  mountain  ranges  are  carved  almost 
entirely  out  of  deposits  |>crtaining  to  this  age.  A  generalized  section  of 
these  rocks  falls  into  two  categories  or  great  divisions,  viz,  Lower  and 
Upper  Carboniferous,  the  persistency  of  which  may  be  considered  as 
being  more  or  less  well  established.  The  great  divisions,  or  periods, 
seem  to  be  further  divisible  into  what  may  prove  to  be  more  or  less  well- 
defined  subdivisions,  which  may  hi  part  corrcs]x>nd  to  the  epochs  which 
marked  the  various  life  stages  of  these  periods  in  other  regions.  Although 
it  has  not  been  possible  to  deline  the  limits  of  these  lesser  divisions,  or 
to  establish  the  relations  of  the  fauual  assemblages  contained  therein  to 
those  which  characterize  definitely  determined  horizons  in  rocks  of  this 
age  in  longer  known -and  more  thoroughly  studied  localities,  at  least 
some  evidence,  which  seems  to  point  to  their  existence  in  reality,  has 
been  observed,  so  that  their  general  outlines  may  be  stated  with  a  de- 
gree of  confidence.  Such  as  they  were  found  to  be,  withiu  the  limits  of 
the  present  district,  are  briefly  sketched  in  the  following  pages. 

Lower  Carboniferous. — The  time  of  the  inferior  division  of  the  Carbon- 
iferous was  eminently  a  limestone-making  period,  with,  however,  infu- 
sions of  siliceous  matter,  which  became  seggregated  mainly  in  the  form  of 
chert,  in  both  nodules  and  layers,  with  occasional  heavier  siliceous  de- 
posits or  quartzitic  sandstones.    The  local  lithology  and  chemical  char- 


486      REPORT  UNITED  STATES  GEOLOGICAL  SURVEY. 

acter  of  the  limestones  is  subject  to  local  variation,  but  to  just  what  ex- 
tent these  changes  are  manifested  Trill  require  much  patient  research  to 
determine.  In  the  aggregate,  this  division  attains  a  thickness  of  1,000 
to  2,000  feet,  approximate. 

In  the  Mount  Putnam  Ridge  the  basis  rocks  show  a  heavy  ledge  of 
rough-weathered,  buff-gray  siliceous  limestone,  containing  a  few  obscure 
fossils,  crinoidal  remains,  and  a  Heniipronites.    This  is  succeeded  by  a 
heavy  bed  of  light-gray,  cherty,  rough- weathered  limestone  passing  up 
into  dark  bluish-gray  rather  even-bedded  limestone,  with  black  chert, 
charged  with  a  large  Zaphrentte,  Spirifer^  &c.    In  the  vicinity  of  the  out- 
crop of  the  latter  deposits,  in  the  little  hill-environed  basin  of  Boss  Fork, 
my  notes  make  mention  of  a  considerable  deposit  of  conglomeritic  mate- 
rials, chiefly  composed  of  light-gray  limestone  pebbles,  with  some  of  quarto, 
and  apparently  interlaminated  with  buff,  shaly  limestone  layers,  in  which 
occur  fragments  of  an  Arieulopccten.    the  relations  of  this  deposit  to 
the  apparently  overlying  beds  above  referred  to  is  not  clearly  indicated, 
and  it  is  mentioned  here  that  attention  may  be  called  to  the  subject  for 
the  future  settlement  of  any  doubts  that  may  exist  as  to  its  relations  to 
these  rocks,  with  which  it  seems  to  constitute  a  conformable  member. 
The  beds  above  mentioned  belong  to  the  lower  division  of  the  Carbonif- 
erous, and  at  one  point  in  this  neighborhood  Professor  Bradley  discov- 
ered in  these  rocks  a  peculiarly  Lower  Carboniferous  lamia,  many  of 
whose  abundant  minute  tonus  Mr.  Meek  found  to  be  specifically  identi- 
cal with  those  which  characterize  the  Warsaw  beds  in  the  Upper  Missis- 
sippi Valley.    All  these  deposits  dip  to  the  eastward,  but  in  the  opposite 
side  of  the  synclinal  within  the  area  of  a  basin  at  the  head  of  one  of  the 
tributaries  of  the  Portneuf,  they  have  been  denuded  and  concealed  by 
late  accumulations,  only  the  Upper  Carboniferous  horizons  being  seen  at 
this  point. 

To  the  northeast,  however,  in  the  Blackfoot  Range,  the  lower  forma- 
tions are  extensively  displayed.  Their  occurrence  in  this  quarter  is  also 
accompanied  by  evidences  of  much  disturbance,  the  strata  are  folded 
and,  perhaps,  faulted,  on  which  account,  notwithstanding  the  exception- 
ally good  exposures  so  prevalent  hero,' it  will  require  much  time  to  ac- 
quire familiar  acquaintance  with  the  stratigraphic  details  of  the  series. 
These  inferior  limestones  roach  a  thickness  of  several  hundred  feet,  per- 
haps 2,(KM)  feet,  including  quartzitic  horizons  and  rod-stained  siliceous 
deposits  in  positions  below  well-marked  Lower  Carboniferous  horizons. 
Paleontologically,  horizons  in  these  cherty  limestones  are  characterized 
by  associations  of  fossils  which  have  intimate  likeness  to  certain  Lower 
Carboniferous  formations  in  the  Upper  Mississippi  region. 

As  at  the  locality  in  the  Mount  Putnam  ltidgc,  we  hero  find,  in  the 
vicinity  of  Station  X,  an  eminently  Warsaw  molluscan  fauna.  Else- 
where the  lithologicul,  as  well  as  the  paleontological,  resemblances 
of  eertain  horizons  amount  to  almost  absolute  identity  with  the  Keokuk 
formation,  as  developed  in  the  Western  States.  At  Station  VII,  in  a 
dark  bluish-gray  cherty  limestone,  with  lighter  colored  shaly  partings 
crowded  with  corals,  Polyzoa,  &c,  a  veritable  fish-bed  occurs,  from 
which  were  obtained  representatives  of  the  Selachian  genera  Cladodu*, 
Dvltodm,  HeJodm  (Ijophodiw),  Petalodus,  Antliodus.  As  is  well  known, 
one.  of  the  above-named  genera,  Antliodus,  is  restricted  to  Lower  Car- 
boniferous formations,  while  all  the  other  forms  are  closely  allied  to,  if» 
indeed,  they  prove  not  to  be  identical  with,  species  peculiar  to  the  lower 
divisions  of  this  series  of  formations  in  the  Mississippi  Valley.  The 
ailinities  of  the  fish-remains  do  not  indicate  a  later  date  for  the  bedsip 
which  they  occur  than  the  Keokuk  formation.    Hence,  solar  as  the  eri- 
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dence  goes,  we  have  good  grounds  for  the  recognition  of  physical  con- 
ditions, accompanied  by  organic  manifestations,  representative  of  at 
least  two  prominent  formations  of  the  Lower  Carboniferous  in  this  region, 
viz,  the  Keokuk  and  Warsaw  beds  of  the  Saint  Louis.  There  also  occur 
in  this  range  certain  limestones  which  are  charged  with  Lithmtrotion 
and  Syringopora;  but  the  relative  position  of  these  beds  with  those 
above  mentioned  was  not  determined.  However,  in  the  vicinity  of  Sta- 
tion IX,  the  Lithmtrotion  limestone  is  underlain  by  a  heavy  series  of 
bluish-gray  cherty  limestone,  with  Zaphrentis  and  crinoidal  remains. 
which  may  well  embrace  the  lower  horizons.  If  the  paleontological 
evidence  in  all  cases  holds  good,  then  we  should  infer  that  the  Litho- 
strotion  horizons  correspond  to  the  Saint  Louis  formation. 

It  is  probable  that,  in  the  Snake  River  Range,  the  Lower  Carbonifer- 
ous formations  are  well  developed,  especially  in  the  magnificent  natural 
sections  exposed  along  the  lower  course  of  the  Grand  Canon.  But  in 
the  northeastern  belt,  which  alone  was  penetrated  the  past  season,  at 
only  one  or  two  points  in  the  Pierre's  Mountains  are  these  deposits  well 
exposed.  Here  was  noted  the  nppor  Lithmtrotion  bearing  limestones, 
and  it  seems  not  improbable  the  older  formations  may  yet  be  found  in 
their  proper  order  in  the  ridge  terminating  in  Spring  Point.  They  here 
exhibit  the  same  lithological  and  mineralogical  concomitants  elsewhere 
prevalent,  and  wherever  the  rocks  are  much  disturbed  they  are,  in 
common  with  other  limestone  formations  above  and  below,  traversed  by 
seams  of  calc-spar,  which  doubtless  owe  their  origin  to  infiltration. 

Little  was  elicited,  in  the  course  of  the  hasty  examination  made  in  the 
T6ton  Eange,  relating  to  the  detail  stratigraphy  of  these  lower  limestone 
deposits,  beyond  the  recognition  of  the  various  groups  above  alluded  to 
in  the  similar  faunal  associations  which  also  here  occur.    We  also  ob- 
serve in  this  quarter  the  frequent  occurrence  of  red-stained  beds,  and  in 
the  vicinity  of  Station  XXXII,  at  the  northern  end  of  the  range,  these 
lower  horizons  are  quite  siliceous.    But  at  no  point  visited  were  the  pas- 
sage-beds at  the  base  of  the  series  satisfactorily  revealed,  although  it  is 
apparent,  almost  to  a  certainty,  that  the  space*  intervening  between  the 
Carboniferous  and  the  Niagara  limestones  is  occupied  by  soft  or  shaly 
deposits.    Even  the  Carboniferous  limestones  appear  to  be  interbedded 
With  shales  and  shaly  layers,  which  give  rise  to  the  step-like  steep 
slopes  of  their  outcrop,  which  usually  weathers  in  low  mural  exposures, 
alternating  with  narrow  taluses,  giving  to  some  of  the  isolated  outlines 
in  the  higher  portions  of  the  range  their  peculiar  pyramidal  form. 

In  the  Gros  Ventre  Mountains,  particularly  at  Station  XL VI,  we  gain 
i*  clue  to  the  character  of  the  inferior  deposits  of  this  series,  as  also  the 
nature  of  the  beds  of  passage.    The  latter  as  here  exposed  show  yellow 
'Weathered  shaly  deposits,  probably  made  up  of  limestones  and  shales, 
and  which  constitute  a  rather  marked  band  wherever  the  horizon  is  not 
covered  with  debris.    The  lower  limestones  are  a  grayish  or  bluish  drab 
color,  .overlaid  by  dark  brownish-drab  magnesian  layers  charged  with 
Semtpronites  crenUtria,  or  a  closely-allied  form.    The  thickness  of  the 
limestones  intervening  between  the  heavy  magnesian  limestone  of  the 
horizon  of  the  Niagara  and  the  upper  red  siliceous  or  arenaceous  horizon, 
which  latter  may  be  regarded  as  the  top  of  the  lower  series,  it  is  impos- 
sible to  state  with  accuracy ;  but  this  space  appears  to  be  of  less  vertical 
extent  at  this  locality  than  in  the  Teton  Mountains,  yet  it  may  reach 
1,000  feet. 

As  baa  already  been  observed,  in  the  vicinity  of  Buffalo  Fork  Peak 
the  deposition  of  limestone-making  materials  went  on  without  interrup- 
tion from  the  time  of  the  Upper  Quebec  limestone  to  the  Lower  Carbon- 
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iferous  limestones,  while  the  horizon  of  the  Niagara  is  greatly  attenuated 
and  represented  by  ordinary  limestones  difficult  to  distinguish  from  the 
beds  which,  a  little  higher  up,  contain  well-recognized  Carboniferous 
fossils.  But  to  whatever  period  these  doubtful  limestones  belong,  there 
is  entire  absence  of  beds  of  passage  of  mechanical  origin,  as  arenaceous 
and  argillaceous  materials,  so  that  the  physical  conditions  here  preva- 
lent wore  very  different  from  those  that  obtained  at  the  close  of  the  Que- 
bec and  Niagara  periods  in  other  portions  of  the  district  At  Station 
XLIX  tin1  lower  limestones  of  the  Carboniferous  exhibit  precisely  the 
same  features  as  mark  their  occurrence  in  the  Gros  Ventre  Mountains: 
lower  grayish-drab  cherty  limestones,  with  crinoidal  remains  and  a  me- 
dium-sized Orthoceras,  succeeded  by  dark  drab  ami  brown  magnesian 
beds  ami  buff  semi-magnesian  limestones,  and  which  probably  attain  an 
average  thickness. 

Upper  Carboniferous. — At  least  in  certain  areas  of  their  exposure  in  the 
district,  the  interval  between  what  has  been  regarded  as  the  top  of  the 
lower  and  the  base  of  the  upper  series  of  the  Carboniferous  is  occupied 
by  a  set  of  deposits  which  marks  an  abrupt  break  in  the  conditions  under 
which  the  heavy  series  of  lower  limestones  was  formed,  and  which  were 
thereafter  never  fully  re-established.    In  the  Teton  Mountains  this  change 
was,  perhaps,  most  pronounced,  and  inaugurated  the  dc]K>sition  of  are- 
naceous clays,  nodular  and  thin  l>eds  of  limestone,  finished  in  a  heavy 
bed  of  reddish-buff  laminated  sandstone,  and  intensely  hard,  brittle,  sili- 
ceous layers,  the  general  appearance  of  which  might  well  lead  the  ooser- 
ver  to  mistake  their  probable  relationship  and  refer  them  to  the  "red 
beds"  of  the  Triassic  ]xriod.    The  deposit  as  here  developed  ranges 
from  200  to  400  feet  in  thickness.    Remnants  were  met  with  as  far  north 
as  the  great  foreland  between  the  West  Teton  and  Bear  Creek,  but  to 
the  south  it  was  seen  at  several  localities  fully  developed,  and  the 
maturer  study  of  the  data  obtained  in  this  quarter  renders  almost  certain 
that  it  properly  belongs  to  the  horizon  above  indicated.    The  fact  of  the 
deposit  being  finished  by  hard  siliceous  ledges  has  preserved  it  lroni 
destruction  over  considerable  areas  in  the  great  foreland  south  of  West 
Teton  Creek,  where  the  superimposed  deposits  have  been  swept  awa.v, 
leaving  it  as  a  rocky  mail  protecting  the  limestones  below.    And  this 
office  assigned  it  in  the  economy,  so  to  speak,  of  the  mountain,  where  it 
in  places  apparently  constitutes  the  deposit  overlying  the  Carboniferous 
limestones,  together  with  its  striking  lithological  resemblance,  renders  the 
determination  of  its  real  strut  igraphical  relations  a  matter  of  unusual  in- 
terest and  importance.     So  far  as  we  have  been  able,  in  the  course  of 
hastily-executed  examinations,  to  study  the  true  "red  bed*  series  in 
localities  where  it  exhibits  what  may  be  regarded  as  its  typical  develop- 
ment, as  well  as  the  subjacent  deposits,  it  has  been  found  to  present  an 
entirely  different  association  of  features,  the  consideration  of  which  forma 
so  important  a  subject  of  inquiry  in  the  deposits  under  consideration. 

At  the-  extreme  southern  end  of  Teton  llunge  the  section  of  these  beds 
in  the-  crest  of  Station  XLTII  ridge,  given  in  a  preceding  page,  issullt- 
eieut,  it  would  appear,  to  dispel  any  doubts  raised  on  lithological  resem- 
blances of  the  actual  relations  of  these  beds.  We  here  find  intercalated 
with  the  red  arenaceous  shales  and  ferruginous  sandstones  layers  of 
limestone  which  contain  the  relics  of  a  Carboniferous  fauna.  And  these 
fossils  are  not  of  the  types  of  the  latest  period  or  epoch  of  the  series,  but 
are  of  not  later  date  than  the  Coal -Measures,  if,  indeed,  they  prove 
not  to  be  identical  with  Lower  Carboniferous  forms.  The  limestones  of 
the  latter,  which  here  immediately  underlie  these  passage  beds,  are 
charged  with  corals  and  other  fossiis  of  eminently  Lower  Carboniferous 


n.jomr.]     PALEOZOIC  AREAS — UPPER  CARBONIFEROUS.      489 

types,  as  understood  at  tbe  present  time.  Indeed,  these  upper  beds  re- 
call the  Saint  Louis  formation  from  the  abundant  prevalence  of  the  coral 
Lithastrotion  in  them.  These  distinctively  red  passage  beds  are  succeeded 
by  a  heavy  series  of  reddish-tinged  buff,  fragmentary,  siliceous  deposits 
and  limestones,  which  bridge  over  the  Teton  Pass  and  the  mountain  side 
to  the  west,  and  are  finally  succeeded  by  the  Triassic  "  red-beds"  within 
the  disturbed  belt  of  the  Snake  River  Kange  to  the  southwest.  The 
Gros  Ventre  Mountains  and  Buffalo  Fork  Peak  show  much  the  same 
materials  in  this  horizon,  so  far  as  time  permitted  of  ascertainment.  To 
the  west  and  southwest,  however,  this  particular  horizon  was  not  recog- 
nized, if  it  there  exists. 

The  principal  stratigraphical  peculiarities  of  the  Upper  Carboniferous 
series,  exclusive  of  the  extreme  upper  or  Penno-Carboniferous  horizons, 
consist  of  alternations  of  heavy  beds  of  brittle,  buff,  siliceous  material, 
or  buff,  reddish-tinged,  laminated  sandstones,  usually  quartzitie,  gray  to 
drab,  siliceous  or  cherty,  sometimes  spar-seamed  limestones,  and  vari- 
egated shales,  which  may  reach  a  thickness  of  from  1,000  to  2,000  feet. 
The  siliceous  deposits  predominate,  but,  owing  to  their  fragmentary 
nature,  their  outcrop  is  usually  strewn  with  the  fine,  angular  debris  de- 
rived from  the  breaking  up  of  their  own  beds,  except  where  the  ledges 
are  steeply  tilted,  when  they  are  weathered  into  exceedingly  craggy  crests 
or  hog-back  ridges.  These  siliceous  beds  have  afforded  no  fossils,  ex- 
cept fucoidal-like  markings.  The  limestones,  however,  afford  fossils, 
which,  as  has  been  pointed  out  in  preceding  pages,  present  Upper  Car- 
boniferous facies. 

In  the  Blackfoot  Kange  these  deposits  show  a  thickness  probably  as 
great  as  that  of  the  inferior  limestones.  Its  limestone  layers  contain, 
amongst  a  group  of  fossils  which,  in  the  present  state  of  knowledge, 
might  not  be  regarded  as  of  great  value  in  the  definition  of  epochal  forma- 
tions, a  few  forms  that  are  regarded  as  characteristic  of  the  Upj>cr  Car- 
boniferous or  Coal-Measure  period.  Such  are  the  Athyri*  subtiUta  and 
Produetus  langispinusj  which  are  associated  with  Productus  Hcmircticu- 
latus  (?)  HemiproniteSj  minute  crinoidal  columns,  Zaphrentoid  corals,  aud 
a  delicate  form  of  Syrinyopora.  On  the  northeast  Hank  of  the  Caribou 
Bange,  limestones  which  hold  apparently  the  same  relative  position  are 
crowded  with  crinoidal  columns,  Ptilodktya,  Fencstella,  Sjyirifer,  Pro- 
ductus. and  a  small  Platyccras  undistinguishablo  from  a  form,  originally 
described  by  Mr.  Meek,  from  the  Upper  Coal  Measures  of  Nebraska,  and 
which  has  subsequently  been  identified  by  Dr.  White  in  collections  from 
Carboniferous  rocks  near  Santa  Fe. 

East  of  the  Mount  Putnam  ridge  the  sedimentary  strata  form  a  shal- 
low synclinal,  in  the  eastern  border  of  which  occurs  a  heavy  series  of 
siliceous  beds  and  quartzitic  sandstones,  interbedded  with  bands  of  lime- 
stone, which,  although  not  with  certainty  identified  with  the  Upper  Car- 
boniferous, hold  a  position  inferior  to  the  Jurassic  deposits,  which  latter 
occur  in  tlie  low  ridge  along  the  axis  of  the  synclinal.  It  is  possible 
that  these  upper  siliceous  horizons  include  Permian  or  Penno-Carbon- 
iferous beds.  But  to  the  north,  in  the  continuation  of  the  same  ridge  at 
Station  V,  Higham's  Peak,  the  partially  magnesian  limestone  layers 
associated  with  the  siliceous  deposits,  which  latter  are  here  tilted  into 
vertical  position,  traces  of  an  interesting  fossil  fauna  were  observed, 
consisting  of  Myalirut,  Ariculopccten,  Spirifer,  and  crinoidal  remains, 
which  certainly  recall  the  faunal  phases  of  high  Upper  Coal-Measure  de- 
posits in  the  country  bordering  the  Lower  Missouri  in  Iowa,  Kansas,  and 
Nebraska.  But  at  this  locality  the  strata  are  in  so  disturbed  a  condition 
as  to  render  their  satisfactory" study  an  undertaking  of  some  difficulty. 
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Apparently  tbe  same  set  of  limestone  and  siliceous  strata  prevails  in 
the  Gros  Ventre  and  Buffalo  Fork  Mountains,  but  time  did  not  permit 
of  more  detail  examinations  beyond  recognizing  their  general  similarity  to 
synclironous  deposits  in  other  parts  of  the  district. 

Pernio- Carboniferous. — The  discovery  of  Permian  or  Permo-Carbon- 
iferous  horizons  in  the  Rocky  Mountain  region,  and  in  the  great  plateau 
to  the  west,  was  announced  now  several  years  since,  and  their  occurrence 
in  this  more  northern  quarter  is  no  more  than  might  have  been  antici- 
pated, however  interesting  the  fact. 

As  already  mentioned,  in  the  low  divide  next  east  of  Mount  Putnam 
occurs  a  rather  heavy  ledge  of  limestone,  overlying  white  and  buff  sand- 
stones and  arenaceous  shaly  deposits,  which  was  found  to  contain  a 
meagre  fauna  resembling,  so  far  as  the  imperfect  preservation  of  the 
specimens  enables  the  determination  of  their  generic  and  specific  affini- 
ties, forms  prevalent  in  Permo-Carboniferous  horizons.  These  consist 
of  a  little  coral,  like  Stenopora  or  Chcetetcn^  a  small  Pleurophorus  (i)}  a 
medium-sized  Schizodus  (? ),  and  an  obscure  shell,  which  may  belong  to 
Athyris.  The  stratum  in  which  the  above  fossils  occur  is  overlaid  by  a 
heavy  series  of  geuerally  bull-gray,  sometimes  reddish,  hard  sandstones, 
with  intercalated  thin  layers  of  limestone,  in  which  no  fossils  were  de- 
tected ;  and  this  is  in  turn  succeeded  by  Jurassic  beds  containing  char- 
acteristic fossils.  The  deposit  holding  the  above-mentioned  fossils  would, 
therefore,  on  stratigraphical  grounds  alone,  be  referred  to  the  Upper  Car- 
boniferous, while  the  apparent  affinities  of  the  fossils  themselves  strongly 
favors  their  reference  to  the  latest  epoch  of  the  period. 

The  narrow  belt  of  Palaeozoic  that  fringes  the  northeastern  flank  of 
the  Caribou  Range,  at  one  place  between  Fall  and  Pyramid  Creeks,  re- 
veals an  interesting  exposure  of  the  upi>ermo8t  horizons  of  the  Carbon- 
iferous.   We  here  meet  with  associations  of  fossils,  Pleurophorw  and 
other  Lamellibranehiate  shells,  which  possess  a  peculiarly  Permo-Car- 
boniferous fades.    The  beds  containing  the  fossils  belong  to  a  heavy 
series  of  limestones  and  sandstones  several  hundred  feet  in  thickness, 
and  which  somewhat  contrast  with  equivalent  horizons  in  other  parts 
of  the  district,  as  will  be  apparent  from  a  comparison  of  the  sections  of 
these  beds  to  which  reference  has  been  made  in  preceding  chapters  on 
local  geology ;  but  this  may  be  due  to  the  particularly  clear  exposure  of 
the  strata  at  the  present  locality,  while  elsewhere,  with  rare  exceptions, 
they  are  much  obscured  by  detrital  accumulations  in  the  surface.  These 
Permo-Carboniferous  deposits  abruptly  cease  in  a  heavy  l>ed  of  lime- 
stone, upon  which  rest  the  Triassic  "  red -beds  j"  while  below  they  were 
preceded  by  limestones  containing  fossils  which  have  been  referred  to 
the  age  of  the  Upper  Coal  Measures. 

The  northeastern  belt  in  the  Snake  River  Range  exhibits  another  com- 
paratively clear  exposure  of  these  deposits,  where  the  strati  graphic  de- 
tails of  their  occurrence  are  varied  to  some  extent,  while  paleontolojrj- 
cally  they  oiler  the*,  same  distinctive  features  which  characterize  the  hori- 
zon at  other  localities.  But  in  this  quarter,  as  in  the  Caril>ou  Range? 
the  uppermost  deposit  consists  of  a  heavy  bed  of  limestone,  containing 
a  small  Plenrojriiorus-Wko,  shell,  and  Lingula,  and  which  is  immediately 
overlaid  by  the  typical  "red  beds."  The  section  in  the  vicinity  of  Sta- 
tion XL  presents  a  fair  view  of  the  relative  position  of  these  deposits, 
which  may  include  a  thickness  of  500  to  800  feet.  In  the  Teton  Mount- 
ains and  eastern  portion  of  the  district  it  is  not  improbable  similar  de- 
posits will  be  found  to  occur,  although  none  were  observed  in  that  quar- 
ter the  x>ast  season. 
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MESOZOIC  AREAS. 

From  our  present  understanding  of  the  occurrence  of  the  various 
geological  formations  in  tbe  district,  it  is  apparent  that  over  its  entire 
extent  prevailed  conditions  favorable  for  the  accumulation  of  groups  of 
strata  representative  of  one  or  more  of  the  great  periods  into  which  the 
Mesozoic  era  was  divided.  Hence,  in  their  distribution,  the  Mesozoic 
formations  are  generally  found  in  one  or  other  or  both  sides  of  the  up- 
lifted Palaeozoic  areas,  where  they  occur  in  belts  of  greater  or  less  ex- 
tent, according  to  the  varying  conditions  to  which  they  have  been  sub- 
jected subsequent  to  their  upheaval  in  the  mountain  borders.  In  the 
loftiest  mountain  elevations,  as  in  the  Teton  Range,  denudation  has  el- 
fected  their  almost  total  removal,  limiting  their  occurrence  to  zones  low 
in  the  outlying  flanks,  where  they  are  in  many  instances  completely  hid- 
den from  sight  by  eruptive  and  detrital  accumulations.  But  besides 
these  areas,  there  are  also  perhaps  still  more  extensive  belts  which  may 
almost  be  regarded  as  isolated,  forming  the  bulk  of  mountain  ridges,  as 
instanced  in  the  Caribou  Range,  where  the  Mesozoic  beds  together  with 
still  more  recent  formations  have  been  thrown  into  a  most  extraordinary 
series  of  flexures  and  folds.  In  the  following  pages  brief  mention  is 
made  of  the  present  distribution  of  the  various  areas  in  which  rocks 
of  this  era  occur,  and  the  more  or  less  local  aspects  under  which  the 
component  formations  appear  within  the  district. 

Toward  the  south  end  of  the  Blackfoot  Range,  on  the  southwest 
flank,  a  limited  exposure  of  Jurassic  is  found,  which  impinges  on  the  Car- 
boniferous rocks  in  the  mountain  ridge  in  a  position  such  as  leads  to  the 
conclusion  that  the  strata  are  faulted,  the  Jurassic  beds  being  a  remnant 
of  the  west-side  downthrow.    A  scries  of  low  secondary  ridges  south 
of  the  Blackfoot  Range,  at  Stations  XII  and  XIII,  are  made  up  of  well- 
defined  Jurassic  beds  which  have  been  upraised  into  asymmetrical  anti- 
clinal, beyond  which  occurs  a  much  more  complicated  belt  occupying  the 
space  intervening  between  these  ridges  and  a  higher  outlying  Carbonifer- 
ous ridge  on  the  north.    The  same  series  of  strata  reappear  on  the  south- 
west side  of  the  Blackfoot  on  the  extreme  southern  bonier  of  the  dis- 
trict, but  soon  disappear  beneath  the  Pliocene  and  volcanic  deposits, 
which  latter  occupy  a  broad  belt  on  the  eastern  flank  of  the  low  ridge 
extending  south  from  Higham's  Peak.    In  the  latter  divide  the  Mesozoics, 
Jurassic,  and  possibly  Triassic,  form  the  axis  of  a  synclinal,  which  to 
the  south,  also  nearly  corresponds  to  the  water-divide  of  the  Ross  Fork- 
Portneuf  and  Blackfoot  drainage.    The  end  of  the  ridge  on  the  west 
side  of  Lincoln  Creek,  according  to  Professor  Bradley,  shows  a  heavy 
plating  of  the  same  series.    On  the  eastern  side  of  this  synclinal,  the 
strata  were  involved  in  tremendous  disturbance,  the  Carboniferous  stand- 
ing in  vertical  ledges,  and  the  Jurassic  also  showing  very  irregular  and 
Variable  dips,  as  though  two  distinct  sets  of  disturbing  forces  had  here 
anet,  throwing  the  strata  into  greatest  confusion. 

In  the  before-mentioned  areas,  where  these  rocks  are  in  intimate  asso- 
ciation with  Palaeozoic  areas,  interesting  examples  are  met  with  in  the 
low  ridges  west  of  John  Gray's  Lake,  showing  a  heavy  series  of  strata, 
probably  including  both  Triassic  and  Jurassic  deposits,  which  seem  to 
partially  ibid  round  their  extremities,  the  nucleal  rocks  consisting  of 
Carboniferous  deposits.  In  the  Caribou  Range  the  same  deposits  appear 
in  two  or  three  anticlinal  folds,  in  places  inserted  and  possibly  faulted, 
the  direction  of  the  forces  concerned  in  the  disturbance  very  nearly  cor- 
Tespouding  with  that  of  the  present  mountain  range.    The  middle  por- 
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tion  of  the  Snake  River  Range  is  occupied  by  a  much  disturbed  belt,  in 
which  rocks  of  the  age  of  the  Triassic  and  Jurassic  take  a  prominent 
part.  Their  position  in  that  part  of  the  range  visited  is  upon  the  south- 
west flank  of  a  faulted  anticlinal,  the  beds  dipping  into  a  rather  wide 
depression  intervening  between  the  two  Carboniferous  belts  on  the  north- 
east and  southwest  borders  of  the  range,  and  which  is  filled  with  softer 
and  more  recent  deposits,  probably  of  the  early  Cenozoic.  But  to  the 
southeast,  in  the  neighborhood  of  the  upper  entrance  to  the  Grand  Cafion, 
apparently  corresponding  deposits  are  thrown  into  a  series  of  sharp  folds, 
as  indicated  by  thi1  observations  on  this  region  recorded  by  Professor 
Bradley.  Only  at  the  southern  extremity  have  strata  of  Mesozoic  age 
been  detected  in  the  Teton  Range,  where  a  remnant  remains  on  the  west- 
ern flank  descending  into  the  valley  of  West  Ttfton  Pass  Creek.  But  on 
the  northern  and  southwestern  flanks  of  the  Gros  Ventre  Mountains  a 
fine  exhibition  of  these  rocks  is  met  with.  Indeed,  in  the  northern  de- 
clivity of  the  range,  to  the  east,  Dr.  Hayden,  in  18G0,  discovered  repre- 
sentative formations  pertaining  to  all  three  of  the  Mesozoic  periods,  viz, 
Triassic,  Jurassic,  and  Cretaceous.  The  same  series  of  formations,  at 
least  the  "red  beds"  of  the  Trias  and  probable  Jurassic  deposits,  have 
been  upraised  on  the  flanks  of  the  Buffalo  Fork  uplift,  which  they  doubt- 
less encompass  in  a  belt  of  variable  width.  Professor  Bradley  notes  a 
limited  belt  of  probable  Triassic  sandstones  and  red  beds  in  the  northern 
extremity  of  the  mountain  ridge  l>etween  Buffalo  Fork  and  the  main 
Snake  River  north  of  Jackson's  Basin. 

The  rocks  of  this  era  in  the  region  under  consideration  represent  its 
three  periods,  a  generalized  section  of  which  is  given  below: 

General  section  of  Mesozoic  formations  in  the  Titon  district. 
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.     a  '  Sandstone  s.  limestones,  arenaceous  marls,  and  indurated  clay*,  underlaid  by  drab  or 
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i     ~     |     i.     '•  Limestones,  indurated  calcareous  shales,  variegated  clays,  and  sandstones;  1,000  to 
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i.     (  Deep-red  arenaceous  shales,  with  dral»  clays,  thin  limestone  layer*,  and  heavy  bedi of 
red,  somctime»  bull,  sandstones;  1,000  feet  and  less,  to  2,500  feet  or  more. 


TRIASSIC. 

The  "  red  bed  "  or  Triassic  series  is  well  developed  in  most  parts  of 
the  district  where  the  strata  of  this  period  have  been  brought  to  vieir 
by  upheaval  and  denudation.  But,  largely  owing  to  the  pre  valence  of 
shaly  matter  in  their  composition,  at  only  few  localities  are  they  at  all 
well  exposed.  In  the  southwest  it  would  appear  doubtful  whether  these 
deposits  attain  anything  like  their  normal  development,  at  least  under 
the  typical  lithological  phases  which  so  uniformly  distinguish  the  hori- 
zon to  the  east.  In  the  vicinity  of  Fort  Hall  a  heavy  series  of  snpra- 
Carhonifcrous  and  infra -Jurassic  siliceous  and  calcareous  deposits  con- 
stitute a  large  share  of  the  strata  making  up  the  divide  ridge  between 
Koss  Fork  and  the  Blackfoot,  northeast  of  Mount  Putnam,  the  relative 
position  of  which  corresponds  to  that  of  the  Trias.    But  if  we  are  to 
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include  in  the  latter  the  deposits  here  referred  to,  which  embrace  a  thick- 
ness of  about  2,000  feet,  the  depositions  of  the  period  underwent  marked 
change  in  their  lithological  appearance  and  the  nature  of  the  compo- 
nents—indeed to  such  an  extent  as  to  render  the  term  red  beds  of  no  de- 
scriptive significance  in  this  quarter.  The  appearance  presented  by  the 
horizon  here  alluded  to  is  shown  in  the  section  across  this  ridge  at  a 
point  but  a  short  distance  north  of  our  southern  boundary,  a  description 
of  which  has  been  given  in  a  preceding  page. 

A  few  miles  to  the  north,  however,  in  the  vicinity  of  Station  IV,  there 
occurs  a  set  of  red  sandstone  strata  and  deep-red  arenaceous  shales, 
underlaid  by  a  heavy  ledge  of  coarse,  conglomeritic,  quartzitic  red  sand- 
stone, which,  lithologically,  bears  marked  resemblance  to  portions  of  the 
u  red  bed v  series.  But  the  details  of  the  structural  complications  ac- 
companying these  deposits  at  the  latter  locality  have  not  been  suffi- 
ciently investigated  to  warrant  a  more  definite  statement  of  their  strati- 
graphical  relations  than  that  based  upon  lithological  resemblances.  And, 
so  far  jas  lithological  appearances  may  be  relied  upon,  the  reddish  sand- 
stones to  the  southwest  and  northwest  of  Higham's  Peak  (Station  V) 
might  be  compared  with  the  Triassic  "  red  beds,"  only  these  deposits  oc- 
cur outside  of  and  apparently  overlying  a  belt  of  limestones  whose  fos- 
sils sire  probably  allied  to  Jurassic  forms.  Hence,  in  regard  to  the 
horizons  of  this  period  in  the  southwest  portion  of  the  district,  I  can 
speak  with  any  degree  of  confidence  only  of  the  section  above  mentioned, 
which  crosses  this  ridge  near  our  south  line,  and  where  the  "  red  beds," 
as  such,  are  scarcely  recognizable  lithologically. 

The  examinations  in  these  deposits  in  the  basin  ridges  west  of  John 
Gray's  Lake  merely  recognized  their  presence  as  heavy  beds  of  red  sand- 
stones and  sandy  shales,  while  in  the  vicinity  of  the  Blackfoot  Range 
only  remnants  of  the  formation  were  met  with.    But  in  the  Caribou 
Range  the  Triassic  deposits  are  developed  under  their  ordinary  phases, 
and,  as  seen  along  the  northeast  flank  of  the  range,  they  may  attain  an 
average  thickness.   In  this  quarter  it  was  found  to  be  in  many  instances 
difficult  to  distinguish  between  these  deposits  and  a  series  of  red  sand- 
stones and  shales  which  belong  to  a  later  formation,  overlying  or  inter- 
bedded  with  limestones  containing  Jurassic  fossils.    Such  is  the  case  in 
the  mountain  block  between  Fall  Creek  and  Pyramid  Creek,  and,  unless 
these  deposits  reach  an  enormous  vertical  thickness  at  this  locality,  it 
may  be  questioned  whether  the  red  sandstone  forming  the  crest  of  Sta- 
tion XXV  ridge  is  not  a  member  of  the  Jurassic  rather  than  of  the  Trias. 
To  the  northwest  of  the  latter  point  the  space  occupied  by  these  de- 
posits probably  docs  not  exceed  1,500  feet,  and  it  may  not  bo  above 
1,000  feet.    Above  the  latter  locality  the  Trias  gradually  declines  in  the 
present  mountain  border,  being  confined  to  a  narrow  strip  adjacent  the 
valley  and  not  well  exposed  at  the  points  visited  south  of  McCoy  Creek; 
this,  of  course,  assuming  that  the  rusty -red  sandstones  and  shales  and 
intercalated  limestones  at  the  latter  locality  and  vicinity  pertain  to  the 
^Jurassic.    Rocks  of  this  age  were  not  recognized  in  the  wider  belt  extend- 
ing over  across  to  the  southwest  base  of  the  range  at  any  part  within 
our  territory. 

The  Trias  is  much  more  prominently  displayed  in  the  Snake  River 

Xtange,  and  may  be  traced  lor  miles  by  its  color  characters,  its  outcrop 

forming  a  narrow  belt  of  variable  width,  extending  from  the  Pierre's 

^Mountains  in  the  northwest  to  the  low  mountains  south  of  Teton  Pass, 

whence  they  probably  extend  down  to  the  Snake  River  in  the  vicinity 

of  the  upper  entrance  to  the  Grand  Canon.    In  the  immediate  vicinity 

of  Station  XL  this  horizon  is  well  exposed,  consisting  of  heavy  deposits 
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of  deep-red  arenaceous  shales  and  harder  sandstone  beds,  with  a  single 
limestone  stratum  observed,  approximating  a  total  thickness  of  2,500 
feet.  The  deep-red  shaly  deposits  also  include  layers  of  drab-colored 
shales.  The  sandstones  are  gray  or  rusty  buff  to  brown  weathered  and 
light  red  in  color,  in  one  of  the  lower  layers  of  which  occur  very  in- 
distinct bodies  which  resemble  medium-sized  ovoid  lamellibranchiate 
shells,  but  too  imperfect  for  determination.  These  deposits  are  included 
between  a  limestone  holding  fossils  of  a  Pcrmo-Carboniferous  facies 
below  and  a  ledge  of  grayish-drab  limestone  with  Jurassic  forms  above. 
Elsewhere  in  this  mountain  range,  as  in  the  vicinity  of  Teton  Pass, 
horizons  show  deep-red  sandstones  and  shales.  The  structural  accom- 
paniments in  this  region,  as  also  the  probable  distribution  of  the  same 
deposits  in  belts  occurring  to  the  southwest,  have  already  been  alluded 
to  in  the  notice  of  the  observations  made  in  the  Snake  River  Range. 

The  last  above-mentioned  series  of  u  red-bed "  exposures,  according 
to  Professor  Bradley,  reappear  to  the  east  of  the  Snake  in  the  moun- 
tainous belts  outflanking  the  Gros  Ventre  Range  on  the  southwest ;  and 
along  the  northern  flank  of  the  latter  range  and  in  the  Gros  Ventre  Val- 
ley they  constitute  a  heavy  seiies,  including  a  bed  of  gypsum.  Their 
occurrence  in  the  vicinity  of  the  Buffalo  Fork  uplift  is,  so  far  as  could  be 
made  out,  accompanied  by  a  typical  representation  of  the  series. 

jitkassic. 

It  is  difficult  to  assign  to  this  member  of  the  Mesozoic  age  a  set  of 
strut  igraphical  characters  typical  of  its  occurrence  in  all  portions  of  the 
district.    In  the  southwestern  section,  where  the  Jurassic  strata  consti- 
tute an  important  series  in  the  low  mountain  folds  either  side  of  the 
Klackfoot,  showing  a  thickness  of  a  couple  of  thousand  feet,  more  or  less, 
the  lower  portion  is  made  up  of  gray  and  drab  limestones,  sometimes 
magnesian  and  in  places  cherry,  inte-rbedded  with  chocolate-colored 
partially  indurated  shales  and  occasional  layers  of  reddish  sandstone, 
the  upper  portion  showing  several  layers  of  gray  chocolate  or  rusty 
weathered,  sometimes  arenaceous  limestones,  with  drab  and  chocolate- 
colored  shales  and  indurated  argillo-arenaceous  beds.    This  is  essentially    - 
the  stratigraphical  struct  ure  of  the  formation  or  that  portion  of  it  cx]>osed  ^ 
in  the  low  divide  between  the  Blackt'oot  and  Ross  Fork-Lincoln  drainages.,.^ 
At  the  latter  locality,  the  upper  limestones  are  quite  fossiliferous,  beings^ 
charged  with  Aricuhpecten^  Pseudomonotix,  Camptonectes,  Myaciteif,  Pk(h^+ 
ItHhinya,  and  other  Lamellihranchiates;  the  lower  l>eds  preserving  on^^ 
comminuted  fragments  of  fossils,  although  elsewhere  these  beds  affor^^ 
fragments  of  Pentucrinltcs  and  a  small  <Jryph<va(t),  &c.     Ilowever,  in    ^ 
single  stratum  low  in  the  series  a  few  obscure  fossils,  in  the  condition  of 
casts,  were  met  with  including  Aviculopcctcn(i)  and  two  or  three  other 
small  Lamellibranchiate  shells,  DentaUum(l)  arid  a  minute  Gasteroporf 
like  Viviparwt. 

The  same  series  of  upper  beds  also  appears  in  the  low  ridges  east  of 
the  lUackfoot,  at  Stations  XII  and  XIII.  At  the  latter  locality  these 
well-marked  Jurassic  limestones  are  succeeded  on  the  north  by  a  series 
of  gray  limestones,  reddish  quartzitic  sandstones,  and  red  shales,  occu- 
pying a  belt  about  a  mile  across,  reaching  over  to  the  Carboniferous 
ridge,  the  complicated  structural  features  of  which  are  very  obscure  find 
were  not  satisfactorily  made  out ;  but  these  limestones  were  ioniul  to 
contain  at  one  point  an  obscure  Lamellibranchiate  resembling  A  rid"* 
pivtcn,  and  at  another  place  the  fragmentary  remains  of  what  appw 
to  be  Veratites.    Of  the  latter,  during  the  past  season,  Dr.  Pealo  «!& 
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covered  and  brought  in  from  the  region  south  of  tbis  a  beautiful 
collection,  including  several  species  of  this  genus ;  but  at  the  present 
locality  this  Ceratite*  limestone  and  associated  beds  are  in  so  confused 
a  state  as  to  render  their  relations  either  to  the  well-determined  Jurassic 
on  the  one  hand,  and  the  equally  characteristically  marked  Upper  Car- 
boniferous on  the  other,  a  subject  of  much  perplexity.  However,  the 
Ceratites  bed  unquestionably  overlies  the  Upper  Carboniferous,  between 
the  siliceous  beds  of  which  and  this  particular  horizon  intervenes  a  space 
of  between  a  quarter  and  half  a  mile  across,  in  which  obscurely  exposed 
red-earth  or  arenaceous  deposits  occur.  Hence,  it  would  appear  that 
the  Ceratites  bed  probably  occurs  at  the  base  of  the  Jurassic,  though  it 
may  possibly  pertain  to  the  upi>er  portion  of  the  Trias,  to  which  the  red 
arenaceous  deposits  probably  belong.  A  few  miles  due  west  of  this 
locality,  where  the  same  or  iuferior  limestones  of  the  Jura  are  pretty 
well  exposed,  in  the  often-mentioned  ridge  west  of  the  Blackfoot,  the 
occurrence  ot  Ceratites,  if  they  exist  in  these  beds,  was  overlooked ;  but 
in  the  outlying  belt  on  the  east  flank  of  the  Carboniferous  ridge  south 
of  John  Gray's  Lake,  just  over  our  southern  border,  fragments  of  similar 
gray  limestone  were  observed,  but  not  in  titii,  which  abounded  in  these 
interesting  fossils.  At  the  latter  locality  apparently  a  heavy  series  of 
red  arenaceous  deposits,  comparable  with  the  Triassic  "red  beds,"  Alls 
the  space  intervening  between  the  Carboniferous  ridge  and  the  low  ridge 
in  the  crest  of  which  the  Ceratites  limestone  debris  was  found.  The  two 
above  localities  were  the  only  places  where,  this  rock  was  observed  within 
our  district,  and  I  have  mentioned  all  the  facts  elicited  in  relation  to  its 
occurrence  in  order,  if  possible,  to  contribute  something  towards  the 
data  for  establishing  the  stratigraphic  position  of  the  horizon. 

The  remnants  of  Jurassic  strata  elsewhere  occurring  in  the  Blackfoot 
Range  afford  little  of  interest  in  this  special  connection. 

To  the  northeast  in  the  mountainous  belt  of  the  Caribou  Range  the 
Jurassic  deposits  enter  largely  into  the  stratigraphic  structure  of  a  sys- 
tem of  folds,  which  are  finely  displayed  in  some  of  the  deeper  canons 
crossing  the  range  transverse  to  the  direction  of  the  folds,  which  deter- 
mined that  also  of  the  mountain  range.  On  the  northeast  think  of  the 
northern  part  of  the  range  these  deposits  reach  a  thickness  of  2,0(K)  to 
3,000  feet,  but  neither  above  nor  below  could  the  exact  limits  of  the 
series  be  satisfactorily  determined.  It  consists  of  limestones,  drab  and 
variegated  shales,  and  indurated  calcareous  shales,  with  occasional  hori- 
zons of  brownish  and  reddish  sandstones.  A  fair  understanding  of  the 
deposits  in  this  quarter  may  be  gathered  from  the  section  through  Sta- 
tion XXIV.  The  Jurassic  limestones  and  shales  at  this  locality  are 
overlaid  by  a  heavy  ledge  or  ledges  of  quartzitic  sandstone,  beyond 
which,  in  successive  superimposed  positions,  occur  heavy  beds  of  red 
arenaceous  materials  and  drab  indurated  calcareous  deposits,  which  ap- 
pear to  be  conformable  with  the  older  formations. 

To  the  southeastward  much  the  same  series  of  deposits  were  encoun- 
tered as  far  as  our  examinations  were  carried.  But  in  the  section  here 
presented  we  in  vain  seek  for  the  counterpart  of  certain  horizons  which 
perform  so  important  part  and  are  so  well  characterized,  palcontologically 
and  lithologically,  in  the  southwestern  areas  of  this  formation.  The  dis- 
tribution of  the  fossils  would  appear  to  be  much  more  general,  with  fewer 
local  faunae,  such  as  were  found  in  the  arenaceous  limestones  on  Lincoln 
Creek.  The  forms  most  prevalent  are  a  small  Ostrea(f)  and  one  or  two 
form s of  small  Gasteropods,  the  specific  affinities  of  thclatter,  owing  tothe 
indifferent  state  of  preservation  of  the  specimens,  being  indeterminable, 
although  they  may  belong  to  Viviparu*.    However,  there  occur  other 
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forms  of  LamelUbranchiates,  and  fragments  of  the  columns  of  Pentacri- 
nites  in  widely-separated  horizons  in  the  series ;  while  there  are  layers, 
as  at  Station  XXVII  ridge,  characterized  by  peculiar  faunal  assem- 
blages. At  the  latter  locality,  a  bed  ;s  thus  charged  with  a  beautiful 
little  Exogyra,  BelemniteSj  &c.  The  latter  fossil  was  also  met  with  in  the 
vicinity  of  Station  XX,  in  the  northwestern  part  of  the  range.  Along 
the  western  border  of  the  range  the  Jurassic  is  succeeded  by  the  Ceno- 
zoic(f)  formations,  which  apparently  constitute  about  a  third  of  its 
bulk,  although  the  same  deposits  occur  in  belts  of  greater  or  less  extent 
farther  east. 

Perhaps  one  of  the  most  interesting  sections  of  the  Jurassic  met  with 
during  the  season  was  that  in  the  northeastern  portion  of  the  Snake 
River  Range,  in  the  vicinity  of  Station  XL,  a  detail  description  of  which 
is  presented  in  a  preceding  page.  In  a  thickness  of  about  1,500  feet 
there  are  two  or  three  heavy  beds  of  limestone,  one  of  which  forms  the 
base  of  the  formation,  with  heavy  deposits  of  drab  indurated  calcareous 
shales,  and  variegated  chocolate-red  clay  shales,  the  upper  500  feet  being 
made  up  of  grayish  buff  hard  sandstones  and  sandy  shales,  capi>ed  by 
a  heavy  ledge  of  rusty  brown  and  reddish  conglomeritic  sandstone, 
which  has  almost  the  compactness  of  quartzite.  The  latter  deposit  is 
succeeded  by  light-drab  fragmentary  limestones  and  variegated  shales, 
which  in  turn  are  capped  by  a  heavy  ledge  of  reddish-buff,  hard  sand- 
stone, the  whole  adding  a  thickness  of  500  to  900  feet  to  the  lower  series, 
or  a  total  of  2,400  feet. 

No  fossils  were  detected  in  the  upper  series  of  limestone  strata,  conse- 
quently its  relation  to  the  lower  series  cannot  be  more  definitely  stated 
than  that  it  occupies  a  conformably  superimposed  position.  But  in  the 
lower  series  of  limestones  and  indurated  calcareous  deposits,  we  find  an 
indubitable  Jurassic  fauna.  The  latter  beds  arc  crowded  with  individ- 
uals of  a  small  Gryphcca,  like  G.  calceola,  and  a  small  Otttrea(t)  less 
numerous.  The  basis  limestone  affords  the  remains  of  Pentacrinites,  a 
largish  smooth  Lamellibranchiate,  resembling  Camptonectes,  and  a  small 
indeterminate  Gasteropod. 

The  conglomeritic  sandstone  bears  some  resemblance  to  the  heav 
quartzitic  sandstone  capping  the  Jurassic  limestone  series  in  the  vicinity 
of  Station  XXIV  in  the  Caribou  Range,  15  to  20  miles  in  a  direct  liu 
to  the  southwest ;  and  it  will  be  recollected  at  that  locality  this  saiidstou^^ 
horizon  is  also  succeeded  above  by  drab  calcareous  deposits.     Rut  a^     , 
the  latter  locality  the  determinate  Jurassic  limestone  series,  with  it:   ^ 
associated  shales  and  sandstones,  attains  a  thickness  more*  than  a  thirv7 
greater,  while  it  presents,  in  the  character  of  the  associated  strata,  y 
marked  contrast  to  the  lower  series  as  it  occurs  immediately  southwe>.f 
of  Station  XL  at  the  present  locality.    This  belt  of  Jurassic  may  7*?. 
traced  to  the  southeast  as  far  at  least  as  Station  XXXIX,  and  it  will 
probably  be  found  to  extend  quite  to  the  Snake,  south  of  the  T6ton 
Range.     Remnants  of  Jurassic,  beds  also  occur  iu  the  debouchero  of 
"West  Teton  Pass  Creek,  and  probably  once  reached  high  up  on  thelY*^0U 
Range,  lapping  up  on  the  southwest  terminus,  subsequent  erosion,  1"»*>V" 
ever,  having  removed  them  from  the  higher  acclivities. 

Along  the  western  end  of  the  Gros  Ventre  Range,  in  the  region  fr^1^" 
in g  Jackson's  Basin,  theMesozoic  formations  have  been  entirely  denu*  *e"' 
But  on  the  north  Hank  of  the  range  Dr.  Ilayden  noted  the  or*;11'" 
rence  of  Jurassic,  constituting  an  outlying  belt  succeeding  the  Ti~1J,.s> 
but  which  erosion  has  reduced  to  very  variable  width  on  the  momi  *"a,D 
Hank  as  compared  with  its  appearance  over  less  exposed  situati*  *"* 
Beyond  their  probable  occurrence  in  the  Mesozoic  belt  surrounding   *"e 
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Buffalo  Fork  Mountains,  little  was  acquired  relative  to  their  detail-strati 
raphy  in  that  section. 

CRETACEOUS. 

« 

The  work  of  the  past  season  in  this  district  did  not  encounter  rock 
of  the  age  of  the  Cretaceous,  so  far  as  may  be  judged  from  paleontolog 
ical  evidence.  However,  to  the  south  of  our  southwestern  section,  in 
the  contiguous  district,  Dr.  Peale  discovered  beds  pertaining  to  the  Fox 
Hills  Group,  charged  with  u  distinctive  fauna ;  but  the  northern  exten- 
sion 6t  the  highlands,  in  which  the  latter  Cretaceous  deposits  were  found, 
exhibited  no  certain  evidence  of  the  existence  of  similar  horizons.  In 
the  vicinity  of  Fort  Hall,  to  the  east  and  northeast,  outflanking  the 
JmpgQic  on  the  west,  in  the  disturbed  belt  at  the  intersection  of  the 
Mount  Putnam  and  the  Stations  IV  and  V  displacements,  occurs  a 
rather  heavy  series  of  red  sandstones  which  may  possibly  be  synchronous 
with  some  formation  of  this  period.  But  the  evidence  is  unsatisfactory 
and  wholly  based  on  apparent  superposition  of  these  deposits  to  fossil- 
iferous  Jurassic  limestones,  the  connection  between  which  could  not  be 
traced.  On  the  northern  flank  of  the  Gros  Ventre  Range,  however,  Dr. 
Hayden  discovered  Cretaceous  strata  with  characteristic  fossils,  Inocera- 
muMj  Qstrea,  Pinna,  Cardium,  &c,  a  condensation  of  which,  as  well  as 
Dr.  Hayden's  notes  on  the  same,  is  incorporated  in  a  preceding  page. 

As  to  the  later  series  of  formations  belonging  to  Cenozoic  time,  of 
which  extensive  and  very  varied  exhibitions  were  found  within  the  ter- 
ritory of  this  division,  their  further  consideration  in  this  connection  is 
deferred  until  a  future  time,  when  it  is  hoped  that,  with  more  complete, 
or  at  least  more  extended,  observation  in  the  unvisited  quarters  of  the 
district  where  these  deposits  are  l>elieved  to  take  a  conspicuous  place 
among  the  later  sedimentary  formations,  some  connection  may  be  traced 
by  means  of  which  we  shall  the  better  be  able  to  understand  the  rela- 
tions of  these,  perhaps,  anomalous  late  Mesozoic  and  Cenozoic  deposits 
with  their  appearance  in  better-known  localities  in  the  country  farther 
sooth. 

32GS 


CHAPTER  VI. 


VOLCANIC  BOCKS.— GENERAL  CHARACTER  £8D  DISTRI- 
BUTION. 

That  series  of  rock  formations  which  owes  its  origin  to  volcanic  or 
other  igneous  action  is  both  varied  and  extensively  distributed  over  the 
district  As  here  referred  to,  it  embraces  none  rat  the  later  eruptive 
materials,  since  it  is  by  no  means  certain  that  the  granites  in  this  region 
are  of  the  same  origin.  Yet  in  the  T6ton  Mountains,  where  some  of  the 
most  lofty  heights  are  blocked  out  of  granite,  intrusions  of  trap-like 
material  are  found  in  nearly  vertical  fractures  tthieh  separated  the 
inclosing  rocks  along  lines  more  or  less  transverse  to  the  aids  of  up- 
heaval. Such  trapean  dikes  are  conspicuously  displayed  on  the  south 
shoulder  of  Mount  Hayden  and  in  the  huge  bulk  of  Mount  Moron. 
Vein  formations  traverse  the  Archaean  rocks  wherever  they  are  exposed 
to  view. 

Eruptive  and  intrusive  volcanic*.— Ot  the  purely  eruptive  and  intrusive 
volcamcs  of  later  origin,  we  have  fine  examples  in  the  gray  hontMendfo 
trachytes  of  Mount  Bainbridge  in  the  Caribou  Range,  and  the  little  dike- 
ridge  at  Station  XVII  in  Willow  Creek  Basin,  a  few  miles  to  the  north- 
west;   No  data  were  observed  by  which  the  age  of  the  latter  depostt* 
might  be  fixed  with  accuracy ;  but  hand-specimens  that  were  brought 
from  both  these  localities  were  recognized  by  Dr.  Peale  as  having  inti- 
mate relationship,  in  both  their  lithology  and  mineralogical  constitu- 
ents, with  the  hornblendic  trachytes  of  the  Elk  Mountains  of  Colorado. 
These  Mount  Bainbridge  intrusions  are,  however,  very  variable  in  their 
physical  constitution,  often  masses  of  the  rock  assuming  a  schistose 
character  suggesting  their  possible  origin  as  fragments  of  the  crystal- 
line schists,  which  were  entangled  in  the  molten  matter  in  its  passage 
through  the  metamorphic  horizons;  but  this  would  hardly  seem  to 
explain  their  appearance  in  the  intrusive  sheets  separating  the  sedi- 
mentary beds,  which  often  show  tMs  structure  throughout,  and  which 
may  in  some  way  be  due  to  the  presence  of  mica  as  one  of  the  compo- 
nents of  the  rock.    The  local  and  very  variable  aspects  of  the  dike-like 
and  intrusive  masses  in  Mount  Bainbridge  and  at  Station  XVII  have 
already  been  noticed,  as  also  the  association,  at  the  former  locality,  of 
auriferous  lodes  from  which  the  placer-gold  mined  in  that  neighborhood 
was  derived.    We  have,  therefore,  in  these  two  observed  localities, 
eruptive  mountain  masses  precisely  similar  to  the  isolated  mountain 
clusters  that  protrude  in  the  great  sedimentary  plateau  of  the  Colorado 
region  of  Western  Colorado  and  contiguous  regions  of  the  neighboring 
Territories,  which  have  been  so  well  investigated  in  the  progress  of  the 
survey  in  that  quarter.    The  trend  of  the  dike-like  mass  in  Station 
XVII,  which,  extended  southeast,  almost  exactly  intersects  Mount  Bain- 
bridge, strongly  suggests  the  probable  intimate  relations  of  the  at  pres- 
ent isolated  masses — the  intervening  basin  plain  being  covered  by  the 
later  flows  of  basaltic  lava — though  the  eruptive  matter  may  not  have 
protruded  to  a  uniform  height  over  this  extent,  but  it  seems  to  have 
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burst  out  in  local  upheavals  or  the  violent  fracturing  of  the  sedimentary 
deposits,  which  denudation  has  uncovered  within  a  comparatively  recent 
date.  South  of  Mount  Bainbridge  the  intrusive  matter  was  not  de- 
tected, while  in  Station  XVII  ridge  it  appears  to  have  resulted  in  a  local 
uplift  accompanied  by  fracturing  of  the  sedimentaries,  which  latter 
appear  to  fold  round  the  northwest  and  southeast  extremities  of  the 
uplift  without  break  in  their  continuity. 

The  early  flowed  trachytic  lavas. — We  next  come  to  a  series  of  flowed 
volcanies  which  exhibit  in  their  constitution,  perhaps,  the  most  variable 
features  of  any  of  the  divisions  l>elonging  to  this  class  of  rocks.  From 
their  jKisition,  often  high  up  on  the  mountain-sides,  .and  even  occupying 
their  crests  in  places,  dipping  almost  uniformly  in  the  direction  of  pre- 
existing depressions  of  erosion,  they  are  presumably  amongst  the  ear- 
liest products  of  volcanic  effusion  which  were  poured  out  and  overflowed 
a  vast  extent  of  country  about  the  sources  of  the  Columbia. 

These  deposits  consist  chiefly  of  trachytic  materials,  but  which  exhibit 
in  their  local  occurrence  great  variety  in  physical  constitution,  as  will* 
have  appeared  from  the  notices  of  these  rocks  in  the  foregoing  chapters 
on  regional  geology.  However,  it  may  be  deemed  permissible  briefly  to 
review  the  salient  local  features  which  these  deposits  assume  in  different 
portions  of  the  district,  in  order  that  they  may  Ik?  the  more  readily  com- 
pared with  the  observations  of  my  colleagues  in  adjacent  regions. 

The  farthest  west  exposures  of  these  rocks  observed  by  myself  were  on 
the  western  flank  of  the  Blackfoot  Range.    Here  they  are  found  to  occupy 
a  sort  of  basin  area  intervening  between  the  foot  of  the  range  and  the 
high  basaltic-capped  barrier  on  the  west  through  which  Blackfoot  Itiver 
has  excavated  a  canon  on  its  way  out  into  the  Snake  plains.    The  rock 
consists  of  flag-like,  brown,  drab,  and  pale  brick-red  trachyte^  portions  of 
which  have  a  mottled  appearance  from  the  presence  of  small  light  specks, 
wd  sometimes  small  amygdaloid  cavities,  and  crowns  three  or  four 
ronical,  rounded  hills  which  descend  to  the  westward.    The  rock  usually 
feathers  a  pinkish  color,  and  at  one  point  the  ledges  seemed  to  have  a 
ery  gentle  inclination  to  the  northeastward,  or  in  the  direction  of  the 
lackfoot  Range,  from  which  they  are  separated  by  a  narrow  belt  of 
>lling,  grassy  hills.    In  a  high  rounded  summit,  7,200  feet  above  sea- 
rel,  about  four  miles  little  south  of  east  of  the  above  locality,  and  occ-u- 
ing  a  recess  in  the  range  opening  to  the  southwest,  occurs  a  heavy  cap- 
ig  of  brownish-red  and  drab  trachyte,  in  heavy  and  thin  slabs  or  layers, 
tping  gently  northward.    The  heavy-bedded  layers  are  rounded  by 
lospheric  action,  even  weathering  by  exfoliation.    Traces  of  similar 
tosits  were  observed  to  the  southeast,  but  of  scarcely  more  impor- 
3e  than  to  indicate  the  excessive  denudation  which  these  early  vol- 
c  flows  have  undergone  in  this  region.    In  the  northern  portion  of 
range,  a  highish  ridge  connecting  the  east  and  west  spur-branches 
i©  range  shows  heavy  ledges  of  a  sottish  dark-brown  and  drab  mot- 
vesicular  trachytic  Java  at  an  elevation  of  about  0,200  foet9  which, 
?li  apparently  in  aitu.  is  too  obscurely  exposed  to  show  more  than 
mend  appearance.    It  occurs  in  large  weather-abraded  masses  in  a 
i  facing  Blackfoot  Peak,  which  latter  lies  about  one  and  a  half 
to  the  eastward.    Similar  and  probably  identical  lava-flows  were 
!iere  encountered,  sometimes  associated  in  the  vicinity  of  the  ordi- 
rachytes,  though  at  no  place  were  the  relations  of  these  rocks 
r  shown. 

he  northern  extremity  of  the  Willow  Creek  Basin  hills,  a  couple 
«  north  of  Station  XVI,  a  heavy  bed  of  gray  or  bluish-drab^  com- 
achytic  rock  unconfonnably  overlies  Laramie  Group  deposits,  in 
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a  high  summit,  7,200  feet,  at  this  end  of  the  highlands.  The  deposit, 
which  evidently  belongs  to  a  heavy  l>ed,  is  divided  into  uneven  layers  2  to 
12  inches  or  more  in  thickness,  which  ring  under  the  hammer,  and  which 
dip  40°  to  the  northeast,  declining  in  the  steep  northeast  slo]>e  of  the 
hill,  upon  whose  flanks  rests  a  heavy  mass  of  basaltic  lava. 

In  the  Caribou  Range,  to  the  northeast  of  the  last  above  locality,  some 
interesting  exhibitions  of  the  traehytic  deposits  were  met  with,  but  al- 
ways occurring  as  isolated  remnants  of  a  formerly  much  more  exten- 
sively distributed  flow.    ^Near  and  on  the  crest  of  Station  XX  ridge,  a 
couple  of  miles  north  of  the  upper  entrance  to  Fall  Creek  Canon,  occur 
more  or  loss  abraded  masses  of  a  rusty  brown  vesicular  traehytic  lava, 
with  which  are  associated  concretionary  nodules  of  light-drab  and  black 
obsidian,  fragments  of  the  latter  being  abundant  in  the  summit  of  the 
ridge.    This  rock  both  in  its  denuded  outcrop  and  physical  features  re- 
sembles and  is  apparently  identical  with  the  alx>ve-mentioned  vesicular 
volcanic  ledges  west  of  Blackfoot  Peak.    It  appears  to  have  partially 
metamorphosed  the  Jurassic  shales  with  which  it  came  in  contact,  al- 
though no  satisfactory  exj>osures  of  the  rock  were  here  seen  in  situ.    It 
must,  however,  have  overflowed  the  denuded  and  tilted  Jurassic  strata, 
yet  the  whole  mountain  ridge  doubtless  has  been  subjected  to  great  ero- 
sion suljsequent  to  the  period  of  the  flow,  in  which  the  latter  indeed  had 
suffered  almost  complete  destruction.    It  was  traced  in  the  western  de- 
clivity of  the  range  at  the  head  of  Porcupine  Creek,  indicating  the  prob- 
able former  connection  of  the  at  present  isolated  exposures.    Also,  in 
heights  about  four  miles  almost  due  north  and  northwest  of  Station  XX, 
in  the  neighborhood  resi>ectively  of  Stations  XXI  and  XXIV,  and  at 
Station  XXIII,  on  either  side  of  the  narrow  northern  summit  of  the 
range,  considerable  plateau-like  remnants  of  the  same  material  are  met 
with,  the  inclination  being  gently  to  the  west,  northwest,  and  north,  off 
sonic  of  the  highest  elevations  in  this  part  of  the  range,  7,200  to  7,400 
feet  aliove  tide.    At  the  Litter  locality,  Station  XXlII.thc  bowlder-like 
masses  are  underlaid  by  a  heavy  deposit  of  conglomerate,  the  coarae 
materials  consisting  chiefly  of  more  or  less  abraded  fragment  s of  quartzite 
and  limestone,  the  cementing  material  resembling  a  variegated  traclrrtii' 
tuff,  which  in 'places  greatly  predomi nates,  where  it  assumes  muck  the 
appearance  of  the  ordinary  variegated  traehytic  materials,  in  color  buft 
reddish-chocolate  mottled,  drab  to  pink,  aud  decomposing  into  a  fine 
ashy  soil.     This  deposit  at  one  point  dips  at  an  angle  of  2.~>c  to  the 
northward  in  the  direction  of  the  1owt  country  in  the  debouchure  of  tin1 
Snake. 

In  the  high  plateau  bench  at  the  northern  end  of  the  Caril>ou  Kange, 
6,800  feet,  a  considerable  extent  of  the  surface  is  based  upon  the  dwlb 
and  pink  traehytic  flow,  which  has  a  gentle  inclination  west  of  north. 
This  deposit  extends  round  the  northern  end  of  the  range  to  the  westero 
flank,  more  or  less  interrupted  by  denudation,  in  which  latter  region  it 
forms  the  coping  of  sloping  plateaus  which  rise  up  out  of  the  volcanic- 
floored  upland  of  the  Willow  Creek  Basin  on  the  flank  of  the  range  to 
an  elevation  of  7,200  feet.  Of  the  same  character  are  the  sloping  taW? 
ridges  southwest  and  wrest  of  Stations  XXI  and  XXII,  to  the  south  of 
which  they  doubtless  still  occur  over  considerable  areas  and  were  one* 
connected  with  the  mass  at  the  northern  extremitv  of  the  basin  ridgfc 
north  of  Station  XVI. 

In  the  Blackfoot  Valley,  near  our  southern  bonier,  similar  pink-dral* 
trachytes  were  found  resting  upon  the  soft  Pliocene  lake-beds.  & 
Station  XXX  such  an  exposure  occurs,  dipping  in  the  direction  oi 
the  valley,  northeast,  at  an  angle  of  from  15-  to  iKP.    At  the  latttf 
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locality  these  deposits  are  intimately  associated  with  brown  basaltic 
lava,  which  latter  also  partakes  in  the  disturbances  that  tilted  the  older 
traehytic  flow,  and  which  appear  to  have  been  gently  folded  over  a 
broad,  low  ridge,  whose  axis  lies  in  a  northerly  and  southerly  direction. 

In  the  eastern  border  region  of  the  great  plain  of  the  Snake  these  tra- 
ehytic deposits  occur  under  still  more  varied  relations.  Prof essor  Brad- 
ley deseril>es  the  general  structural  features  of  the  extreme  northern 
spur  ridge  of  Mount  Putnam,  which  terminates  in  the  plain  between 
Ross  Fork  and  Lincoln  Creek,  as  consisting  of  the  light -colored  Pliocene 
sandstones  and  limestones,  interlaminated  with  sheets  of  "  traehytic 
porphyries  and  coarse  volcanic  sandstones,  all  dipping  about  north  54° 
east,  at  angles  varying  from  15°  to  SO0/'  These  deposits  Professor  Brad- 
ley found  upraised  in  a  rather  sharp  anticlinal  fold,  the  southwestern 
flank  of  which  shows  steeply  inclined  basalts,  dipping  at  an  angle  of 
72°,  8.  34©  W.  It  would  appear  that  the  traehytic  sheets  here  referred 
to  were  deposited  by  outflows  during  the  period  of  deposition  of  the 
Pliocene  beds,  with  which  they  have  become  regularly  incorporated, 
rather  than  intrusions  of  igneous  matter  between  the  soft  strata.  Hence 
their  relative  age,  and  some  notion  of  the  volcanic  phenomena  accompany- 
ing the  laying  down  of  the  strata  during  this  latest  period  of  the  Tertiary, 
may  be  readily  conceived. 

Similar  exhibitions  of  these  early  traehytic  flows  are  also  met  with  in 
the  lower  portion  of  the  lower  valley  of  the  Snake,  although  they  are,  in 
the  latter  region,  not  so  clearly  associated  with  Pliocene  IkmIs  as  at  the 
locality  above  mentioned,  while,  at  the  same  time,  in  their  intimate  rela- 
tions with  alternations  of  basaltic  lava  and  heavy  beds  of  modern  con- 
glomeritic  accumulations,  they  otter  now  and  still  more  varied  phases, 
which  indicate  the  long  continuance  of  these  eruptions  and  the  variety 
in  their  materials,  approaching  the  later  stages  probably  immediately 
preceding  the  grand  eruptions  which  overflowed  with  molten  lava  and 
desolated  a  vast  extent  of  the  interior  basin  of  the  Pacific  slope  witlriu 
a  period  so  comparatively  recent  that  it  may  truly  be  termed  modern. 
These  deposits  have  also  been  described  as  reclining  on  the  flanks  of  the 
mountain  borders  of  the  valley,  dipping  at  a  moderate  angle  in  the 
direction  of  the  lower  depression,  but  they  appear  not  to  have  reached  so 
high  on  the  mountain  summits  as  the  before-mentioned  and  doubtless 
older  deposits.  About  midway  of  the  lower  valley  of  the  Snake,  its  whole 
breadth  is  choked  by  huge  masses  of  trachyte  and  laminated  porphyritic 
trachytes,  associated  with  reddish-brown  minutely  vesicular  basalt, 
which  here  seem  to  form  the  basis  of  the  deposit,  as  though  it  had  ixmred 
oat  of  a  vast  fissure  in  the  immediate  neighborhood,  inundating  the 
valley.  But  above  this  point  the  valley  has  been  so  thoroughly  swept 
oat  at*  to  make  it  a  matter  of  some  doubt  whether  the  volcanics  ever  ex- 
tended far  above  Pyramid  Creek,  not  a  vestige  of  them  having  been 
noticed  on  either  side  of  the  valley. 

In  the  region  of  the  T6ton  Range,  especially  in  the  borders  of  Pierre's 
Basin,  the  earlier  volcanics  exist  on  a  far  grander  scale.  They  also  pre- 
sent a  marked  physical  change  as  compared  with  the  flows  holding 
similar  .position  in  the  region  above  briefly  noticed,  reaching  up  on  the 
^western  flank  of  the  T6ton  Range,  to  the  north,  to  an  elevation  of  alx>ve 
8,000  feet,  but  declining  to  the  south,  where,  however,  they  have  suf- 
fered- extensive  erosion  and  have  l>een  entirely  removed  from  the  op- 
posed flank  of  the  Snake  River  Range,  until  reaching  the  northeastern 
extremity,  where  they  occur  in  gently  uplifted  benches,  precisely  like 
the  great  volcanic  foreland  on  the  west  flank  of  the  Teton  Range.  These 
flows  once  filled  the  entire  area  of  Pierre's  Basin,  indeed  they  probably  or 
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possibly  constitute  the  floor  upon  which  the  later  quaternary  detritus  of 
the  present  basin  surface  rests;  bat  they  are  accessible  for  satisfactory 
study  only  at  comparatively  few  points,  as  the  majority  of  the  exposures 
.south  of  Leigh's  Greek,  on  the  east  side,  and  Horse  Greek,  on  the  west  ride, 
are  mere  remnants,  and  these  much  obscured  by  late  weather  action*   But 
in  the  cafion  of  the  North  Fork  of  Pierre's  River,  where  it  descends  the 
great  foreland,  these  deposits  are  exhibited  in  magnificent  sections, 
miles  in  linear  extent,  and  revealing  a  vertical  thickness  of  several  hun- 
dred feet.    This  foreland  seems  to  be  made  npof  several  distinct  benches 
of  different  volcanic  products,  which  higher  on  the  mountain  side  de- 
cline at  a  rate  a  little  greater  than  the  descent  of  the  stream,  so  Out,  in 
passing  from  the  mountain  to  the  plain,  successively  higher  flows  are 
met  with.    At  the  head  of  the  North  Fork  the  earliest  flowed  mate- 
rial is  in  contact  with  Silurian  and  Carboniferous  deposits,  the  steep 
bluff  face  here  showing  the  lower  masses  of  rusty,  coarse-vesicular 
trachytic  lava,  with  obsidian,  which  is  so  like  the  remnants  before  noticed 
in  the  northern  summits  pf  the  Caribou  Range  that  their  identity  can 
hardly  be  questioned.    This  ledge  is  underlaid  by  decompiling  porphy- 
ritie  obsidian  trachytes  having  a  burned-out  appearance  in  places,  wrote 
coarse  sand  debris  litters  the  steep  talus  slopes.    The  obsidian,  occurring 
in  fragments  here  as  elsewhere,  contains  little  globules  of  sphendite; 
but  these  lower  beds  are  so  obscured  by  the  action  of  the  weather,  which 
has  covered  them  with  a  mantle  of  their  own  detritus,  as  to  conceal  the 
point  of  contact  with  the  sedimentaries  as  well  as  the  inferior  portion 
of  their  own  ledges,  which  more  extended  search  than  we  were  able  to 
bestow  will  doubtless  yet  bring  to  light.    But  no  evidence  of  the  pee*3- 
liar  semi-fragmental  volcanic  deposits,  such  as  apparently  constitute  the 
basis  of  these  early  volcanic  flows  in  the  summit  region  of  the  Caribovr 
Mountains,  was  observed.    These  deposits  once,  doubtless,  reached 
up  on  the  mountainside  in  the  vicinity  of  Station  XXXII,  but  at 
period  before  the  North  Fork  had  begun  to  excavate  its  cailon,  in 
process  of  which  not  only  the  volcanics,  but  a  vast  amount  of  sedime 
taries  also,  were  swept  away  and  mingled  with  the  flnely-comminufc 
soil  which  spreads  a  mantle  of  fertility  over  the  undulating  uphuu&_, 
which  stretch  far  out  into  the  great  plain.    South  of  the  North 
these  same  volcanics  reach  well  up  on  the  'ancient  denuded  Arc 
mountain  flank,  and  still  farther  in  the  same  direction  they  exist  as 
remnants  of  the  rusty  porphyritic  and  pink  and  drab  trachytes,  always 
inclining  toward  the  basin.    However  advanced  erosion  had  progressed 
in  leveling  the  great  range  prior  to  the  effusions  of  the  igneous  matter, 
much  of  the  more  conspicuous  effects  of  erosion  that  strike  the  observer 
to-day,  such  as  the  gorges  which  cut  the  great  foreland,  have  been  emt* 
cuted  subsequent  to  the  volcanic  emissions.    If  the  canon- valleys  reached 
their  present  depth  prior  to  the  volcanic  flow,  which  seems  very  doubt- 
ful, they  have  l>ecn  entirely  cleaned  out  and  their  l*eds  filled  with  tte 
debriH  swept  down  from  the  interior  portion  of  the  range.    This  is  appar- 
ent from  an  examination  of  anv  of  the  canon  mouths  south  of  Beer 
Creek. 

Descending  the  foreland  either  side  of  the  North  Fork  of  PierrA 
River,  the  earlier  volcanic  flow  is  succeeded  alx>vc  by  successively  more 
recent  flows,  which  present  considerable  variety  in  physical  appearance. 
Throughout  the  canon  a  heavy  mass  of  laminated  perphyritic  trachyte 
prevails,  extending  to  the  junction  of  Pierre's  River,  and  doubtless  be- 
low that  point,  and  which  has  a  peculiar  style  of  weathering,  generally 
in  parallel  planes,  simulating  the  deposition  planes  of  sedimentary  de- 
posits.   Portions,  in  the  upper  part  of  this  laminated  mass,  are,  howef*> 
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-quite  heavy  bedded,  and,  as  seen  in  great  blocks  rounded  by  the  action 
of  the  weather,  it  is  sometimes  coarsely  vesicular,  recalling  the  por- 
phyritic  obsidian  trachytes  which  form  the  basis  of  the  flows.  The  lami- 
nated ledges  are  weathered  into  the  most  varied  and  picturesque  monu- 
mental shapes  all  along  the  precipitous  canon  sides,  where  the  exposures 
frequently  reach  a  height  of  200  or  300  feet,  perhaps  more,  above  the 
bed  of  the  stream.  They  are  overlaid  by  the  thin-bedded,  pink  and 
-drab  trachyte,  with  disseminated  feldspar  and  sanidine,  which  in  places 
show  a  thickness  of  above  40  feet.  In  the  laminated  ledges,  at  the  point 
«f  contact  with  the  trachyte,  undulations  in  the  surface  are  observed, 
hke  nonconformities  or  wedge-shaped  masses,  such  as  are  not  infrequent 
in  deposits  of  purely  aqueous  deposition.  And  in  the  prairie  upland 
masses  of  dark  vesicular  basaltic  lava  are  encountered  overlying  the 
trachyte,  and  which,  physically,  are  undistinguishable  from  the  basalts 
which  overspread  the  lower  level  of  the  Snake  plain.  But  the  connec- 
tion between  the  basalts  of  the  upland  and  those  of  the  plain  is  not  so 
apparent,  denudation  having  effected  changes  in  the  surface  since  the 
Jlow.  of  these  materials  which  will  require  careful  research  in  order  to  dis- 
cover their  true  relations.  It  should  also  be  observed  that  the  basaltic 
iedges  were  found  in  positions  indicating  that  the  trachyte  had  been 
■eroded  prior  to  the  flow  of  the  basalt,  which  latter  occurs  at  levels 
scooped  out  of  the  laminated  porphyritic  deposits.  Erratic-like  masses 
of  steel-gray,  intensely  hard  basalt  are  met  with  in  the  foreland  slope 
west  of  Station  XXXIII,  though  no  regular  ledges  were  observed  in 
this  position.  At  this  point,  in  the  east-facing  bluff  slopes  of  one  of 
the  loreland  benches,  the  same  series  of  volcanics  is  shown  that  was 
noticed  in  the  vicinity  of  the  confluence  of  the  North  Fork  and  Pierre's 
River ;  that  is,  the  laminated  porphyritic  trachytes,  overlaid  by  the  pink 
and  drab  ledges,  and  in  the  surface  large  masses  of  the  tough,  dark, 
bluish-green  basalt,  which  weather  by  exfoliation ;  the  ledges  having 
been  upraised  a  thousand  feet  above  their  position  at  the  latter  locality 
in  a  distance  of  10  miles.  All  the  above  volcanic  ledges  extend  south 
as  far  as  the  upland  divide  between  Canon  and  Leigh's  Creeks,  beyond 
which  the  basalt  appears  not  to  extend,  and  the  inferior  deposits  have 
been  much  attenuated  by  erosion. 

Similar  pink,  rusty-weathered  trachytie  ledges  rise  up  in  great  benches 
Around  the  northern  end  of  the  Snake  River  Range,  attaining  about  the 
same  height  as  in  the  T£ton  Range,  about  8,000  feet,  or  between  2,000 
and  3,000  feet  above  the  general  level  of  Pierre's  Basin.  Towards  the 
tower  level  of  the  Snake  Plain,  to  the  north,  heavy  outliers  of  pink 
trachyte  are  met  with,  forming  low  bluffs  a  hundred  feet  in  height  along 
the  edge  of  the  upland,  where  it  is  skirted  by  Fall  River,  or  the  Middle 
Fork  of  Henry's  Fork,  below  the  mouth  of  Conant  Creek.  At  the  latter 
locality,  which  was  also  visited  by  Professor  Bradley,  the  ledges  are 
-much  disturbed,  dipping  from  vertical  75°  northeast,  and  at  another  point 
60°  southwest.  The  cleavage  structure  gives  the  mass  a  thin-bedded 
appearance.  This  rock  extends  several  miles  along  the  stream  alwve, 
and,  rising  the  grassy  uplands  between  Conant  Creek  and  North  Fork 
of  Pierre's  River,  similar  ledges  appear  in  the  declivities,  generally  in 
narrow  outcrops  running  in  a  southeasterly  direction ;  the  exposures, 
however,  not  showing  marked  disturbance.  A  rather  high  ridge  in  the 
midst  of  this  upland  is  reported  by  Professor  Bradley  as  marking  the  *;  rim 
of  an  old  broken-down  crater,  which  faces  nearly  due  east.  The  lava 
is  a  laminated  mixture  of  quartz,  obsidian,  and  feldspar;  but  no  masses 
seemed  to  be  in  situ,  so  that  direction  of  structure  could  not  l>e  deter- 
mined." 
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The  laminated  porphyritic  trachyte  reaches  a  short  distance  up  the 
valley  of  West  Teuton  Pass  Creek  5  but  it  is  seen  here  only  in  remnants, 
and  takes  no  conspicuous  part  in  the  formation  of  the  topographic  fea- 
tures of  this  part,  of  the  basin.  But,  passing  over  the  ridge  at  the  south 
end  of  the  T6ton  Range,  on  gaining  Jackson's  Basin,  almost  opposite  the 
mouth  of  East  Pass  Creek,  Professor  Bradley  found  a  heavy  mass  of 
porphyritic  breccias,  "  much  distorted,  but  having  a  general  northwest- 
erly dip,"  around  which  the  sedimentaries  are  clustered,  forming  the 
Lower  Gros  Ventre  Buttes. 

It  appears  that  the  tilting  of  these  volcanic  ledges  agrees  with  the 
dip  of  the  loose  deposits  of  the  late  Tertiary  in  their  immediate  vicinity, 
and  was  probably  determined  by  the  same  disturbances.  To  the  north, 
at  the  southern  end  of  Jackson's  Lake,  Professor  Bradlev  observed 
"  high  knobs  of  porphyries  and  trachytes,3  and  opposite,  at  the  extreme 
western  foot  of  the  highlands  outflanking  Mount  Leidy,  a  detached 
mass  of  dark-green  porphyritic  lava  caps  a  low  ridge  on  the  south  side 
of  Elkhorn  Creek,  dipping  15°  to  20°  northwestward.  It  is  not  improb- 
able other  remnants  of  a  similar  character  will  be  found  to  the  north, 
connecting  those  above  noticed  with  the  great  volcanic  plateau  of  the 
lake  region,  which  Professor  Bradley  observed  to  be  largely  composed 
of  "  porphyries  and  trachytes,  with  porphyritic  obsidian";  and  through 
the  plateau  deposits  we  may  reasonably  infer  thence  unbroken  continu- 
ity with  the  laminated  porphyritic  deposits  which  reach  up  on  the  west 
Hunk  of  the  Teton  Range. 

Professor  Bradley  has  already  noted  the  occurrence  of  porphyritic 
trachytes  on  the  northern  or  eastern  slope  of  the  divide  descending  to 
the  upper  valley  of  the  main  Snake,  where  they  cap  the  ridge,  which  is 
based  upon  Mesozoic  and  Palaeozoic  deposits,  the  volcanics  dipping  30^ 
southwest,  or  a  little  less  than  the  inclination  of  the  sedimentary  bed* 
which  outcrop  in  the  western  Dank  of  the  ridge,  opposite  and  below  the 
mouth  of  Lake  Pork.    But  to  the  east  the  volcanics  appear  to  change— 
being  made  up  of  "  rapidly-disintegrating  volcanic  rocks,  mostly  con — 
glomerates  of  traehytic  porphyry,   obsidian,"  &c,  with  upthrusts  oM 
"gray  trachy tic  lavas  and  red  basalt,  partly  vesicular,  though  mostl^w 
i-oinpact,,?  which  Professor  Bradley  observed  in  high  ridges  about  th^ 

sources  of  the  Snake,  at  an  altitude  of  about  9,600  feet.    The  south 

ern  side  of  this  divide,  descending  to  the  lower  course  of  Buffalo  Foric. 
shows  no  volcanics,  at  any  rate  none  were  observed  during  the  presea  -c 
season's  work  in  that  neighborhood,  unless  the  remarkable  bowlder- 
deposit  that  extends  in  the  summits  northeast  from  Station  XL VIII  are 
partly  ascribable  to  volcanic  origin. 

liamltic  lava  flows. — Next  in  order  of  chronological  sequence  we  have 
briefly  to  notice  the  great  basaltic  flows  which  occupy  so  immense  an 
area  in  this  region,  indeed  nearly  all  the  upland  basins  in  the  country 
west  of  the  Caribou  Range,  and  spreading  out  over  nearly  the  entire 
area  of  the  great  plains  of  the  Snake.  The  physical  characters  of  the« 
deposits  in  the  plains  region  have  already  been  so  much  discussed,  that 
only  such  facts  are  here  presented  as  were  observed  in  the  upland  region? 
which  may  contribute  a  moiety  to  our  knowledge  of  their  distribution 
and  something  on  the  associated  phenomena  here  encountered. 

Along  the  eastern  border  of  the  Snake  plain  the  basalts  have  be® 
uplifted  to  a  position  several  hundred  feet  above  their  level  in  the  plain* 
and  throughout  the  lower  valley  of  the  Blackfoot  they  exhibit  marked 
disturbance,  being  elevated  into  low  folds,  one  of  which  appears  to  have 
great  persistency,  following  nearly  the  course  of  the  Blackfoot  between 
its  northern  bend  where  it  cuts  aeross  the  western  declivity  and  the 
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southern  border  of  our  district  in  the  vicinity  of  Station  XXX.  North 
of  the  Blackfoot,  these  basaltic  flows  are  gently  upraised  in  the  long 
grassy  foreland  flanking  the  Blackfoot  Range,  forming  low  benches  re- 
markable for  their  uniformity  of  sIojk*.  The  entire  area  of  the  plain  a 
portion  of  the  Willow  Creek-Biackfoot  Basin  is  floored  with  these  de- 
posits. To  the  south  they  do  not  api>ear  ever  to  have  reached  very  high 
on  the  flanks  of  the  Blackfoot -Range,  where  their  elevation  is  near  7,000 
feet,  or  1,400  feet  higher  than  the  bluff  faces  of  the  sloping  benches  at 
the  northern  end  of  the  range.  Hence,  it  would  appear  that  the  basalts 
have  been  little  if  at  all  disturbed  by  elevatory  forces  situate  in  this 
range,  from  which  we  may  infer  that  in  the  latter  mountain  belt  no 
movement  has  taken  place  subsequent  to  the  later  outpouring  of  the 
igneous  matter  which  envelopes  their  base,  and  whose  apparent  inclina- 
tion was  merely  the  result  of  the  partly  fluid  mass  flowing  over  pre-ex- 
isting gentle  slopes  toward  the  lower  levels  of  the  Snake  Basin.  But  in 
the  basin  region  east  of  the  Blackfoot  Range,  the  basalts  rise  up  into  a 
prominent  ridge  between  Willow  and  John  Gray's  Creeks,  in  the  rugged 
crest  of  which  they  occur  a  thousand  feet  above  the  adjacent  plain.  At 
Station  XIV,  which  occupies  one  of  the  culminating  points  of  this  ridge, 
7,400  feet,  the  basalts  gently  rise  up  into  the  summit,  the  north  and  east 
face  of  which  has  been  broken  down  by  denudation  in  precipitous  wails. 
The  broad,  rounded  summit  of  the  mountain  is  strewn  with  scoriaceons 
lava,  while  in  the  immediate  vicinity  much  of  the  couipacter  and  slag- 
like material  has  a  very  recent  appearance,  merging  into  the  ordinary 
dark  steel-gray  and  brown  basalt  of  the  slopes  and  basin  plain.  Al- 
though it  might  be  difficult  at  the  present  day  to  define  its  limits,  it 
seems  very  probable  that  this  locality  marks  the  site  of  a  crater-vent 
from  which  issued  the  matter  covering  the  declivities.  This  ridge  is 
based  upon  Mesozoic  or  Tertiary  formations,  whose  folding  undoubtedly 
took  place  prior  to  the  earliest  of  the  volcanic  flows,  and  which  to  the 
north,  in  the  vicinity  of  Stations  XV  and  XVI,  have  been  entirely  de- 
nuded of  the  igneous  mantle,  a  remnant  of  which,  however,  forms  the 
cap  of  XV,  dipping  gently  to  the  westward  into  the  basin  level. 

As  has  previously  been  mentioned,  in  the  northern  extremity  of  this 
ridge  the  sedimentary  beds  pass  beneath  a  heavy  sheet  of  trachyte, 
which  dips  at  an  angle  of  40°  to  the  northeast.    The  question  arises, 
What  are  the  relations  of  the'  various  volcanic  flows  here  met  with 
to  the  dynamical  agencies  concerned  in  the  uplifting  of  the  sediment- 
ary deposits  which  constitute  the  nucleus  of  the  ridge  f    Subsequent 
ttfthe  flow  of  the  trachtye  the  ridge  was  extensively  denuded,  baring 
the'  sedimentaries  upon  which  the  later  flow  of  basaltic  lava  rests 
in  immediate  contact.    Hence  the  inclined  position  of  the  trachyte,  if 
not  attributable  to  late-continued  elevatory  forces  seated  within  the 
ridge,  might  be  explained  by  referring  its  source  to  the  same  volcanic 
veht  from  which  was  poured  the  basaltic  material ;  but  between  the 
two  flows  there  must  have  elapsed  an  interval  of  time  sufficient  to  allow 
the  almost  total  degradation  of  the  earlier  flow,  of  which  the  tilted 
ledge  in  the  northern  slope  of  the  ridge  is  evidently  but  a  remnant  of  a 
formerly  extensive  deposit,  which  may  indeed  have  covered  the  whole 
country  roundabout  with  a  sheet  of  trachyte  continuous  with  remnants 
elsewhere  occurring.    But  this  explanation  may  not  satisfactorily  accord 
with  all  the  facts,  meagre  as  they  are.    In  a  former  page  reference  was 
made  to  the  occurrence  of  an  upthrust  of  homblendio  trachyte  which 
marks,  if  it  did  not  determine,  the  axis  of  a  lower  parallel  ridge  to  the 
east  beftween  the  forks  of  John  Gray's  Creek.    This  upthrust  trends  about 
"W.  40?  N.  and  E.  40°  S.,  and  although  the  effects  of  displacement  at- 
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tribntable  to  it  diminish  in  either  direction  from  the  culminating  point, 
if  the  line  of  uplift  be  extended  it  exactly  intersects  the  hill  whose 
northeast  flank  is  plated  by  the  trachytie  flow  above  mentioned.  This, 
naturally  suggests  the  query.  Was  not  the  uplifting  of  the  trachyte  in 
part,  at  least,  due  to  ele vatory  forces  accompanying  the  up  thrust  of  this 
dike-like  mass  of  eruptive  material  t  In  the  latter  event,  we  would  be 
enabled  to  determine  with  precision  the  relative  date  of  the  eruption  of 
the  homblendie  trachyte,  which  must  have  occurred  at  a  period  subse- 
quent to  the  earlier  trachytie  flow,  if  indeed  it  was  not  also  antedated 
by  the  basaltic  flows. 

In  the  basin  ridges  west  of  John  Gray's  Lake  basaltic  and  sooriaoeou 
lavas  are  gently  upraised  on  their  flanks.  And  so,  also,  around  the 
northern  extremity  of  the  Caribou  Range,  where  their  position  is  ap- 
parently the  exact  counterpart  of  their  relation  to  the  Blaokfbot  Bangs, 
with  which  latter,  indeed,  they  are  continuous,  forming  the  upland 
slopes  intervening  J>etween  the  low  mountain  ridges  aiil  the  Snake 
plain.  This  upland  border  region  is  deeply  scored  by  the  caiion-eoursea 
of  the  streams  flowing  out  into  the  Snake,  and  the  basalts  of  which  it  is 
made  up  extend  well  up  into  the  lower  valley  of  the  Snake,  which  has 
cut  a  deep,  narrow  gorge,  in  places  several  hundred  feet  in  depth,  walled 
by  the  sombre,  igneous  ledges.  To  the  north  and  northeast  this 
gradually  expands,  and  Anally  merges  into  the  great  volcanic 
which  stretches  north  from  the  northern  extremity  of  the  T6ton 
forming  the  water-divide  west  of  the  lake  basin  at  the  sources  of 
Snake.  In  the  undulating  slopes  north  of  Pierre's  Basin,  and  reaching 
up  on  the  great  volcanic  foreland  on  the  west  flank -of  the  T£ton  Bangs 
a  thousand  feet  higher,  evidence  of  the  former  general  distribution,  of 
the  basaltic  flow  over  the  whole  extent  of  this  upland  region  was  not 
wanting.  As  has  already  been  noticed,  the  basalts  in  this  region  wem 
flowed  over  the  denuded  surfaces  of  the  earlier  trachytie  flows.  But 
how  to  account  for  their  gently  uplifted  position  on  the  flanks  of  th 
Teton  and  Snake  Biver  Ranges,  no  satisfactory  data  were  gained, 
yond  the  very  natural  supposition  that  their  present  position  is  th 
result  either  of  late-continued  elevatory  movements  situated  in  th- 
mountain  areas,  or  subsidence  in  the  basin  region ;  for  no  evidence 
observed  that  would  suggest  the  mountains  themselves  as  the 
whence  emanated  the  outflows  which  cover  their  lower  declivities. 

East  of  the  T£ton  Range,  in  the  region  of  Jackson's  Basin,  the  basalt*^ 
if  ever  they  existed,  have  been  entirely  swept  away ;  indeed,  erosi^xz 
has  been  carried  to  such  an  extent  in  this  basin  up  to  a  very  recent  d*t*? 
that  only  meagre  remnants  of  the  older  volcanics  are  now  to  be  met 
with.    But  passing  east  to  the  summit  of  the  continental  watershed,  its 
level  crest,  southeast  of  Togwotee  Pass,  seems  to  be  capped  by  a  hesfy 
flow  of  late  lavas  in  the  midst  of  which  rises  a  low  dome  of  sooriaoeou* 
and  compacter  lavas,  which  is,  possibly,  the  remains  of  a  crater.   Htu 
outburst  occupies  the  very  summit  of  this  part  of  the  watershed  between 
Togwotee  and  Warm  Water  Passes,  at  an  altitude  of  10,000  to  10JWO 
feet  above  the  sea  at  Station  LI.    The  dark  lava  and  reddish  to  yellow 
scoriaceous  matter  is  precisely  like  that  occurring  at  before-mentioned 
localities  supposed  with  some  probability  to  mark  the  sites  of  crater-    I1 
vents ;  and  if  the  wall  of  dark  basalt-like  rock,  which  extends  along  the    ■ ' 
mountain  crest  several  miles,  or  as  far  as  could  be  seen,  from  a  point  a 
short  distance  northwest  of  Station  LI,  thence  southwards,  originated  in 
matter  thrown  out  from  the  same  vent,  little  disturbance  or  change  ta* 
taken  place  subsequent  to  the  effusion,  except  that  produced  by  the  enor- 
mous erosion  which  has  acted  upon  all  these  materials  up  to  the  present 
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time.  However,  this  supposed  basaltic  or  lava  cap  of  the  watershed 
perceptibly,  though  very  gently,  declines  to  the  southwards.  As  I  did 
nyt  visit  the  ridge  at  this  point,  I  am  unable  to  state  more  fully  its  mag- 
nitude in  a  transverse  direction;  but  it  seems  very  probable  that  it 
merely  forms  a  remnant  strip,  to  the  presence  of  which  is  due  the  pre- 
servation of  this  part  of  the  great  divide. 

Encompassing  the  head  of  Buffalo  Fork  and  its  mountain  tributaries, 
and  constituting  the  watershed  and  a  large  extent  of  territory  to  the 
east,  embracing  the  sources  of  the  Yellowstone,  and,  according  to  Cap- 
tain Jones,  the  headwaters  of  Gray  Bull  River,  and  reaching  south  along 
the  continental  divide  nearly  to  the  parallel  of  43°  30',  occurs  a  vast 
accumulation  of  partially  sedimentcd  volcanics,  the  origin  of  which  is 
almost  beyond  the  comprehension.  This  mass  is  chiefly  made  up  of  vol- 
canic breccias,  with  heavy  layers  of  volcanic  conglomerate,  sands,  and 
mud,  the  latter  of  which  "exhibit  unmistakable  indications  of  aqueous 
deposition,  though  the  former  usually  shows  an  aggregation  of  angular 
fragments  of  various  volcanic  products,  trachytes  and  basalts,  held  in  a 
fine  cement-matrix  like  trachyte-tuff,  but  which  in  the  mass  presents  ap- 
parently regularly  bedded  structure-planes,  which  give  to  the  exposures 
in  the  numerous  mountain  escarpments  the  sombre  banded  appearance 
by  which  these  deposits  may  be  recognized  at  great  distances.  In  the 
region  here  alluded  to  they  are  slightly  inclined  in  various  directions, 
as  though, they  had  been  subjected  to  some  slight  disturbance,  at  least, 
by  elevatdry  movements  located  in  more  or  less  isolated  areas  of  dis- 
placement, such  as  that  in  which  the  Buffalo  Fork  Peak  uplift  resulted 
which  brought  to  view  the  crystalline  basis  rocks  and  the  whole  series 
of  older  sedimentaries  of  the  region.  Besides  other  disturbances  in  these 
•deposits,  referred  to  in  the  general  description  of  this  part  of  the  district, 
ima  preceding  chapter,  Togwotee  Pass  appears  to  occupy  the  axis  of  a 
very  shallow  depression  in  the  volcanic  strata  which  perceptibly,  though 
gently  rise  to  the  northwest  and  south  from  the  vicinity  of  this  gap  in 
the  great  watershed. 

This  deposit  may  attain  in  this  region  a  thickness  of  2,000  to  3,000 
feet,  possibly  even  a  greater  thickness.    Entire  mountain-ranges  have 
been  fashioned  from  its  mass,  including  some  of  the  loftiest  and  most 
rugged  elevations  in  this  region,  while  the  effect  of  atmospheric  ero- 
sion has  produced  the  most  wonderful  and  sublime  mountain  scenery. 
The  observations  of  Dr.  Hayden  on  the  origin  of  this  deposit  are  so  com- 
prehensive that  I  beg  to  quote  the  graphically  expressed  results  of  his 
own  earlier  investigations  in  this  relation.*    "The  question  arises  in  the 
mind,  Whence  originated  this  vast  deposit  of  breccia  or  conglomerate, 
and  what  were  the  physical  conditions  under  which  the  materials  were  de- 
posited!  As  to  their  origin,  we  must  conclude  that  they  were  thrown  out 
by  volcanoes  into  the  surrounding  waters  much  as  similar  materials  arc 
-ejected  from  modern  volcanoes  at  the  present  time.    We  find,  however, 
that  these  breccias  are  of  immense  thickness,  sometimes  4,000  to  5,000 
feet,  as  at  the  sources  of  the  East  Fork  and  in  the  mountains  at  the 
liead  of  the  Yellowstone  above  the  lake.    Some  of  the  highest  mount- 
«ns  in  the  northwest  are  capped  by  these  volcanic  breccias,  arranged 
in  horizontal  strata,  and  showing  most  clearly  that  the  agent  was  water. 
In  almost  all  cases  the  stratified  breccias  are  perfectly  horizontal  from 
t>ase  to  summit,  thereby  indicating  the  probability  that  there  has  been 
Ho  important  movement  of  the  earth's  crust  since  their  deposition.    We 
most  conclude,  then,  that  at  a  comparatively  modern  date  the  waters 
^o  covered  these  mountain-ranges  of  the  northwest  that  not  even  the 
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summits  of  the  loftiest  peaks  were  above  the  surface.  It  isbaMly  poarf- 
We  that  we  might  make  an  exception  in  the  case  of  the  Grand  Titan. 
We  may  suppose  that  the  materials  were  supplied  from  the  muaftradess 
Yolcanio  fissures  in  unlimited  quantities  in  a  comparatively  brief  apace 
of  time;  but  the  period  which  would  be  required  for  the  waters  to 
arrange  this  matter  in  the  remarkably  uniform  and  compact  series  of 
strata  which  we  find  at  the  present  time  must  have  been-  great.  The 
results  have  been  carried  on  upon  such  a  stupendous  scale  that  the  maud 
finds  with  difficulty  the  courage  to  grapple  with  them  or  attempt  to 
explain  them.  And  then,  subsequent  to  the  deposition  of  these  enotmoas 
beds  of  conglomerates,  has  been  the  wearing  out  of  canon*  and<  valleys 
2,069  to  4,000  feet  in  depth,  the  sculpturing  of  some  of  the  most 
leusly  grand  and  unique  scenery  on  the  continent." 

The  relative  age  of  this  vast  accumulation,  a  measure  of  which* 
be  sought  in  the  character  of  ha  components,  leads  us  to  infer  ita  com- 
paratively recent  date.    Theooarsematerialswhich  efrtwsolargetyi^ 
the  composition  of  the  stratified  mass,  especially  noticeable  in'  the  coih 
glomeritio  portions,  consist  of  fragments  of  all  the  oldfer  volcanic  products, 
as  trachytes  and  laminated  porphyritic  trachytes,  while  the  more  nmtan 
flows  and  eruptions  have  contributed  fragments  and  bowidors  of  basalt 
and  scoriaoeous  lava.    The  base  of  the  deposit,  its  contact -with  oi<hr 
volcanic  deposits  and  sedimentary  formations,  is  so  concealed  <bj  tiieim- 
mense  talus  accumulations  which  bury  the  foot  of  the  mou^ttdntiraUs, 
into  which  the  deposit  has  been  eroded,  that  we  as  yet  pooseaafoW eat 
perhaps  no  satisfactory  filets  exposing  the  character  of  thfeeartiesistagfci 
of  this  retnarkable  deposit.    In  the  approaches  to  Togiwetee  Pass  hngp 
outliers  of  exceedingly  sombre,  jagged  breeda,  apparently  incite,  m 
in  places  disturbed  or  tilted  trom  the  original  horizontal  poeittoti^  a*» 
met  with  at  a  level  1,500  to  2,000  feet  or  more  below  the  neighboring 
mountain-summits,  and  which  may  indeed  belong  to  the  foundation  of 
the  deposit.    The  latter  masses  bear  every  appearance  of  intense- 


canic  action,  as  though  their  materials,  rock  fragments,  sands,  and  muftj 
have  passed  through  a  fiery  ordeal  and  been  so  rapidly  ejected  as  not  **> 
allow  their  Rearrangement  by  aqueous  currents,  but  which  latter 
formed  so  prominent  a  part  in  the  redistribution  of  the  later 
to  the  great  deposit. 
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LETTEE  OF  TRANSMITTAL. 

Washington,  D.  C,  December  31, 1878. 

Sir  :  I  have  the  honor  herewith  to  hand  you  my  report  on  the  geol- 
ogy of  the  district  examined  by  the  Green  Eiver  Division  during  the 
field  season  of  1877.  The  party  consisted  of  Mr.  Henry  Gannett,  topog- 
rapher, directing ;  J.  E.  Mushbach,  assistant  topographer ;  F.  M.  East- 
man, and  myself,  with  two  packers  and  a  cook. 

The  district  examined  comprises  13,000  square  miles.  We  began 
work  on  June  1,  at  Green  Eiver  City,  and  left  the  field  at  Ogden,  Octo- 
ber 1,  being  in  the  field  four  months.  Some  portions  of  the  districts 
were,  therefore,  necessarily  more  closely  studied  than  others.  It  was 
my  object  to  obtain  a  correct  general  idea  of  the  region,  knowing  that 
the  detailed  investigation  would  have  to  be  left  for  future  study  on 
account  of  the  limited  time  at  our  disposal. 

I  have  colored  a  provisional  geological  map.  Before  the  final  map  is 
colored,  several  localities,  in  which  the  relations  of  the  strata  are  some- 
what obscure,  must  be  visited,  and  a  careful  paleontological  study  must 
be  made  of  several  interesting  fossil  localities. 

The  district  is  divisible  into  three  drainage  areas,  and  to  facilitate 
tfie  comprehension  of  the  description,  the  Descriptive  Geology  is  given 
in  three  chapters  corresponding  to  this  division  of  the  district.  These 
chapters  are  necessarily  mainly  a  transcript  of  the  field  notes.  Preced- 
ing these  chapters,  in  two  others,  I  have  given  the  general  features  and 
an  itinerary.  In  the  concluding  chapter  I  have  given  a  rfoumi  of  the 
geological  features,  presenting  also  such  generalizations  as  are  most 
obvious.  The  time  allotted  to  the  preparation  of  the  report  has  been  too 
short  to  enter  into  an  extended  discussion  of  the  orographic  problems 
that  present  themselves,  and  they  will  have  to  be  deferred  for  the  present. 

For  the  illustrations  accompanying  the  report  I  am  largely  indebted 
to  Mr.  W.  H.  Holmes  and  Mr.  F.  D.  Owen,  and  the  photographs  of  Mr. 
W.  H.  Jackson.  The  maps  are  due  to  the  work  of  Mr.  Henry  Gannett. 
The  topographical  report  of  the  latter  supplements  this,  and  will  give 
ail  the  topographical  details,  elevations,  &c. 

To  my  colleagues,  both  in  the  field  and  in  the  office,  I  am  under  obliga- 
tions for  their  cordial  co-operation  in  my  work.  I  am  especially  indebted 
to  Mr.  J.  E.  Mushbach,  to  whose  zeal  and  industry  in  the  collection  of 
fossils  and  other  data,  while  in  the  field,  is  due  the  elucidation  of  a 
number  of  obscure  points  in  the  geological  structure  of  the  district. 

To  Captain  Bainbridge,  in  command  at  Fort  Hall,  and  to  his  colleague, 
Lieutenant  Hall,  we  desire  to  express  our  thanks  for  the  kindness  shown 
\is  while  we  were  refitting  at  their  beautiful  little  post. 

Hoping  this  report  may  meet  all  requirements,  I  have  the  honor  to 
remain,  very  respectfully,  your  obedient  servant, 

A.  C.  PEALE. 

Dr.  F.  V.  Hayden, 

United  States  (feologist-in-charge* 


EPORT  ON  THE  GEOLOGY  OF  THE  GREEN  RIVER  DISTRICT. 


By  Dr.  A.  C.  Pkale. 


CHAPTER  I. 

GENERAL  INTRODUCTION. 

AREA. 

[lie  district  assigrted  the  Green  River  Division  for  the  season  of  1877 
\  between  the  meridians  109°  30*  and  112°  and  between  the  parallels 
>  45*  and  43°.  This  includes  an  area  of  about  11,100  square  miles,  the 
ger  portion  of  which  lies  within  the  limits  of  Wyoming  Territory,  the 
t  being  divided  between  Utah  and  Idaho.  The  area  thus  indicated 
s  surveyed,  and  in  addition  to  it  a  belt  of  country  reaching  west  to 
ridian  112°  307,  so  that  the  entire  area  surveyed  amounts  to  13,000 
iare  miles,  distributed  among  the  three  Territories  as  follows : 

Square  mile*. 

timing 0,56*2 

bo 5,328 

k 1,110 

Total 13,000 

>n  the  east  our  work  connected  directly  with  that  of  the  Sweetwater 

ision,  under  Mr.  Chittenden  and  Dr.  Endlich.    Our  northern  line 

the  southern  limit  of  the  work  of  the  Teton  or  Snake  River  Division, 

ar  Mr.  Bechler  and  Mr.  St  John.    The  country  bordering  our  dis- 

on  the  south  has  been  explored  and  mapped  in  detail  by  the  Survey 

le  Fortieth  Parallel,  under  the  direction  of  Clarence  King. 

FORMER  GEOLOGICAL  EXPLORATION. 

hough  from  the  time  of  Bonneville's  explorations  to  the  present  time 

strict  has  been  traversed  by  many  parties,  little  has  been  added  to 

lowledge  of  the  country  outside  of  their  immediate  routes  of  travel. 

efers  more  particularly  to  the  eastern  and  northern  portions,  for 

stern  and  southwestern  parts  of  the  district  are  comparatively  well 

and  therefore  well  known.    Nearly  all  previous  explorations  were 

specific  purpose  of  selecting  routes  for  wagon-roads  across  the 

,  and  the  additions  made  to  our  knowledge  were  geographical 

.  limited  degree  topographical  rather  than  geological.    This  sub- 

,  however,  be  referred  to  in  more  detail  by  Mr.  Gannett  in  his 

The  only  geological  explorations  previously  carried  on  in  the 

rere  of  a  reconnaissance  character,  and  extended  over  but  limited 

of  the  district    The  explorations  of  the  Geological  Survey  in 

871,  and  1872,  comprises  the  largest  portion  of  this  reconnais- 

Dr.  Hayden  passed  near  our  eastern  line  on  his  way  from 
*s  to  Fort  Bridger,  following  down  the  Little  and  Big  Sandy 

•Report  U.  S.  Geol.  Surv.  of  Ter.  for  1870,  1871,  pp.  39-41. 
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In  1871  the  survey  travelled  northward  through  Cache  Valley  and 
Marsh  Creek  and  the  Lower  Portneuf  Valley,  in  the  western  part  of  the 
district,  en  route  to  the  Yellowstone  National  Park,  and  in  the  following 
autumn  on  returning  from  the  field  the  party  came  through  the  Upper 
Portneuf  Valley  to  the  bend  of  Bear  River,  and  thence  via  Bear  River 
Valley  and  Bear  Lake  to  Evanston,  Where  the  expedition  disbanded. 

Although  the  work  done  was  somewhat  general  in  its  character  it  was 
essentially  correct,  and  all  that  has  been  added  during  the  season  of  1877 
is  in  the  matter  of  detail  and  in  tracing  its  geological  connection  with  the 
formations  of  the  surrounding  country. 

In  1872  the  Snake  River  Division  of  the  survey  passed  northward  from 
Ogden  via  Malade  Valley  and  the  Portneuf  to  the  Snake  River  plains.  In 
1872  also,  Prof.  E.  D.  Cope  took  a  small  party  over  the  southwest  corner  of 
the  Green  River  Basin,  visiting  Fontenelle  Caiion.    (See  Report  for  1872.) 

In  1873  an  expedition  to  the  Yellowstone  National  Park  under  Capt. 
W.  A.  Jones  went  from  Fort  Bridger  to  Camp  Stambaugh  over  the  route 
via  Big  Sandy,  &c,  followed  by  Ilayden  in  the  reverse  direction  in  1870. 
Prof.  Theo.  B.  Comstock  acted  as  geologist  for  the  party  and  has  colored 
a  geological  map  which  includes  the  southwestern  part  of  the  Wind 
River  Mountains  and  the  adjacent  portion  of  the  Green  River  Basin. 
All  that  falls  within  the  limits  of  our  district  is  incorrectly  colored,  and 
the  explanation  is  found  in  the  fact  that  Professor  Comstock  never  visited 
the  portions  thus  colored.    On  the  southwestern  slopes  of  the  Wind 
River  Mountains  formations  from  the  Lower  Silurian  to  Carboniferous 
are  colored  as  showing  between  the  granites  of  the  range  and  the  Green 
River  beds  of  the  Green  River  Basin,  whereas  the  fact  is  that  the  Ter- 
tiary beds  ( Wahsatch  formation)  are  directly  superimposed  on  the  granitic 
rocks,  the  line  of  junction  being  frequently  concealed  by  accumulations 
of  morainal  material. 

Professor  Comstock  also  colored  an  area  of  volcanic  rock  as  extending 
southward  east  of  John  Day's  Kiver  between  it  and  the  Green  River 
Basin.  This  area  is  occupied  by  what  we  have  named  the  Wyoming 
Range,*  which  is  composed  almost  entirely  of  Carboniferous  rocks.  A 
large  portion  of  the  area  represented  by  him  as  occupied  by  the  Green 
River  Group  has  the  underlying  Wahsatch  Group  as  the  surface  forma- 
tion. The  map  of  the  Green  River  Basin  published  by  the  Survey  of  the 
Fortieth  Parallel  in  the  western  northern  portion  slightly  overlaps  our 
southern  line  in  the  eastern  part  of  our  district.  Portions  of  this  region 
were  not  visited  by  the  Fortieth  Parallel  Survey,  and  therefore  it  was  not 
thoroughly  explored  by  them.t  The  map  colored  by  them,  as  regards 
these  parts,  although  generally  correct,  differs  in  a  few  minor  details  from 
the  map  as  colored  by  us  especially  in  the  eastern  portion. 

DRAINAGE,  MOUNTAINS.  ETC. 

Drainage. — The  drainage  of  the  district  belongs  to  three  systems,  viz: 
Green  Kiver,  Snake  River,  and  the  Great  Basin. 

It  is  not  proposed  here  to  go  into  the  details  of  the  drainage,  as  it  falls 
more  properly  within  the  province  of  the  topographer.  All  the  details 
necessary  for  the  elucidation  of  the  geological  structure  of  the  district 
will  be  presented  in  the  subsequent  chapters. 

The  district  is  naturally  divisible  for  the  purpose  of  description  into 

Mn  the  map  accompanying  his  report,  the  u:iiu«*  Wyoming  is  given  to  the  mount- 
ains that  previously  were  known  as  the  Gros  Veutiv  Mountains.  We  have  transferred 
the  name  to  the  range  just  south,  which  was  unnamed. 

t  Report  V.  S.  Geol.  Expl.  40th  Parallel,  vol.  ii,  p.  r>0l. 
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three  area^  corresponding  to  the  division  of  the  drainage,  viz :  The  Green 
River  Drainage  Area,  the  Snake  River  Drainage  Area,  and  the  Great 
Basin  Drainage  Area.  The  first  includes  5,223  square  miles,  the  second 
2,879  square  miles,  and  the  third  4,898  square  miles. 

Green  Eiver  is  the  artery  of  the  first  area.  It  probably  deiives  the 
largest  amount  of  water  from  the  Wind  lliver  Mountains,  although  a 
large  number  of  its  tributaries  rise  in  the  mountains  and  hills  on  the 
west  side  of  the  basin.  Its  course  is  generally  south,  and  its  tributaries 
on  the  west  have  southerly,  easterly,  and  southeasterly  courses.  On 
the  east  the  tributary  streams  are  confined  mainly  to  the  extreme  north- 
eastern part  of  our  district,  there  being  no  streams  joining  the  Green  on 
the  east  between  the  mouth  of  the  New  Fork  and  that  of  the  Big  Sandy, 
a  distance  of  about  80  miles  as  the  river  is  followed. 

The  streams  flowing  from  our  district  to  Snake  River  are  John  Day's 
River,  Salt  River,  Blackfoot  River,  and  the  Portneuf  River.  The  first 
two  of  these  streams  are  approximately  parallel,  flowing  north  and 
joining  the  Snake  beyond  the  limits  of  our  district.  The  Blackfoot  and 
Portneuf  Rivers  are  both  very  irregular  in  their  courses.  The  general 
direction  of  the  Blackfoot  is  northwest,  but  some  of  its  branches  flow 
south  and  southeast,  and  others  southwest.  The  Portneuf  at  first  flows 
to  the  southward,  approaching  the  bend  of  Bear  River  in  a  broad,  open 
valley  which  is  continuous  from  the  Portneuf  to  the  Bear.  It  then  turns 
abruptly  to  the  east  and  cuts  across  the  Portneuf  Mountains  to  the  valley 
of  Marsh  Creek,  when  it  turns  to  the  northward  and  flows  in  a  course 
parallel  to  its  former  one,  although  reversed  in  direction. 

Bear  River,  which  drains  the  third  area,  has,  however,  the  most  eccen- 
tric course.    Rising  in  the  Uintah  Mountains,  it  flows  generally  north- 
ward, entering  our  district  a  little  west  of  meridian  111°.     It  then  con- 
tinues northward  along  the  east  side  of  the  Bear  River  Plateau  until  it 
is  joined  by  Thomas  Fork  coming  from  the  north.    It  then  turns,  and  with 
a  zigzag  course  flows  across  the  end  of  the  plateau,  and  loses  its  char- 
acter as  a  river  in  the  swamp  or  marsh  that  extends  northward  from 
Bear  Lake.    Emerging  from  the  swamp,  it  continues  northward  and 
northwestward  to  the  Great  Bend  at  Soda  Springs,  where  it  reaches  its 
most  northern  point,  which  is  (il  miles  from  our  southern  line.    Flowing- 
westward  through  the  gap  at  the  north  end  of  the  Bear  River  Mountains, 
Bear  River  enters  the  broad  valley  that  extends  northwestward  to  the 
Portneuf.    This  valley  is  floored  with  basalt,  and  the  river  flows  across 
it  in  a  canon  that  is  cut  some  200  or  300  feet  below  the  surface  of  the 
basalt.    From  the  west  side  of  the  valley  it  takes  a  southerly  course 
through  Gentile  Valley,  whence  it  flows  by  way  of  a  canon  into  Cache 
Valley.     In  the  lowest  portion  of  the  latter  it  is  joined  by  Logan  Fork, 
and  turns  westward  through  the  "  (Tates,"  from  which  it  emerges  into 
the  Salt  Lake  Basin,  and  leaves  our  district,  on  its  way  southward  to 
&3altLake,  in  longitude  112°  8',  only  54  miles  west  of  the  point  at  which 
it  entered.  *  It  lias  a  course  of  some  200  miles  within  the  limits  of  our 
•liatrict.   . 

Plateau*. — The  district  is  about  equally  divided  between  mountains, 
plateaus,  and  valleys.  The  greatest  elevation  is  1 1,400  feet  in  Wyoming 
JPeak  in  the  Wyoming. Range.  The  lowest  elevation  is  where  the  Bear 
finally  leaves  the  district,  being  about  4,300  feet.  The  Green  Rivei 
ttasin  is  mainly  a  plateau  through  which  the  streams  flow  in  canons 
from  100  to  400  feet  in  depth.  The  plateau  slopes  from  the  northward. 
'Where  its  elevation  is  about  7,500  feet,  toward  the  south,  where  it  is  about 
6,900  feet.  There  is  also  a  slope  on  the  west  side  toward  Green  River 
from  the  Meridian  Bidge,  Thompson  Plateau,  and  the  Wyoming  Range. 
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Besides  the  Green  River  and  Thompson  Plateaus,  there  are  the  Ham's 
Fork  Plateau  and  the  Bear  Lake  Plateau,  all  of  which  will  be  hereafter 
described  in  detail. 

Mountains. — The  mountains  of  the  district  have  in  general  the  char- 
acter of  short,  isolated  ranges.  The  Bear  River  Range,  extending  south 
from  the  Great  Bend  of  Bear  River,  is  the  longest  within  our  district 
(having  a  length  of  GO  miles),  and  stretches  some  distance  south  of  our 
line  to  join  the  Wahsatch  Range.  The  Wind  River  Range  occupies*  a 
small  portion  of  our  area  in  the  northeast  corner. 

On  the  west  side  of  Green  River  Basin  are  the  Wyoming  Mountains, 
and  west  of  them  the  Salt  River  Range.    Although  short,  these  are 
important  ranges.    The  Wyoming  Range  ends  at  the  head  or  La  Barge 
Creek,  but  the  line  of  uplift  is  continued  southward  in  the  Absaroka 
Ridges.    The  Salt  River  and  Wyoming  Ranges  both  have  north  and 
south  trends.    West  of  the  Salt  River  Range  we  have  no  mountains  until 
we  reach  the  Portneuf  Range.    The  northern  end  of  the  Preuss  Range, 
it  is  true,  extends  northward  between  the  east  and  south  forks  of  the 
Blackfoot,  but  the  mountainous  character  is  here  nearly  lost.    Besides 
this,  there  are  only  comparatively  low  ridges  and  isolated  groups  of 
hills  in  the  northern  part  of  the  district  between  the  Salt  River  Range 
and  the  Portneuf  Range.    West  of  the  Portneuf  is  a  range  to  which 
we  gave  the  name  "  Bannack."    It  extends  southward,  of  very  unequal 
height,  to  the  head  of  the  Malade  Valley.    Opposite  the  southern  end 
of  this  range,  at  the  head  of  Marsh  Creek  Valley,  the  Malade  Rang* 
begins.    This  range  consists  really  of  two  groups,  the  ends  of  which 
overlap eaeh  other.    The  southern  one  ends  just  north  of  the  "Gates* 
of  Bear  River,  and  on  the  south  side,  some  distance  from  the  river,  is  the 
northern  end  of  the  Wahsatch  Range.    A  few  degrees  south  of  east 
from  the  Portneuf  Range  is  a  group  of  hills,  some  of  which  attain  tiie 
dignityr  of  mountains.    They  are  north  of  Cache  Valley,  lying  between 
Marsh  Creek  Vallev  and  Bear  River.    Thev  will  be  described  as  the 
southern  extension  of  the  Portneuf  Range. 

On  both  the  eastern  aud  western  edges  of  the  Bear  Lake  Plateau 
erosion  has  removed  the  plateau  character,  and  there  are  hills  and  ridges 
with  north  and  south  trends.  This  is  more  noticeable  toward  the  north- 
ern end  of  the  plateau.  The  hills  on  the  east  have  been  named  the 
Boundary  Hills,  as  the  boundary  line  separating  Wyoming  and  Idaho 
crosses  them,  following  approximately  their  trend. 

Following  the  strike*  of  the  beds  on  the  west  side  of  the  plateau,  north- 
ward  across  Bear  River,  we  find  the  ridges  soon  rising  into  a  range,  th* 
culminating  peaks  of  which  are  found  in  Mount  Preuss  and  the  neigh-  ; 
boring  mountains.  Farther  north  the  strike*  of  the  beds  seems  to  turn 
somewhat  to  the  westward,  and  a  number  of  ridges  branch  from  the 
range  and  are  seen  as  spurs  separating  the  branches  of  the  Blackfoot  j 
River. 

Xorth  of  Bear  River  Valley  is  Sublette  Range,  between  Smith's  Fork 
and  Thomas  Fork.  The  strata  composing  these  hills  or  mountains  pa* 
under  Hear  River  Valley  as  we  follow  the  strike  southward.  ;, 

The  western  edge  of  tin1  Ham's  Fork  Plateau  is  bordered  by  a  line  of  hills  :j 
with  a  north  and  south  trend.  They  stand  on  the  east  side  of  Rock  j^ 
Creek  and  die  out  to  the  northward,  where  a  second  range,  that  marks*  j.- 
the  west  side  of  Rock  Creek,  becomes  the  most  prominent.  The  latter  j' 
range  l>egins  in  a  plateau-remnant  in  the  angle  of  Twin  and  Rock  Creeks 
and  extends  northward  on  the  west  side  of  Rock  Creek  and  the  eaft  .-. 
side  of  Smith's  Fork,  until  it  loses  the  character  of  a  distinct  rang***11 
the  group  of  high  mountains  that  connect  the  Salt  River  Range,  the 
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Wyoming  Range,  and  the  Absaroka  Ridge.  This  range  really  joins  the 
latter,  tor  the  drainage  of  Smith's  Fork  and  Labarge  Creek  separates 
them  both  from  the  two  ranges  that  lie  to  the  northward. 

.The  mountains  about  the  sources  of  the  Labarge  and  Smith's  Fork 
are  very  irregular  toi>ographically.  The  drainage  flows  sometimes  with 
the  strike  of  the  rocks  and  sometimes  cuts  across  at  right  angles,  so  that 
there  appears  to  be  no  system  either  in  the  drainage  or  the  mountains, 
except  that  the  strike  of  the  rocks  is  approximately  north  and  south, 
and  where  erosion  has  not  worn  down  the  beds  the  ranges  have  trends 
corres}K>nding  to  this  strike. 

■  With  the  exception  of  the  Wind  River  Range,  the  mountains  of  the 
district  belong  to  the  Wahsatch  system. 

.-  Valleys. — Owing  to  the  isolated  character  of  the  mountain  ranges?  we 
have  numerous  valleys  lying  between  them.  In  addition  to  the  river 
valleys,  or  those  due  to  the  erosive  action  of  the  rivers,  there  are  wider 
areas  which  correspond  to  the  parks  of  Colorado.  The  impression  made 
upon  the  mind  as  these  broad  valleys  are  seen  from  the  mountains  is 
that  they  must  onee  have  been  occupied  by  lakes  above  which  many  of 
the  smaller  groups  of  mountains  must  have  risen  as  island  masses  at 
least  when  the  lakes  were  at  their  highest  level.  These  valleys  form 
dome  of  the  richest  agricultural  areas  in  the  district.  The  principal  ones 
are  Ham?s  Fork  Basin,  Salt  River  Valley,  Bear  River  Valley,  Bear  Lake 
Valley,  Soda  Spring  Valley,  Hollow  Hand,  Basalt  Valley,  Upper  Port- 
leuf  Valley  j  Lower  Portneuf  Valley,  Marsh  Creek  Valley,  Malade  Valley, 
©ache  VaUey,  and  Gentile  Valley.  Of  these  Cache  Valley  is  the  most 
Celebrated,  having  been  settled  many  years  ago  by  the  Mormons.  It  is 
bow  well  cultivated  and  has  many  flourishing  towns.  Bear  Lake  Valley 
is  also  comparatively  well  settled,  although  it  does  not  appear  to  be  as 
favorably  adapted  for  agricultural  purposes  as  ('ache  Valley.  Basalt 
Valley  and  the  "  Hollow  Hand "  are  floored  with  basalt  which  came 
from  craters  that  still  exist  in  the  region.  All  of  these  valleys  will  be 
treated  of  in  detail  in  subsequent  portions  of  this  report  and  in  the  report 
of  Mr.  Gannett. 
»■ 

GEOLOGICAL  FORMATIONS. 

»  *  - 

With  the  exception  6f  the  limited  granitic  areas  along  the  western 
slopes  of  the  Wind  River  Mountains  in  the  northeastern  corner  of  the 
district,  and  the  prominent  basaltic  flows  Ailing  the  valleys  in  the  Black- 
ftot  and  Up]>er  Portneuf  regions,  the  rocks  of  the  district  are  sediment- 
ary.   The  following  list  gives  all  that  are  found  in  our  district : 

Archaean Metamorphic. 

Silurian *) 

fcfcrboniferous 

Post-Cretaceous  ?    Laramie  Group 

Tertiary 

Quaternary 

Basalt \  Volcanic. 

.  These  will  be  considered  in  detail  in  the  succeeding  chapters,  when 
%he  subdivision  and  thicknesses  will  be  enumerated. 
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GREEN  RIVER  CITY  TO  GRANGER. 


The  party  took  the  field  at  Green  River  City.  Wyo.,  June  1. 
first  month  of  the  field  season  wa*  occupied  mainly  with  the  survey 
the  drainage  of  Green  River.  The  second  day  out  from  Greeti  Ri 
City  brought  us  into  our  district,  and  that  evening  the  party  cam 
at  the  mouth  of  the  Big  Sandy.  Fording  this  shallow  muddy  st 
on  the  third,  the  line  of  march  was  along  its  banks  to  the  mouth  of 
Little  Sandy.  The  next  two  days  the  Big  Sandy  was  followed  until 
encamped  on  the  6th  near  where  it  emerges  from  the  foothills  of 
Wind  River  Mountains.  The  Green  River  Basin,  between  the 
Sandy  and  Green  River,  has  on  some  old  maps  been  called  the  G 
American  or  Colorado  Desert.  It  is  a  broad  almost  unbroken  exj 
covered  with  sage  (Artemisia)  and  grass.  The  prevailing  formation 
the  Green  River  Group  of  the  Tertiary,  consisting  of  clays,  sands, 
marls,  which  on  Green  River  form  bluffs  a  couple  of  hundred  feet 
and  outcrop  in  lower  bluffs  on  the  Big  Sandy. 

Our  course  so  far  was  in  general  northerly.  Reaching  the  foothills 
skirted  them  travelling  toward  the  northwest  and  crossing  the  varii 
branches  of  Green  River  that  form  the  new  fork.  We  reached  G: 
River  near  our  northern  line  at  the  mouth  of  Lead  ( 'reek  on  June 
Two  days  later  we  forded  the  Green,  which  was  rapidly. rising.  In 
few  more  days  we  would  have  experienced  some  difficulty  in  crossing. 

The  vallevs  on  Green  River,  and  its  branches  in  the  northeast  co 
of  our  district,  are  all  broad  and  well  grassed.    There  are  large 
here  suitable  for  agricultural  purposes  and  larger  areas  valuable  for  g 
ing  lands.    The  prevailing  formation  is  the  Wahsatch  Group,  which 
exposed  by  the  erosion  of  the  overlying  Green  River  Group.    The  Wi 
satch  bad-land  l>eds  rest  on  the  granitic  rocks  of  the  Wind  River  Mo 
aiu  foothills.    The  junction  is  generally  obscured  by  moraiuaJ  mat 
from  the  mountains.    In  a  few  places,  however,  the  Wahsatch  strata 
seen.    They  always  incline  gently  from  the  mountains  toward  the  G 
River  Basin,  thus  indicating  a  slight  elevation  of  the  mountains  sii 
the  deposition  of  the  beds. 

On  the  west  side  of  Green  River  Basin  the  same  beds  are  seen  risi 
gently  as  we  approach  the  hills  that  form  the  boundary  of  the  basin 
the  west.  The  Wyoming  Mountains  form  the  boundary  toward  the  no 
but  as  we  go  south  they  die  out  and  we  have  a  series  of  parallel  rid 
that  stand  farther  to  the  east.    The  rocks  in  the  mountains  are  mai: 
( -arboniferous  limestones,  but  in  the  parallel  ridges  to  the  south  \u 
Triassic,  Jurassic,  and  Cretaceous  rocks,  the  folding  of  which  has  can* 
the  ridges. 

From  the  mouth  of  Lead  Creek  we  travelled  southward  on  the  * 
side  of  the  Green,  crossing  ITorse,  Marsh,  White  Clay,  Bitteroot,  Pim 
Feather,  and  Laliarge  (-reeks.    Below  the  mouth  of  Marsh  Creek 
old  Lander  road  from  South  Pass  to  Old   Fort  Ilall  crosses  the  lift* 
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'e  reached  the  mouth  of  Fontenelle  Creek  June  15.  Here  we  found 
veral  ranches  that  seem  to  be  in  a  flourishing  condition.  One  of 
em  furnishes  butter  for  a  number  of  the  towns  on  the  Union  Pacific 
nilroad.  The  valley  of  Green  River  throughout  most  of  this  portion  of 
*  course  is  rather  narrow  and  bordered  with  cafion  walls.  There  are, 
>wever,  several  expansions  of  the  valley,  especially  at  the  mouth  of  La 
irge  Creek,  and  where  White  Clay,  Bitter  Root,  and  Piney  Creeks  join 
e  Green.  The  latter  of  these  creeks  appears  to.  have  considerable 
iuvial  land  of  good  quality  along  its  course.  There  is  scarcely  any 
nit  to  the  grazing  land  in  this  vicinity,  as  the  mesas  are  covered  with 
inch  grass.  A  very  fair  wagon-road,  a  portion  of  which  is  the  old  emi- 
■ant  road,  follows  down  the  west  side  of  Green  River. 
Sublette's  road  crosses  Green  River  near  the  mouth  of  La  Barge 
reek,  and  crosses  the  Fontenelle  about  four  miles  above  its  mouth.  It 
icii  bears  away  from  Green  River,  going  to  the  southwest,  to  the  head 
Crow  Creek,  one  of  the  branches  of  Ham's  Fork. 
We  followed  the  Fontenelle  to  the  east  side  of  the  Meridian  Ridge, 
Inch  we  crossed  south  of  the  Fontenelle  Canon,  and  then  camped  on 
ie  branch  that  comes  through  Absaroka  Ridge.  Between  Meridian 
idge  and  Absaroka  Ridge  there  are  lines  of  hogbacks  that  extend 
>rth  as  far  as  La  Barge  Creek.  These  were  named  the  Fontenelle 
ogbacks.  They  also  extend  southward,  but  are  not  quite  so  marked, 
i  the  strata  have  not  been  so  much  eroded,  owing  to  the  fact  that  the 
Id  becomes  gentler  in  that  direction,  and  the  beds  did  not  reach  so 
eat  an  elevation  as  they  did  farther  north. 

From  our  camp  on  Fontenelle  (.-reek  we  turned  southward,  west  of 
eridian  Ridge,  to  (how  Creek„  and  then  crossed  to  the  head  of  Slate 
reek.  The  latter  stream  was  then  followed  to  the  Green.  South  of 
ate  Creek  beds  of  Bridger  age  are  seen,  forming  buttes  that  are  the 
itliers  of  the  Bridger  areas  that  prevail  so  extensively  farther  south. 
x>in  the  mouth  of  Slate  ( 'reek  we  followed  Green  River  to  the  fe^ry, 
liere  the  road  from  South  Pass  crosses.  From  the  ferry  we  turned 
uthward,  arriving  at  Granger  Station,  on  the  Union  Pacific  Railroad, 
t  the  22d  of  June.  The  Bridger  Group  prevails  between  Green  River 
id  Granger,  as  is  shown  also  on  the  map  of  the  Green  River  Basin  by 
e  survey  of  the  Fortieth  Parallel.  This  area  was  outside  of  our  dis- 
ict,  and  Granger  was  simply  our  first  supply  depot. 

GRANGER   TO  FORT   HALL. 

Taking  a  month's  supply  of  provisions  we  started  on  our  second  trip 
me  24.  Leaving  (hanger  we  followed  up  Ham's  Fork.  The  second 
iy\s  march  brought  us  once  more  within  the  limits  of  the  district.  The 
illey  of  Ham's  Fork  has  abundant  agricultural  land  of  fine  quality,  and 
e  neighboring  hills  are  well  grassed.  The  prevailing  formation  on  both 
ies,  from  Granger  to  the  first  branch  coming  in  from  the  north,  is  the 
ridger  Group.  Above  the  creek  just  mentioned  the  river  cuts  a  nar- 
w  canon  through  beds  of  Green  River  Tertiary  age. 
The  road  that  follows  Ham's  Fork  is  obliged  to  cross  and  recross  the 
rev  several  times,  and  as  there  arc  no  bridges,  the  route  is  one  that  is 
ied  only  after  the  spring  Hoods.  A  trail,  however,  follows  the  north 
le,  and  this  we  utilized,  following  it  through  the*  canon  which  the 
ream  cuts  in  its  way  across  Oyster  Ridge.  Just  as  the  stream  enters 
is  canon,  it  turns  at  right  angles  to  its  former  course.  We  forded  the 
ream  on  the  wagon-road  just  above  the  bend,  and  followed  up  the  right 
ink  until  we  reached  the  Sublette  road,  which  comes  across  from  Crow 
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Creek.   After  crossing  Hani's  Fork  this  road  ascends  the  plateau  on  the 
west  side,  and  continues  its  course  to  the  northwest,  crossing  Rock  Creek 
and  following  down  a  branch  of  Sublette's  Creek  to  the  valley  of  Bear 
River.  At  Smith's  Fork  we  left  this  valley  and  followed  the  latter  stream 
to  its  head  where  the  Lander  road  crosses  it.    Turning  eastward  we 
crossed  via  Thompson's  Pass  to  the  east  side  of  the  mountains.    The 
road  keeps  south  of  the  southern  end  of  the  Wyoming  and  Salt  Riveir 
Ranges,  crossing  the  high  ridges  which  extend  southward. "  Leaving 
Smith's  Fork  the  road  follows  for  a  short  distance  down  Labarge  Creek, 
but  soon  comes  out  on  the  head  of  Piney  Creek  at  the  north  end  of 
Thompson  plateau.    The  eastern  edge  of  this  plateau  marks  the  western 
limit  of  the  Tertiary  beds  of  the  Green  River  Basin.    North  of  the  plateau 
an  anticlinal  fold  (Meridian  Fold)  iu  Cretaceous  and,  perhaps,  older  bedfc 
marks  the  limit  for  some  distance.    The  streams  from  the  mountains  cut 
across  this  anticlinal  in  canons.    The  Thompson  plateau  is  composed  of 
Carboniferous  rocks.    As  we  proceed  north  ward  the  Tertiary  strata  reach 
up  nearly  to  the  summit  of  the  anticlinal,  covering  and  concealing  the 
eastern  half.    On  the  west,  between  the  anticlinal  and  the  mountains, 
the  drainage  shows  a  tendency  to  north  and  south  courses  outside  of  the 
main  valleys,  which  are  east  aud  west.    At  the  head  of  the  cation  cut 
across  the  anticlinal  the  streams  are  therefore  found  to  have  united. 
This  is  very  mai  ked  in  the  case  of  Piney  Creek,  but  is  also  shown  in  the 
streams  farther  north.  The  strata  between  the  anticlinal  and  the  mount- 
ains dip  to  the  westward  with,  of  course,  north  and  south  strikes,  which, 
from  erosion,  gives  a  series  of  low  hogback  ridges.    The  same  right- 
angled  arrangement  is  seen  in  the  mountains,  but  to  a  lesser  degree, 
and  it  is  due  to  the  fact  that  the  Carboniferous  limestones  also  dip  to 
the  west.    We  followed  a  trail,  that  ti'as  often  very  dim,  from  Piney 
Creek  to  Lake  Creek,  and  thence  across  Bitterroot  and  Lauder  Creeks 
to  Marsh  Creek,  keeping  between  the  mountains  and  the  anticlinal  ridge 
already  referred  to. 

Reaching  Marsh  Creek,  we  found  a  large  and  well-marked  Indian  trail 
leading  up  the  creek.     We  followed  this  trail  to  the  head  of  the  creek 
and  across  McDougaFs  Gap.    The  ascent  to  the  pass  is  easy  and  grad- 
ual.    The  descent  from  the  summit  to  the  level  of  McDougal's  Creek 
is  abrupt,  and  for  some  distance  down  the  creek  the  trail  is  very  steep 
and  rocky,  with  some  very  heavy  grades.     The  canon  of  McDou«ral 
( 'reek  is  narrow  throughout  its  entire  length,  having  no  alluvial  bottoms 
until  the  valley  of  John  Day's  River  is  reached.     The  latter  stream  sep- 
arates the  Wyoming  Range  from  the  Salt  River  Range.    Both  ranges  are 
full  of  first-class  mountain  peaks.     From  the  mouth  of  McDougaFs  Creek 
we  went  up  John  Day's  River  until  we  were  opposite  "Wyoming  Teak. 
After  making  a  station  on  this  peak  we  retraced  our  steps  to  the  mouth 
of  Sickle  Creek,  which  comes  into  the  river  nearly  opposite  McDougal's 
Creek.     The  valley  of  John  Day's  River  is  canon-like  throughout  aluiast 
its  entire  length,  and  it  is  well  timbered  with  pine  aud  spruce.    The 
largest  area  of  bottom  land  is  just  above  the  mouth  of  McDougal's  Creek, 
where  an  island  widens  the  river. 

We  followed  Sickle  Creek  to  its  head  at  McDougal's  Pass.  On  the 
west  side  of  thepa^s  we  found  a  huge  snow-bank  filling  the  gorge  at  the 
head  of  Glacier  Creek.  Several  of  the  side  gulches  farther  down  were 
also  found  to  be  filled  with  snow-banks.  The  trail  down  the  creek  fa 
rough.  Not  only  is  it  very  rocky,  but  it  is  also  much  obstructed  by  tim- 
ber. The  Salt  River  range  is  composed  largely  of  Carboniferous  rocks. 
The  change  as  we  emerge  from  the  gloomy  canon  of  Glacier  Creek  and 
come  out  into  the  broad  valley  of  Salt  lttver  is  striking. 
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The  valley  of  Salt  Biver  is  admirably  adapted  fpr  grazing  purposes, 
being  covered  with  an  abundant  growth  of  bunch-grass.  The.mrfoce  of 
the  valley  is  covered  with  drift  derived  from  the  mountains,  and  t&Ui  drift 
appears  to  be  made  up  largely  of  coarse  pebbles,  which  would  perhajw 
interfere  somewhat  with  the  use  of  the  land  for  agricultural  purposes. 
On  the  river  bottom,  however,  the  land  is  of  an  excellent  quality.  We 
traveled  southward  in  the  valley,  making  stations  on  the  peaks  of  tin* 
range.  We  forded  Salt  River  above  the  mouth  of  Crow  Creek,  and 
crossing  once  more  the  Lander  road,  followed  an  Indian  trail  up  the 
creek.  The  hills  west  of  Salt  River  are  high  and  broken,  with  a  ten- 
dency to  form  parallel  ridges,  between  wrhich  there  are  broad  valleys. 
Alter  working  the  country  between  Crow  Creek  and  Beaver  Creek,  wo 
turned  northward  through  one  of  the  broad  valleys  just  referred  to,  fol- 
lowing down  the  south  fork  of  Smoking  Creek,  which  joins  the  main 
stream  near  the  old  Salt- Works,  which  are  now  deserted.  Here  again  we 
came  upon  the  Lander  road.  We  now  followed  it  over  into  t\m  valley 
of  John  Gray's  Lake.  After  making  stations  in  the  isolated  hills  south  of 
this  marshy  lake,  we  once  more  abandoned  the  road  and  followed  down  the 
Blackfoot.  The  course  of  the  Blackfoot  is  very  winding  through  a  basalt- 
covered  plain.  Bordering  it  are  numerous  craters  and  volcanic  buttes, 
and  frequently  the  stream  cuts  caDons  in  the  basaltic  layer,  and  from 
these  often  emerges  into  broad  meadows  and  marshy  areas.  The  river 
describes  a  semicircle,  and  Lander's  road,  which  we  left  at  the  head  of 
the  stream,  follows  what  might  be  called  tiie  diameter  of  this  semicircle, 
so  that  by  following  the  river  we  once  more  reached  the  road,  this  time 
at  the  ford  of  the  Blackfoot*  Near  here  we  noticed  large  droves  of 
cattle,  which  were  being  driven  eastward.  The  valley  of  the  Blackfoot 
formed,  an  excellent  resting-place,  well  suited,  as  it  is,  for  grazing  pur- 
poses. From  the  ford  we  traveled  eastward  on  the  road  to  the  head  of 
Ross's  Fork, 

After  making  a  station  on  Mount  Putnam,  we  crossed  back  again  to 
the  head  of  the  Portneuf  and  skirted  the  east  side  of  the  hills  south  of 
Putnam  until  we  reached  the  point  where  the  river  leaves  the  Upper 
Portneuf  Valley.  Prom  this  point  the  Portneuf  was  followed  to  the 
Snake  River  Plain.  Basalt  was  found '  extending  through  the  upper 
cafion  and  in  the  lower  valley  almost  to  the  plain.  Above  the  lower 
canon  the  basalt  forms  a  table  betweeu  the  Portneuf  and  Marsh  Creek. 

FORT  HALL  TO  FRANKLIN. 

We  reached  Fori  Hall  on  the  6th  of  August,  thus  completing  our  sec- 
ond trip,  A  few  days  were  spent  in  refitting  the  outfit.  Every  facility 
was  afforded  us  by  Captain  Bainbridge  and  Lieutenant  Hall.  Having 
taken  up  our  supplies  that  were  awaiting  us,  we  started  on  our  third 
trip,  which  was  to  end  at  Franklin,  in  Idaho,  where  our  next  supply  depot 
was  located. 

From  Fort  Hall  we  proceeded  southward  up  Lincoln  Valley  and  across 
to  the  Upper  Portneuf  Valley,  crossing  the  route  taken  before  going  to 
Fort  Hall,  The  mass  of  hills  south  of  the  Portneuf  Canon  were  next 
examined,  and  we  then  turned  eastward  to  Soda  Springs.  At  the  latter 
place  several  days  were  spent  in  the  examination  of  the  interesting  group 
of  springs  located  there,  and  in  the  determination  of  the  geology  and  to 
pography  of  the  surrounding  country. 

The  bend  of  Bear  Biver  at  Soda  Springs  is  one  of  the  most  remarkable 
features  in  the  whole  district.  The  divide  between  Bear  River  and  the 
Upper  Portneuf  is  a  basalt  plain,  which  seems  to  have  had  its  source 
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partly  in  craters  in  the  Blackfoot  Valley,  and  partly  in  some  orators  just 
north  of  the  bend,  where  the  Bear  passes  ont  into  the  valley.  The  mirth 
end  of  the  Bear  River  Mountains  terminates  in  Sheep  Book.  North  of 
the  bend  the  mountains  consist  of  isolated  hills  and  ridges  of  Carbonif- 
erous and  Jurassic  rocks  with  basalt-covered  valleys  between  them*  Car- 
boniferous and  Jurassic  rocks  also  occur  east  and  northeast  of  the  bend, 
and  in  this  region  there  are  several  interesting  folds.  From  Soda  Springs 
we  followed  up  Bear  Biver,  passing  through  Georgetown.  Bennington, 
and  Montpelier. 

Above  Bennington  the  valley  of  Bear  Biver  in  wide,  and,  as  the  lake 
is  approached,  becomes  flat  and  marshy.  Thin  portion  of  the  vaHey  is 
well  settled,  and  the  fanners  appear  to  be  doing  well.  The  great  objec- 
tion appears  to  be  the  elevation  of  the  valley,  which  is  probably  the  cause 
of  the  frosts  late  in  the  spring  and  early  in  the  foil.  This  portion  of  the 
valley  is,  however,  better  off  in  this  respect  than  the  Upper  Bear  BivGr 
Valley.  In  the  latter,  near  the  mouth  of  Smith's  Fork,  about  July  1, 
when  we  were  there,  there  were  heavy  frosts  nearly  every  night.  In 
order  to  keep  cattle  successfully  through  the  winter,  one  of  the  former* 
living  in  the  settlement  at  the  mouth  of  Smith's  Fork  told  me  it  requires 
them  to  put  up  one  and  a  half  tons  per  head.  He  also  informed  me  that 
the  weather  we  were  then  experiencing  was  exceptional.  All  these  val- 
leys, however,  are  excellent  summer  ranges.  Near  Montpelier,  and  on 
the  west  side  of  Bear  Lake,  the  crops  of  wheat  were  large  and  the  settle- 
ments all  seemed  to  be  in  a  prosperous  condition.  At  one  place  I  wan 
shown  some  apples  that  grew  there  in  1877,  but  fruit  crops  in  this  region 
are  generally  understood  to  be  precarious. 

At  the  south  end  of  Bear  Marsh,  Bear  Biver  emerges  from  the  marsh 
into  which  it  entered  after  coming  from  a  cation  a  few  miles  north  of 
Bear  Lake.    This  canon  begins  a  short  distance  l>elow  Thomas  Fork. 
Sublette's  road,  which  we  had  been  following  from  Soda  Springs,  crosses 
the  hills  north  of  the  canon,  sometimes  coming  down  to  the  rivers  edge. 
At  several  points  there  are  broad  alluvial  bottoms,  especially  as  the 
mouth  of  Thomas  7?ork  is  approached.     Between  Thomas  Fork  and 
Smith's  Fork  the  valley  narrows,  but  south  of  the  totter  again  expands. 
Beyond  the  alluvial  bottom,  which  immediately  borders  the  river,  there 
is  a  wide  drift-covered  valley,  bordered  on  the  east  by  hills  which  soon 
develop  into  mountains  toward  the  north.     Formations  from  the  Carbon- 
iferous to  the  Wasatch  Tertiary  are  represented,  the  latter  resting  od  the 
upturned  edges  of  the  older  rocks  near  the  .south  line  of  the  district*    On 
the  west  side,  also,  the  same  unconforaiability  is  noticed,  the  variegated 
sandstones  and  conglomerates  extending  farther  to  the  north  than  on  tlie 
east,  and  forming  the  Bear  Lake  Plateau,  which  is  really  the  northern 
extension  of  the  eastern  side  of  the  Bear  Biver  Plateau  mapped  by  the 
survey  of  the  fortieth  parallel.    On  the  west  side  of  the  plateau,  erorion 
has  left  a  range  of  hills  that  are  about  1,500  feet  above  the  level  of  the 
lake.    There  is  a  steep  descent.to  the  edge  of  the  lake  which  leaves  hot 
a  narrow  beach  margin.    AVe  crossed  the  Bear  Lake  Plateau  a  few  mil** 
north  of  our  south  line,  reaching  the  south  end  of  Bear  Lake  at  Lake 
Town.    The  western  shore  of  the  lake  was  then  followed  and  the  eastern 
edge  of  the  Bear  Biver  Mountains  worked  up.     West  of  Paris,  a  town 
a  few  miles  northwest  of  the  lake,  we  crossed  the  Bear  Biver  Range  to 
the  head  of  Mink  Creek,  a  branch  of  Bear  Biver. 

The  Bear  Biver  Mountains  are  composed  of  Silurian  and  Carboniferous 
rocks,  mainly  quartzites  and  limestones.  Between  Bear  Lake  and 
Cache  Valley  there  is  a  rather  broad  synclinal  fold  complicated  by 
secondary  folds,  and  this  has  resulted  in  breaking  the  Bear  Biver  Moon- 
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tains  into  two  subranges,  which  are  especially  well  marked  toward  the 
southern  part  of  the  district. 

Facing  Bear  Lake  Valley  the  mountains  are  not  very  rugged,  and  al- 
though the  jtcaks  are  high,  the  ascent  to  them  is  comparatively  gradual. 
The  western  side  of  the  fold  is  the  highest,  forming  the  peaks  that  over- 
look Cache  Valley.  The  basset  edges  of  the  strata  face  the  west  and 
give  the  range  an  extremely  rugged  face.  The  mountains  are  steep 
and  rise  abruptly  from  the  valley.  The  canons  from  which  the  numerous 
streams  emerge  into  the  valley  are  very  picturesque,  and,  what  is  of  far 
more  iuqioitaiice  to  the  settlers,  furnish  ample  supplies  of  timber,  build- 
ing-stone, and  lime.  Numerous  saw-mills  and  lime-kilns  have  been 
erected  in  nearly  all  the  canons. 

.  While  at  the  head  of  Mink  Creek  a  day's  trip  was  made  into  Gentile 
Valley,  a  valley  well  adapted  for  agricultural  purposes,  extending  from 
the  caOon  of  Bear  River  northward  to  the  southern  limits  of  the  basaltic 
flow  that  fills  Basalt  Valley  and  through  which  Bear  River  cuts  a  canon 
several  hundred  feet  deep. 

There  sire  a  number  of  ranches  in  Gentile  Valley,  and  all  seem  to  be 
in  a  flourishing  condition. 

FRANKLIN    TO  OGDEN. 

On  the  Oth  of  September  we  reached  Franklin,  our  third  and  last- 
supply  depot  for  the  season.  Delaying  only  long  enough  to  get  our 
supplies,  we  continued  southward  along  the  east  side  of  Cache  Valley 
to  the  moiurh  of  Logan  Canon.  After  making  a  station  at  the  forks  of 
Logan  River  in  the  canon,  we  crossed  to  the  west  side  of  the  valley  and 
turned  northward  along  the  east  side  of  the  Malade  Range  to  Red  Rck 
Pass,  through  which  we  crossed  to  Marsh  Creek  Valley.  From  the  latter 
we  again  turned  southward  into  Malade  Valley,  with  which  our  season's 
work  ended. 

There  is  no  doubt,  as  Dr.  Hayden  pointed  out  in  his  reports  for  1870 
and  1871,*  that  all  these  valleys  were  once  tilled  by  lakes.  These  lakes 
were  connected.  Cache  Valley,  Malade  Valley,  Marsh  Valley,  and 
Basalt  Valley  were  all  occupied  by  lakes  which  appear  to  have  "  com- 
menced in  the  Pliocene  epoch  and  continued  on  up  to  the  present  time.'' 
A  view  of  these  valleys  obtained  from  one  of  the  numerous  peaks  over- 
looking them  renders  their  relation  to  each  other  very  apparent.  The 
isolated  hills  forming  the  Malade  Range  are  seen  to  have  formed  islands 
that  rose  above  the  waters  of  the  old  lake.  The  modern  Tertiary  de- 
posits are  seen  jutting  against  the  older  formations  that  enter  into  the 
structure  of  the  mountains,  and  these  Tertiary  rocks  seem  to  pass  by 
gradation  into  the  more  modern  deposits  found  in  the  central  portions 
rf  the  valleys.  The  clays  and  sands  of  these  recent  deposits  are  well 
exposed  along  Bear  River  in  the  northern  part-  of  Cache  Valley.  The 
farther  consideration  of  these*  lake*  basins  will  have  to  be  left  for  a  sub- 
lequent  chapter. 

From  the  Malade  Valley  our  course  was  southward  along  the  western 
ysufe  of  the  Wahsatch  Range  to  Ogden,  at  which  point  the  party  was 
lisbanded  for  the  sea-son. 

The  party  was  in  the  field  one  hundred  and  twenty -two  days,  during 
phich  time  seventy-two  camps  were  made,  and  over  thirteen  hundred 
miles  traveled  by  the  pack-train.  The  amount  of  traveling  done  by 
the  scientific  corps  is  very  much  larger,  being  generally  from  two  to 

*Ri-port  l'.  S.  Geol.  Survey  for  1*71,  1*72,  p.  20. 
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three  times  as  much.    The  total  number  of  stations  made  was  346,  and 
the  area  surveyed,  as  already  stated,  was  13,000  square  miles. 

In  this  chapter  I  have  endeavored  to  give  a  general  idea  of  the  dis- 
trict, and  in  the  succeeding  ones  will  present  the  details  obtained,  and 
conclude  with  the  special  consideration  of  the  geological  formations 
noted  as  occurring  in  the  district. 

From  the  fact  that  the  area  examined  was  so  large  the  results  are 
somewhat  incomplete  in  detail,  the  general  features  claiming  attention 
first.  The  plan  of  working  with  the  topographer  from  the  high  stations 
from  which  extensive  views  of  the  country  are  obtained,  audof  general 
king  from  these  stations  the  more  detailed  data  obtained  along  the  line 
of  march,  and  using  the  topographical  locations,  insures  greater  accu- 
racy and  rapidity  in  the  work  than  could  be  obtained  were  the  geologist 
to  devote  his  time  to  detailed  work  in  the  ravines  and  gulches,  especially 
in  a  country  of  which  there  are  no  existing  maps  that  are  sufficiently 
correct  to  delineate  the  geology.  The  nature  of  the  country  also  facili 
tates  this  mode  of  working,  as  it  is  generally  bare  of  dense  timber,  tW 
vegetation  being  scanty  and  erosion  having  so  exposed  the  rocks  that 
the  conditions  of  the  strata  are  easily  seen,  and  the  geological  structure 
of  the  country  for  many  miles  around  the  station  readily  recognized. 

The  geological  map  is  therefore  colored  with  a  considerable  degree  of 
accuracy,  although  much  may  be  left  for  future  investigation  in  the  way 
of  detail,  as  the  geologist  is  necessarily  unable  to  visit  every  point  in 
his  district,  notwithstanding  the  fact  that  he  has  overlooked  his  entire 
area  from  the  stations. 


CHAPTER    III. 


DESCRIPTIVE  GEOLOGY— GREEN  RIVER  DRAINAGE  AREA. 

$KEEN  RIVER  BASIN — WIND  RIVER  MOUNTAINS — OYSTER  RIDGE — HAM'S 
.  FORK  BASIN — HAM'S  FOBK  PLATEAU — ABSAROKA  RIDGE — MERIDIAN 
, .  REDGE— FONTENELLE  HOGBACKS — MERIDIONAL  VALLEY — WYOMING 
: .  RANGE. 

The  present  chapter  will  be  devoted  to  the  description  of  the  Green 
River  Basin,  or  rather  to  that  portion  of  it  which  falls  within  the  limits 
of  ,our  district,  t.  e.,  the  northern  and  western  portion,  and  the  western 
boundaries.  So  uniform,  however,  are  the  conditions  of  the  geological 
strata  and  the  structure  of  the  basin,  that  the  description  of  one  part 
naturally  gives  a  good  idea  of  the  whole. 

GREEN  RIVER  BASIN. 

The  Green  River  Basin  is  an  elevated  plain,  or  plateau,  extending 
northward  from  the  Uintah  Mountains  to  the  Wind  River  and  Gros  Ventre 
Ranges,  and  reaching  eastward  from  the  others  of  the  Wahsatch  system 
until  it  becomes  merged  in  the  Laramie  plains,  which  extend  westward 
from  the  uplifts  of  the  Rocky  Mountain  system.  Thus  we  see  tha£  the 
northern,  southern,  and  western  boundaries  are  well  defined,  while  on 
the  east  an  arbitrary  line  must  be  assumed.  That  portion  of  the  basin 
lying  within  our  district  extends  southward  to  about  the  latitude  ot  the 
mouth  of  the  Big  Sandy  and  north  to  that  of  the  mouth  of  Lead  Creek. 
The  eastern  line  is  approximately  the  Big  Sandy  River  and  on  the  west 
the  Absaroka  Ridges  and  the  Wyoming  Mountains.  With  the  Ham's 
Fork  Basin  it  includes  an  area  of  more  than  5,200  square  miles. 

The  elevation  of  the  basin  is  from  6,000  feet  to  7,000  feet.  The  general 
level  between  the  Big  Sandy  and  the  Green  is  about  6,500  feet,  and  this 
is  very  uniform,  although  the  surface  is  considerably  eroded  in  places. 
The  streams  are  generally  in  canons  or  canon -valleys  a  couple  of  hundred 
feet  below  the  general  level.  On  the  west  the  country  rises  somewhat 
as  the  mountains  are  approached,  and  the  same  is  true  as  we  approach 
the  Wind  River  Mountains.  Geologically  considered,  the  basin  is  Ter- 
tiary, the  Green  River  Group  prevailing.  In  the  centre  of  the  basin 
the  strata  appear  to  be  horizontal,  but  as  the  edges  are  approached  the 
beds  are  seen  inclining  towards  the  central  part  of  the  basin,  showing 
that  an  elevation  took  place  after  the  deposition  of  the  Tertiary  beds 
that  now  form  an  undisturbed  succession  in  the  centre  of  this  ancient 
Lake  Basin. 

The  accompanying  illustration  gives  a  good  general  idea  of  the  ap- 
pearance of  the  basin,  showing  especially  the  effects  of  erosion,  which 
are  more  marked  towards  the  south.  Between  the  Big  Sandy  and  Green 
River  the  surface  is  much  more  level,  as  we  have  already  said.  Early 
in  the  summer,  when  the  surrounding  mountains  are  still  snow-covered, 
the  scenery  possesses  great  beauty.  Dr.  Hayden,  speaking  of  the  Wind 
River  Mountains  as  seen  from  the  Big  Sandy,  in  1870,  says:*  "As  the 

•Report  U.  8.  Gteol.  Surv.  Terr.,  1870.  1871,  p.  4t>. 
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three  times  as  much.  The  total  number  of  stations  made  was  346,  and 
the  area  surveyed,  as  already  stated,  was  13,000  square  miles- 

In  this  chapter  I  have  endeavored  to  give  a  general  idea  of  the  dis- 
trict, and  in  the  succeeding  ones  will  present  the  details  obtained,  and 
conclude  with  the  special  consideration  of  the  geological  formations 
noted  as  occurring  in  the  district 

From  the  fact  that  the  area  examined  was  so  large  the  results  are 
somewhat  incomplete  in  detail,  the  general  features  claiming  attention 
first.  The  plan  of  working  with  the  topographer  from  the  high  stations 
from  which  extensive  views  of  the  country  are  obtained,  and  of  general- 
izing from  these  stations  the  more  detailed  data  obtained  along  the  line 
of  march,  and  using  the  topographical  locations,  insures  greater  accu- 
racy and  rapidity  in  the  work  than  could  be  obtained  were  the  geologist 
to  devote  his  time  to  detailed  work  in  the  ravines  and  gulches,  especially 
in  a  country  of  which  there  are  no  existing  maps  that  are  sufficiently 
correct  to  delineate  the  geology.  The  nature  of  the  country. also  facili- 
tates this  mode  of  working,  as  it  is  generally  bare  of  dense  timber,  thf 
vegetation  being  scanty  ana  erosion  having  so  exposed  the  rocks  that 
the  conditions  of  the  strata  are  easily  seen,  and  the  geological  struetnit 
of  the  country  for  many  miles  around  the  station  readily  recognised. 

The  geological  map  is  therefore  colored  with  a  considerable  degree  of 
accuracy,  although  much  may  be  left  for  future  investigation  in  the  way 
of  detail;  as  the  geologist  is  necessarily  unable  to  visit  every  point  in 
his  district,  notwithstanding  the  fact  that  he  has  overlooked  his  entire 
area  from  the  stations. 


CHAPTER    III. 


DESCRIPTIVE  GEOLOGY— GREEN  RIVER  DRAINAGE  AREA. 

GBEJEN  RIVER  BASIN — WIND  RIVER  MOUNTAINS — OYSTER  RIDGE — HAM'S 
'.  FORK  BASIN — HAM'S  FORK  PLATEAU — ABSAROKA  RIDGE — MERIDIAN 
, .  RIDGE— FONTENELLE  HOGBACKS — MERIDIONAL  VALLEY — WYOMING 
: .  RANGE. 

The  present  chapter  will  be  devoted  to  the  description  of  the  Green 
ifciver  Basin,  or  rather  to  that  portion  of  it  which  falls  within  the  limits 
of  our  district,  i.  <?.,  the  northern  and  western  portion,  and  the  western 
boundaries.  So  uniform,  however,  are  the  conditions  of  the  geological 
strata  and  the  structure  of  the  basin,  that  the  description  of  one  part 
naturally  gives  a  good  idea  of  the  whole. 

GREEN  RIVER  BASIN. 

The  Green  River  Basin  is  an  elevated  plain,  or  plateau,  extending 
northward  from  the  Uintah  Mountains  to  the  Wind  River  and  Gros  Ventre 
Ranges,  and  reaching  eastward  from  the  others  of  the  Wahsatch  system 
until  it  becomes  merged  in  the  Laramie  plains,  which  extend  westward 
from  the  uplifts  of  the  Rocky  Mountain  system.  Thus  we  see  tha£  the 
northern,  southern,  and  western  boundaries  are  well  defined,  while  on 
the  east  an  arbitrary  line  must  be  assumed.  That  portion  of  the  basin 
lying  Within  our  district  extends  southward  to  about  the  latitude  ot  the 
mouth  of  the  Big  Sandy  and  north  to  that  of  the  mouth  of  Lead  Creek. 
The  eastern  line  is  approximately  the  Big  Sandy  River  and  on  the  west 
the  Absaroka  Ridges  and  the  Wyoming  Mountains.  With  the  Hani's 
Fork  Basin  it  includes  an  area  of  more  than  5,200  square  miles. 

The  elevation  of  the  basin  is  from  6,000  feet  to  7,000  feet.  The  general 
level  between  the  Big  Sandy  and  the  Green  is  about  0,500  feet,  and  tliis 
is  very  uniform,  although  the  surface  is  considerably  eroded  in  places. 
The  streams  are  generally  in  canons  or  canon-valleys  a  couple  of  hundred 
feet  below  the  general  level.  On  the  west  the  country  rises  somewhat 
as  the  mountains  are  approached,  and  the  same  is  true  as  we  approach 
the  Wind  River  Mountains.  Geologically  considered,  the  basin  is  Ter- 
tiary, the  Green  River  Group  prevailing.  In  the  centre  of  the  basin 
the  strata  appear  to  be  horizontal,  but  as  the  edges  are  approached  the 
beds  are  seen  inclining  towards  the  central  part  of  the  basin,  showing 
that  an  elevation  took  place  after  the  deposition  of  the  Tertiary  beds 
that  now  form  an  undisturbed  succession  in  the  centre  of  this  ancient 
Lake  Basin. 

The  accompanying  illustration  gives  a  good  general  idea  of  the  ap- 
pearance of  the  basin,  showing  especially  the  effects  of  erosion,  which 
are  more  marked  towards  the  south.  Between  the  Big  Sandy  and  Green 
River  the  surface  is  much  more  level,  as  we  have  already  said.  Early 
in  llie  summer,  when  the  surrounding  mountains  are  still  snow-covered, 
the  scenery  possesses  great  beauty.  Dr.  Hayden,  speaking  of  the  Wind 
River  Mountains  as  seen  from  the  Big  Sanely,  in  1870,  says:*  "As  the 

•  Report  U.  S.  Geol.  Surv.  Terr.,  1870.  1871,  p.  46. 
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morning  sun  dnuoi  them  and  scattered  the  mist  and  smoke  from  their 
sun  unit «,  tber  seemed  not  fiir  distant,  and  loomed  np  along  the  horizon 
with  a  sharp,  clear  outline  that  rendered  the  view  most  grand  and  im- 
posing. Fremont's  and  Snow  l*eaks  were  clearly tletim.ii.and  the  scries 
of  sharp  peaks  that  project  from  the  main  ridge  seemed  to  diminish  in 
height  far  toward  the  sources  of  Green  River.  In  no  country  in  the 
world,  it  seems  to  me,  can  such  a  comprehensive  view  be  presented  to 
the  eye  at  a  glance  as  at  this  point,  where  it  can  take  in  one  of  the  loft- 
iest of  the  ranges  wliieh  form  the  main  chain  of  the  Rocky  Mountains, 
stretching  alon*  the  horizon  for  ut  least  one  hundred. and  fifty  miles." 
Fremont,  in  his  report,  speaks  in  glowing  terms  of  the  Wind  River  Mount 
aius.  and  ciuiipares  the  scenery  to  the  finest  in  EnrO]>e. 

WIND  RtVKli   MOrwTAlNS. 

The  Wind  River  .Mountains  properly  fall  within  tin*  district  assigned 
the  Sweetwater  Division,  and  Trill  lie  fully  treated  of  in  Dr.  HndlichS 
report.  Still,  as  our  division  skirted  the  western  fooihills  of  the  mount 
ains,  there  are  several  points  that  ought  to  he  referred  to  here. 

1'rofessor  t '.mistoek,  on  his  geological  map,  has  colored  a  series  of 
formations  from  the  Potsdam  sandstone  to  the  Carboniferous,  (Coal 
Measures)  inclusive,  as  outcropping  on  the  west,  side  of  the  mountain** 
between  the  head  of  the  Big  Sandy  and  Union  I'ass.  As  our  party 
skirted  the  edge  of  the  mountains  as  far  north  as  the  heads  of  the  New 
Forks  of  the  flreeu,  we  are  prepared  to  say  that  in  this  distant ■•-  BM 
Wahsuteh  Group  of  the  Tertiary  is  sujierim]iosed  to  the  granite,  the 
juwtion  being  frequently  eoncealed  by  moraines.  These  hitter  will  bp 
described  by  Dr.  Kndlich.  who  traced  them  from  the  mountains  to  tin 
basin.  Outside  of  the  foothills  there  are  several  granitic  battel,  Rtt 
mont's  la'iug  the  largest,  which  seem  to  have  risen  aliovo  the  lake  h* 
inlands. 

The  fact  that  the  older  formations  do  not  outcrop  on  the  south  vent  Of 
west  side  of  the  mountains  was  noted  by  Dr.  llayden  in  187(k  In  tin- 
report  for  that  year  he  says:  "1  could  not  ascertain  that  any  of  tin1 
older  sedimentary  rocks  are  exposed  along  the  western  side  of  tlii* 
range,  from  the  South  I'ass  to  the  souives  of  (Jreen  River.  Ridges  of 
the  Lower  Miocene  Tertiary  strata  along  the  western  limit  of  the  meU 
niorphie  rocks  form  an  unmistakable  shore-line  of  the  ancient  lute. 
Between  this  shore-line  and  the  foothills  of  the  mountains  is*  a  In-lt  of 
mctamorphie  slates  and  gueiss,  covered  here  and  there  with  i'liotW"* 
marls."  Our  investigations  eon  firm  the  absence  of  the  older  sediment^ 
rocks.  The  I'lioeene  marls  referred  to  do  not  extend  as  far  as  OUT* 
trict.     Dr.  l-mdlich  will  treat  of  their  occurrence  near  Smith  Pass. 

The  shore-line  of  the  ancient  lake  \i  as  undoubtedly  granitir,  as  is  shown 
by  the  eharaeter  of  the  deposits,  The  older  formations  probably  QWH 
ill  the  central  portions  of  the  basin,  where  they  are  concealed  bjft* 
Terttarj  strata.  The  Wind  River  Range  belongs  to  the  same  system  a* 
the  Front  Range  of  Colorado,  ami  probably  like  it  stood  alx.vc  fl* 
level  of  the  water  in  very  early  time.  I  have  in  other  places  iiidiriiled 
uiy  belief  that  the  Rocky  Mountains  of  Colorado  were  affected  \<y  * 
subsidence  extending  through  n  long  period  of  time,  and  I  think  it  pM* 
able  that  the  Wind  River  Range  partook  of  the  same  movement,  m"1 
that  its  present  elevation  is  due  to  an  elevation  in  Post  t'retaeeons  liiw1- 
Dr.  llayden  was  inclined  to  consider  the  Sweetwater  Valley  an  exteiiRH')1 
to  the  east  or  southeast  of  the  axia  of  the  Wind  River  Range.    If  so,'1 
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marks  the  connection  with  the  ranges  of  Colorado  and  Eastern  Wyo- 
ming. The  further  discussion  of  this  question  will  have  to  be  reserved 
for  a  subsequent  portion  of  the  report. 


DRAINAGE. 

The  main  stream  by  which  the  Green  River  Basin  is  drained  is  the 
stream  from  which  it  takes  it  name.  In  considering  the  drainage,  I  shall 
take  up  the  eastern  branches  of  Green  River  first,  and  give  the  general 
geological  notes  obtained  while  following  the  streams,  feaving  the  topo- 
graphical details  to  be  given  in  Mr.  Gannett's  report. 

Big  Sandy. — The  Big  Sandy  River  joins  the  Green  near  our  south- 
eastern comer  and  forms  approximately  the  eastern  line  of  our  district. 
On  the  east  side,  in  the  angle  between  it  and  Green  River,  the  beds  are 
variegated  sands  and  marls,  generally  of  gray  and  dull  reddish  colors. 
These  beds  form  bluffs  on  the  Green  a  short  distance  below  the  moutli 
of  the  Big  Sandy,  and  were  referred  doubtfidly  to  the  Bridger  Group. 

They  appear  to  l>e  mainly  arenaceous  and  argillaceous,  and  may  repre- 
sent the  base  of  the  Bridger  Group,  although  the  ]K>int  is  hard  todeter- 

•  mine,  as  the  line  between  the  Green  River  Group  and  the  Bridger  Group 
is  somewhat  indefinite.  Professor  Co]>e  considered  them  of  1  Iridger  age.* 
and  they  are  also  so  colored  on  the  map  of  the  fortieth  parallel  sur- 
vey, t    These  beds  extend  northward  and  eastward,  and  contain  frag - 

■  meuts  of  vertebrate  remains.  We  travelled  northward  on  the  west  side 
of  the  Big  Sandy,  and  the  area  extending  westward  I  have  colored  on 
the  map  as  occupied  by  the  Green  River  Group.    The  exposures  on  the 

'.  east  side  of  the  Green  at  the  mouth  of  Fontenelle  Creek  and  northward  in  - 
dicate  tins  to  be  the  surface  formation.    Toward  the  south,  and  esi>ecially 

•  in  the  angle  between  the  Green  and  Big  Sandy,  there  may  l>e  remnants 
of  the  Bridger  beds.  This  region  affords  but  few  outcrops,  and  is  mainly 
a  desert-like  sage-covered  plateau.  Desolate  and  barren  as  it  ap]M»ars. 
if  it  coidd  be  irrigated  it  would  doubtless  produce  all  the  crops  permitted 

i   by  the  altitude,  for  its  soil  contains  more  numerous  elements  of  fertility 

■  than  many  regions  of  the  West  that  have  been  found  to  be  highly  pro- 
ductive. The  country  is  not  to  be  condemned  because  it  has  the  appear- 
ance of  a  desert  waste,  and  produces  oidy  cactus  and  sage  brush  pro- 
ducts which  afford  but  little  indication  of  the  character  of  the  soil.  A 
number  of  desert  localities,  Salt  Lake  Valley  particularly,  have  afforded 

•  proof  of  the  fertility  of  what  was  at  first  considered  barren  land.  This 
area,  extending  westward  to  the  Green  from  the  Big  Sandy,  is  a  broad, 

:  almost  unbroken  expanse,  on  which  there  is  a  considerable  growth  of 
grass  scattered  among  the  sage.  The  area  is  covered  also  partly  by 
drift,  which  conceals  the  the  strata. 

At  the  mouth  of  the  Little  Sandy  the  following  section  was  obtained: 

Section  Xo.  1. 


Top. 

1.  Brownish  gray,  rather  coarse  sandstone,  with  pebbly  layers,  containing 

fragments  of  tthark3*  teeth  and  (ionhbaaw  tenera,  I lull 

2.  Coarse,  yellowish  sandstone » 

3.  Indurated,  argillaeeous  shales,  with  fragments  of  broken  wood  and  shark's 

teeth 

•Report  of  r.  H.  (ieol.  Survey  for  1H73,  1*74,  p.  4W. 
t  Atlas  map  11,  (Jreen  Kiver  Basin. 
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These  beds  I  have  referred  to  the  Green  River  Group.  They  are  ex-_ 
posed  on  the  right  bank  of  the  Big  Sandy,  just  above  the  month  of  the 
Little  Sandy.  The  course  of  the  Big  Sandy  from  this  point  to  the  Green 
is  south  and  southwest.  It  is  in  a  low  cation  without  bottom-land  or 
groves,  and  is  a  shallow,  rather  sluggish  stream,  with  a  sandy  bottom. 
The  rocks  between  the  Big  and  Little  Sandy  are  probably  the  same  as 
those  given  in  the  section  above.  Farther  east,  however;  there  are 
higher  beds  which  form  high  table-like  buttes,  resembling  Pilot  Butte, 
that  forms  so  prominent  a  landmark  farther  south. 

As  we  approach  the  mountains  the  valley  of  the  Big  Sandy  improve* 
somewhat.  It  is  wider  and  has  better  grass,  but  the  surrounding  country 
is  still  sage-covered  and  monotonous.  Variegated  beds  are  seen  resting 
on  the  granite.    The  following  is  a  section  made  between  camps  4  and  5: 

Section  Xo.  2. 
Base. 

1.  Greenish  gray  and  pinkish  arenaceous  bod-land  bod* 100  feet 

2.  Yellowish  maris?  and  sands flOO— 300  feet 

3.  White  sandstones,  shales  and  marls?  with  variegated  argilla- 

ceous and  arenaceous  beds  at  the  top.    These  wore  noted  from 

a  distance f 


300 -f— 400+ feet 


The  strata  incline  about  Ave  degrees  from  the  mountains  and  are  prob- 
ably of  the  Wahsatch  Group,  although  the  upper  layers  resemble  the 
lower  beds  of  the  Green  River  Group.  These  Wahsatch  sands  rest  di- 
rectly on  granitic  rocks,  as  already  stated.  The  sources  of  the  Big  Sandy 
are  in  the  district  surveyed  by  the  Sweetwater  division,  and  will  be 
found  described  in  Dr.  Endlich's  report 

New  Fork  of  Green  River.— On  the  southwestern  slopes  of  the  Wind 
River  Mountains  and  in  the  adjacent  foot-hills  a  number  of  beautiral 
clear  streams  have  their  sources.  These  streams  are  all  swift  and  oh 
structed  by  bowlders.  Along  their  courses  are  abundant  evidences  of 
glacial  action,  and  long  moraines  extend  from  the  mountains  bordering 
them  as  far  as  the  edge  of  the  basin.  Glacial  lakes  also  are  numerous. 
The  creeks  after  emerging  from  the  foot-hills  form  the  New  Fork  of 
Green  River  before  joining  the  main  stream.  Our  work  during  the 
season  did  not  extend  into  the  foot-hills,  so  that  the  description  of  the 
moraines  and  other  glacial  phenomena  will  have  to  be  reserved  for  an- 
other report.  The  region  through  which  the  branches  of  the  New  Fork 
flow  may  be  described  as  a  "  bad-land"  country.  This  is  owing  to  the  feet 
that  the  rocks  are  mainly  of  Wahsatch  age,  especially  those  close  to  the 
mountains.  As  we  leave  the  hills,  cappings  of  Green  River  shales  ap- 
pear. There  is  good  grass  throughout,  and  antelope  were  abundttt 
when  we  went  through  the  country  in  June.  Some  of  the  valleys  aie 
broad  and  well  suited  for  agricultural  purposes,  were  it  not  for  the  great 
elevation.  Willows  are  found  along  the  streams,  but  timber  is  scarce 
outside  of  the  foot-hills.  The  stream  bottoms  are  very  marshy  and  the 
creeks  obstructed  by  beaver-dams.  The  northern  rim  of  the  Greet 
River  Basin  is  beyond  the  limits  of  our  district  and  will  be  the  field  fit 
investigation  in  1878,  and  to  the  report  for  that  year,  when  published, 
the  reader  will  have  to  refer  for  additional  information  in  regard  to  the 
sounds  of  the  New  Fork  of  Green  River. 

Qrcen  River. — Green  River  has  a  length  of  about  110  miles  in  our  dis- 
trict. In  the  northern  portion  of  the  basin  beyond  our  district  the  rocks 
are  of  Wahsatch  age  along  the  course  of  the  river.  Below  the  month 
of  Lead  Creek,  Green  River  beds  are  seen  capping  mesa-like  buttes.    As 
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far  as  Labarge  Creek,  however,  the  Wahsatch  Group  forms  the  largest 
part  of  the  surface  west  of  Green  River.  There  is  a  dip  to  the  eastward, 
so  that  on  the  east  side  of  the  Green  the  Green  River  beds  form  the  top 
of  the  bluffs.  The  Wahsatch  beds  disappear  a  short  distance  below  the 
mouth  of  Labarge  Creek  and  from  that  point  southward  the  canon  is 
in  the  Green  River  beds.  This  is  due  to  the  fact  that  the  beds  incline 
slightly  to  the  southward  and  eastward,  and  the  direction  of  the  Green 
is  also  in  general  towards  the  southeast  in  this  portion  of  its  course. 
North  of  the  Fonteuelle  the  general  course  of  the  Green  is  south.  There 
are  two  deviations  from  this;  one  is  to  the  eastward  in  the  valley  where 
it  is  joined  by  Horse  Creek,  and  the  other  is  a  bend  to  the  westward, 
above  the  mouth  of  White  Clay  Creek.  On  the  east,  bluffs  extend 
along  the  entire  course  of  the  river,  but  the  western  wall  is  broken  down 
wherever  a  stream  enters.  The  valley  bordering  the  river  is  always 
narrow  and  generally  canon -like.  Its  agricultural  capacity  will  be  fully 
discussed  by  Mr.  Gannett  in  his  report. 

The  streams  coming  into  the  Green  from  the  west,  commencing  at  the 
north,  are  as  follows :  Lead  Creek,  Horse  Creek,  Marsh  Ckeek.  White 
Clay  Creek,  Bitterroot  Creek,  Piney  Creek,  Feather  CreA,  iflfairgc 
Creek,  Fontenelle  Creek?  Slate  Creek,  and  Ham's  Fork,  i  shalF&ke 
th6se  ijp  in  the  order  given  above,  reserving  the  description  ct  Their 
sources  until  I  consider  separately  the  ranges  in  which  they  rise. 

Lead  Creel'. — Only  the  mouth  of  this  stream  falls  within  the  limits  of 
our  district.  North  of  this  creek  the  country  appears  to  be  well  grassed, 
and  when  we  were  in  there  was  fall  of  antelope.  Between  Lead  Creek 
and  Green  River  is  a  butte  about  400  feet  high.  Yellow  sandstones 
outcrop  low  down  in  this  butte  and  on  the  edge  of  Green  River,  but 
whether  they  are  of  the  Green  River  Group  or  Wahsatch  it  is  almost 
imj>ossible  to  say.  A  little  farther  south  the  character  of  the  Wahsatch 
beds  appears  to  resemble  that  of  the  lower  part  of  the  Green  River 
Group.  On  the  map  1  have  colored  the  Green  River  Group  as  capping 
the  summit  of  the  butte  on  which  Station  12  is  located.  It,  however, 
extends  westward  but  a  short  distance,  the  Wahsatch  beds  soon  forming 
the  surface  and  rising  on  the  hills  that  lie  to  the  eastward  of  the  Wyom- 
ing Range.  The  country  between  Lead  Creek  and  Horse  Creek  is  com* 
paratively  ilat,  with  a  slight  slope  from  the  hills  toward  the  east. 

Horse  Creek. — This  stream  does  not  extend  into  the  Wyoming  Range, 
l>ut  has  its  origin  among  the  high  hills  that  lie  to  the  eastward  of  its 
northern  end.    These  hills  are  composed  mainly  of  greenish  and  yellow 
sandstones  that  are  of  probable  Laramie  age,  and  on  these  beds  rest  un- 
eonformably  the  variegated  conglomerates  and  sands  of  the  Wahsatch. 
Between  the  hills  and  the  mountains  is  a  rough-like  depression,  from 
\rhich  on  the  west  rises  the  bluff  face  of  the  Wyoming  Range.    Horse 
Creek  is  formed  by  two  principal  branches,  to  the  southern  of  which  we 
gave  the  name  of  Lynx  Creek.    Both  streams  have  very  straight  eastern 
courses,  and  until  they  reach  the  Green  River  Basin  proper  are  in  canon. 
These  canons  are  cut  across  a  series  of  folds  in  the  Laramie  (1 )  sandstones 
and  underlying  beds.    One  of  our  stations,  No.  50,  was  between  the  forks 
of  Lynx  Creek.    It  was  on  one  of  the  several  buttes  that  are  capped 
vrith  a  conglomerate  considered  to  be  a  part  of  the  Wahsatch  Group. 
This  conglomerate  is  comi>osed  of  rather  line  quartz,  the  pebbles  and 
larger  masses  of  limestone,  the  latter  containing  traces  of  Carbonifer- 
ous ( ?)  fossils.    The  pebbles  are  angular,  and  were  evidently  derived 
from  the  range  that  rises  to  the  westward.    The  inclination  of  the  beds 
is  to  the  eastward,  and  on  some  of  the  neighboring  buttes  the  angle  is 
as  high  as  20°.    The  sandstones  on  which  these  conglomerates  rest,  dip 
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slightly  toward  tbe  west,  the  dip  increasing  somewhat  near  the  range- 
Soon  after  crossing  the  western  rim  of  the  Green  Eiver  Basin  the  twc 
branches  unite,  and  a  few  miles  below  are  joined  by  a  small  branch  com 
ing  from  the  north,  when  a  more  southerly  direction  is  assumed,  and  th« 
tTeek  flows  out  into  a  broad  valley,  in  which  it  is  side  by  side  with  tlm 
Green,  and  finally,  to  use  an  anatomical  tewn  which  exactly  descril>es 
it,  joins  the  latter  by  anastomosis.    There  are  at  least  live  islands  formet. 
by  the  two  streams  in  the  lower  end  of  the  broad  valley.    This  valley 
forms  one  of  the  finest  meadow  areas  on  the  Green,  with  a  few  grove.* 
of  cottonwoods.    The  Green  enters  the  Valley  flowing  south,  and  nea 
the  southern  end  turns  abruptly  eastward,  leaving  it  to  flow  southward 
into  a  canon-like  valley  that  extends  to  the  mouth  of  Pincy  Creek.    Eassa 
of  Green  River  are  low  bluffs  of  variegated  Wahsatch  IkmIs,  and  farthe** 
back  high  terraces  or  remnants  of  terraces  api>ear  cap]>ed  by  the  whitr 
lieds  of  the  Green  River  Group.     Horse  Creek  hugs  the  bluffs  on  rh^ 
west  side  of  the  valley,  and  between  the  creek  and  Marsh  Creek  ;*  * 
area  of  Green  River  beds  extends  westward  toward  the  hills.    Xcait^j 
Green  River,  however,  the  surface  is  much  eroded,  and  all  that  reiuait  jj* 
of  the  Green  River  Group  is  to  be  seen  as  cappings  of  a  few  isolated 
buttes.    The  gray,  greenish,  and  red  marls  and  sands  of  the  WahsatWi 
are  the  prevailing  rocks.    These  are  eroded  into  rounded  hills  covered 
with  loose  drift  in  places  composed  of  pebbles  of  quartzite,  reddish  sand- 
stones, and  occasionally  fragments  of  limestones,  all  evidently  derived 
from  the  surrounding  mountains,  esi>ecially  those  to  the  west  and  north. 

Station  13  is  located  about  tt  miles  south  of  Horse  Creek  and  a  little 
over  2  miles  west  of  Green  River.  The  summit  is  composed  of  a  thin 
layer  of  hard  white  limestone,  the  upper  surface  of  which  is  covered 
with  petrified  cases  of  caddis-flies  which  have  been  described  by  Prof. 
JS.  H.  Scudder.*  Below  the  limestone  is  a  gray  and  yellow  micaceous 
sandstone  loosely  aggregated.  Still  farther  down  are  soft  gray  and 
pink  beds  that  weather  into  badlands.  The  outcrop  is  about  1<X)  to  1-W 
feet.  The  country  between  Horse  Creek  and  "Marsh  (.'reek  is  a  u  bad-land" 
country  covered  with  sage-brush.  Along  the  small  creek  that  occupies 
the  depression  between  Horse  Creek  and  Marsh  Creek  there  are  numer- 
ous alkali  flats. 

Marsh  Creek  is  one  of  the  largest  of  the  western  brandies  of  the  Green. 
and  is  formed  by  two  streams  of  about  equal  importance.  The  northern, 
to  which  the  name  Marsh  Creek  has  been  applied,  collects  its  water  from 
the  Meridional  Valley  between  the  mountains  and  the  line  of  uplift 
that  forms  the  western  rim  of  the  basin.  The  Southern  Branch  rises 
among  the  Carboniferous  limestones  of  the  Wyoming  Hange  and  cuts 
across  the  Meridional  Valley,  receiving  a  branch  from  the  south,  and 
with  an  easterly  course  flows  out  into  the  basin  through  a  canon  cut  in 
an  anticlinal  of  Jurassic?  limestones.  On  these  limestones  the  varie- 
gated Wahsatch  beds  are  seen  dipping  uuconformably  to  the  eastward. 
This  creek  has  been  named  Lander  Creek.  It  joins  the  main  stream 
about  12  'miles  from  the  rim  formed  by  meridian  fold,  and  from  tl.i> 
point  to  the  Green,  Marsh  (.-reek  is  in  abroad  valley  lined  with  willows. 
All  the  streams  in  the  basin  are  conspicuous  for  their  want  of  timl»er. 
Between  .Marsh  Creek  and  the  Bitterroot,  "bad-lands*  prevail.  On  the 
eastern  slope  of  the  basin  rim  White  Clay  Creek  rises  and  flows  parallel 
to  Marsh  Creek,  only  a  mile  or  two  miles  from  it.  Instead  of  cut  tin  r 
aeross  to  the  (liven  as  Marsh  (/reek  does,  it  turns  abruptly  south  wan* 
through  a  depression  to  join  the  river  near  the  mouth  of  Bittern*0* 

•'*  Jitillctiii  l'.  S.  <;t*nl.  Surv.,  vol.  iv,  No.  %  ]>.  54:i. 
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ek.    Station  14  is  located  on  a  bntte  north  of  the  angle.    The  fol- 
ing  is  the  section  at  that  point: 

Section  No.  3. 
op* 

reenish-gray  argillaceous  sands  with  bands  of  yellow  sandstones.  Near^ 
the  top  is  a  hand  of  limestones.  At  the  bottom  are  (Irak-gray  sand-  I 
atones,  weathering  into  rounded  masses  that  lie  scattered  about,  re-  \  200  feet. 

Mmbling  grindstones [ 

reenish-gray  and  pink  marls  t J 

nil  brick-red  sands  and  clays  with  gray  sandstones 40  feet. 

240  feet. 

he  thickness  of  these  beds  was  measured  with  an  aneroid  barometer. 

upper  sandstones  I  have  colored  as  belonging  to  the  Green  Eiver 
<up,  and  the  lower  beds  as  the  upper  part  of  the  Wahsatch.  They 
ther  into  characteristic  bad-land  buttes.  To  the  westward,  I  think, 
Green  Eiver  beds  are  in  place,  and,  as  seen  from  the  basin  rim,  pre- 
i  a  bluff  edge  facing  the  rim.  Between  White  Clay  Creek  and  the 
ierroot  there  appears  to  be  a  dip  to  the  northeast  or  north,  probably 
account  of  the  Carboniferous  islands  on  Feather  Creek.  Between 
ite  Clay  and  the  Green  the  country  is  mesa-like,  capped  with  Green 
er  sandstones.  This  is  the  result  of  a  northern  dip  near  the  mouth 
lie  Piney.  In  the  canon-like  valley  east  of  this  mesa  the  Green  is 
ed  by  the  New  Fork,  which  seems  to  change  the  course  of  the  river 
lie  west,  so  that  it  comes  back  to  a  point  about  due  south  of  its  course 
>re  it  is  shoved  to  the  eastward  by  Horse  Creek.  This  will  be  more*. 
lily  understood  by  a  reference  to  the  map.  On  the  east  side  of  the 
en  below  the  mouth  of  the  New  Fork,  and  extending  up  the  latter 
am,  are  high  bluffs  capped  with  Green  Biver  shales  with  bad-land 
9  beneath.  The  capping  beds  form  the  surface  extending  eastward 
ard  the  Big  Sandy.  On  the  west  the  bluffs  are  also  well  marked, 
ough  not  so  high.  Yellow  and  gray  sandstones  form  the  top,  with 
pink  and  red  beds  beneath.  As  the  Green  emerges  from  this  canon 
»  joined  by  White  Clay  Creek,  and  within  a  half  a  mile  below  by 
Bitterroot  and  the  Piney.    They  join  the  Green  in  a  wide  valley. 

White  Clay  is  a  thick,  white,  muddy,  alkaline  stream  in  which  the 
er  is  unfit  for  drinking. 

itterroot  Creek  is  a  good-sized  clear  stream  of  pure  water,  rising  in 
Wyoming  Bange,  and  the  Meridional  Valley,  so  frequently  referred  to. 
general  course  is  southeast  through  a  country  of  rather  uniform  level. 
th  of  the  stream  are  several  isolated  buttes  of  Green  Biver  beds. 
iney  Creek  drains  a  larger  area  of  country,  north  and  south,  than  any 
he  creeks  yet  described.  Its  branches  fan  out  in  the  country  ex- 
ling  northward  from  Thompson  Plateau  to  a  point  several  miles 
th  of  Wyoming  Peak.  The  branch  rising  in  the  country  adjacent 
oming  Peak  and  Mount  Darby  has  been  named  the  Lake  Branch, 
q  a  beautiful  lake,  about  a  mile  and  a  half  in  length,  that  lies  between 
mt  Darby  and  Wyoming  Peak.  The  Southern  Branch  heads  opposite 
sources  of  John  Day's  Biver.  There  is  a  smaller  Middle  Branch  ris- 
in  the  eastern  peaks  of  the  range.  All  the  branches  have  united 
me  good-sized  stream  at  a  point  about  12  miles  above  the  mouth, 
s  point  is  at  the  northeast  corner  of  a  well-marked  mesa  of  Green 
er  shales  and  sandstones.    This  mesa  extends  about  five  miles  to 

eastward,  and  is  a  remnant  showing  that  once  the  formation  ex- 
iled over  all  of  this  region.    From  Labarge  Creek  northward  erosion 
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lias  been  extensive,  the  Wyoming  Kange  probably  furnishing  a  great 
part  of  the  water  eausing  it.  Farther  south,  where  the  mountains  have 
diminished  to  hills,  the  covering  of  Green  Kiver  beds  still  remains. 
Another  reason  is  to  be  found  in  the  fact  that  the  greater  elevation  of 
the  beds  on  the  northern  portion  of  the  basin  has  exposed  them  more  to 
the  eroding  influences. 

From  the  junction  of  its  forming  branches  Piney  Creek  flows  almost 
due  east  to  the  Green.  It  splits  into  several  streams  near  the  river. 
The  valley  in  which  this  creek  and  the  Bitterroot  flow  side  by  side  is 
one  of  the  best  along  the  Green.  Its  elevation  is  about  6,800  feet,  being 
about  350  feet  lower  than  the  valley  at  the  mouth  of  Horse  Creek.  Sev- 
eral ranches  have  been  started  on  the  Pineys,  as  the  branching  mouth 
of  the  Piney  has  been  called.  The  old  Lander  cut-off  road,  which  crosses 
Green  Eiver  above  the  mouth  of  the  New  Fork,  crosses  the  country 
between  White  Clay  and  Piney  Creeks,  and  follows  up  the  latter  to 
Thompson's  Pass,  from  which  it  crosses  to  the  head  of  Labarge  Creek, 
and  thence  to  the  head  of  one  of  the  branches  of  Smith's  Fork  of  Bear 
Eiver. 

Feather  CreeJc. — Nine  or  ten  miles  below  the  mouth  of  the  Piney,  a 
small,  dry  creek  bed  is  crossed.  Followed  up,  this  creek  is  seen  to  spread 
out  feather-like  on  the  slopes  reaching  eastward  from  Thompson  Plateau. 
Hence  its  name.  The  upper  branches  contain  water  which  extends  some 
distance  down  the  main  creek.  It  has  two  main  stems  between  which 
is  a  V-shaped  mesa  of  Green  Eiver  beds.  West  of  this  mesa  is  a  hill 
of  Carboniferous  rocks  surrounded  by  Wahsatch  beds.  This  Carbonif- 
erous island  was  not  visited,  but  is  doubtless  similar  to  the  one  jnst 
south  of  it  known  as  Labarge  Mountain.  On  the  latter  two  stations 
were  made,  viz,  Nos.  19  and  20.  These  stations  are  located  on  a  long  hill 
or  mountain  that  forms  a  rather  prominent  landmark  as  we  come  down 
the  valley  of  the  Green.  It  is  about  5  miles  long,  and  composed  of  Car- 
boniferous limestones,  dipping  about  25°  to  north  73°  west.  The  trend 
•of  the  mountain  is  about  south  17°  west.  Station  19  was  located  at  the 
north  end,  and  Station  20  at  the  south  end.  The  outcrop  of  limestones 
to  the  cast  of  Station  19  is  about  400  or  450  feet  in  thickness.  The 
Tallcy  between  the  station,  and  the  mesa  is  about  1,200  feet  to  1,400 
feet  below  the  stations  and  GOO  to  800  feet  below  the  mesa  top.  The 
mesa  just  referred  to  is  a  mesa  extending  along  the  south  side  of 
Feather  Creek  toward  Green  Kiver.  This  mesa  is  capped  with  the 
lower  part,  (f )  of  the  Green  Kiver  Group,  and  slopes  at  an  angle  of 
5°  to  10°  from  Labarge  Mountain  toward  Green  Kiver.  The  gap 
between  the  mountain  and  the  mesa  was  not  visited  from  want  of  time, 
■but  should  be  examined  before  the  region  can  be  fully  described. 
It  is  probably  filled  with  Wahsatch  beds,  judging  from  what  could  be 
seen  from  the  summit  of  the  mountain.  If  the  latter  is  the  remnant 
((western  side)  of  an  anticlinal,  evidences  of  the  eastern  side  might  po»« 
sibly  be  found  appearing  in  places  above  the  Wahsatch  beds.  As  ft 
shows  now,  it  is  a  monoclinal  ridge  facing  the  east.  A  few  indistinct 
crinoidal  markings  were  observed  on  Station  19,  and  on  Station  20  some 
indistinct  corals,  Productust,  and  a  poor  Strophomeua.  East  of  Station  20 
near  .the  foot  of  the  mountain  is  an  outcrop  of  sandstones  and  quartzite^ 
but  their  relation  to  the  limestones  was  not  determined.  West  of  the 
mountain  is  the  main  stream  of  Feather  Creek,  which  flows  around  the 
north  end  of  the  mountain.  From  the  creek,  long  slopes  rise  gradual^ 
to  the  Thompson  Plateau.  These  slopes  are  smooth,  with  reddish  expo-* 
sures,  which  1  have  taken  to  be  outcrops  of  Wahsatch  and  have  K> 
•colored  on  the  map.    The  beds  appear  to  curve  around  the  southern 
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end  of  the  mountain,  but  as  the  region  on  Labarge  at  the  south  end  of 
Thompson  Plateau  was  not  visited;  I  cannot  be  certain  of  the  exact 
relations.  This  is  an  interesting  region  and  will  repay  the  geologist  who 
may  be  able  to  devote  time  to  its  detailed  study  and  investigation. 
From  Feather  Greek  south  to  Labarge  Creek  the  surface  rocks  are 
the  Wahsatch,  with  the  exception  of  the  mesa  on  the  south  side  of  the 
former  creek.  The  Wahsatch  variegated  beds  also  form  buttes  and 
mesas,  bright  red  colors  predominating.  As  we  approach  Labarge 
Creek  the  level  becomes  lower  and  more  uniform.  Here  there  is  a  dip 
to  the  southward  and  also  to  the  eastward,  so  that  on  the  west  side 
of  the  Green  below  Labarge  Creek,  the  blufls  are  composed  entirely 
of  Green  River  beds.  On  the  east,  however,  a  tongue  of  Wahsatch 
extends  a  short  distance  below  the  mouth  of  the  creek.  The  sandstones, 
however,  are  the  most  prominent  rock  and  are  well  exposed  in  the  bluff 
on  the  west.  In  the  lower  portion  of  these  sandstones  above  the  mouth 
of  the  Labarge,  on  the  east  side  of  the  Green,  as  well  as  on  Fontenelle 
Creek,  Professor  Cope,  in  1873,  found  "  numerous  remains  of  fishes  simi- 
lar to  those  of  Green  River  City,  with  insects  and  their  larv®,  shells 
like  Pupa  and  Cyrena,  and  millions  of  Cypris."*  The  Green  was  at  its 
highest  stage  when  we  followed  it,  and  it  was  found  to  be  impossible 
to  cross  to  the  east  side.  The  country  between  the  Labarge  and  Fon- 
tenelle is  pleateau  like,  with  a  gentile  inclination  eastward  as  we  ap- 
proach Meridian  Ridge.  Green  River  shales  and  sandstones  prevail, 
with,  perhaps,  Wahsatch  near  the  ridge.  The  latter  between  the  two 
streams  was  not  visited,  and  therefore  nothing  definite  can  be  predicated 
in  regard  to  it,  but  it  is  probably  composed  of  Jurassic  and  Carboniferous 
rocks.  On  the  Green  the  sandstones  of  the  Green  River  Group  have 
a  thickness  of  about  500  feet.  East  of  the  Fontenelle  this  thickness 
appears  somewhat  greater,  shales  forming  the  upper  part  of  the  beds. 
Ascending  Fontenelle  Creek  the  sandstones  descend  somewhat,  and  shaly 
beds  show  above.  As  we  approach  Meridian  Ridge  the  beds  rise  gently 
and  the  variegated  Wahsatch  beds  outcrop  beneath,  resting  on  the  east- 
ern slopes  of  the  ridge.  At  the  base  of  the  latter  beds,  near  the  canon, 
is  a  very  coarse  conglomerate,  and  above  are  bright  red,  loosely  aggre- 
gated sands.  The  shales  and  sands  of  the  Green  River  Group  above 
the  latter  are  much  thinner  than  on  the  Green,  as  we  would  naturally 
expect.  I  searched  for  fossil  remains  in  these  layers,  but  without  suc- 
cess. 

Labarge  Creek. — The  upper  portion  of  this  stream  is  mainly  in  Creta- 
ceous rocks  that  continue  northward  from  the  Fontenelle  Hogbacks  and 
will  be  described  hereafter.  It  enters  the  basin  through  the  canon  south 
of  Thompson  Plateau,  and  from  this  point  its  course  is  about  east,  while 
above  the  canon  it  is  south.  The  geology  of  this  portion  has  already  been 
given.  It  is  a  considerable  stream,  and  enters  the  Green  in  several 
branches  that  spread  over  a  wide  meadow. 

Fontenelle  Creek  was  named  after  one  of  the  early  fur  traders.  It  has 
its  sources  in  the  Absaroka  Ridges  opposite  those  of  Ham's  Fork.  Thence 
the  streams  flow  eastward  and  southward  across  and  through  the  Fon- 
tenelle Hogbacks  until  all  unite  in  one  main  stream  at  the  Meridian 
Ridge,  through  which  a  canon  some  900  feet  deep  is  cut  to  the  basin. 
Thence  the  stream  flows  eastward  through  a  plateau-like  region  to  the 
Green.  This  plateau  of  Green  River  beds  extends  southward  beyond 
Slate  Creek  and  disappears  beneath  the  Bridger  Group  north  of  Ham's 
Fork. 

Slate  Creek  rises  in  the  eastern  and  western  slopes  of  the  south  end  of 
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Meridian  Bidge.    It  is  a  small,  alkaline  stream*    Cutting  across  tf** 
ridge  in  a  comparatively  deep  caftan,  it  flows  to  the  eastward  near 
top  of  the  plateau  extending  southward  from  the  Fontenelle.    The 
face  here  is  rather  barren,  gravelly,  and  sage-covered,  even  along 
course  of  the  ereek.    To  the  soutii wakl  buttee  of  Bridger  beds,  dark  v 
and  blackish  in  color,  are  noted  from  Slate  Greek.    Tney  also  outcrop 
a  limited  extent  on  the  east  and  northeast  side  of  the  Green.    The 
below  the  Fontenelle  turns  from  its  southerly  course  to  flow  toward 
southeast    The  following  section  was  made  in  the  bluffs  between 
two  creeks: 

Section  No.  4. 
Top. 

5.  Yellowish  and  white  laminated  sandstones  with  a  few  bands  of  con- 
cretionary limestone  with  oolitic  streaks.  Very  irregular  layers  of 
sandstones  show  in  places ;  the  thickness  of  these  beds  is  about. ..  100  _ 

4.  Thin,  fissile,  white  shales  with  bands  of  sandstone lOOfe^t 

3.  Deep  yellow  sandstones  somewhat  massive 50  to  100  fe^.?. 

2.  Greenish  and  whitish  shales,  with  bands  of  sandstone 50  fomst. 

1.  Bather  massive  yellow  sandstones 200 


500  to  560  feet 

The  thicknesses  in  this  section  were  estimated.  The  lower  layer  (So. 
1)  often  thins  out,  and  the  sandstones  become  laminated.  They  appear 
to  l|e  just  above  the  variegated  beds.  From  the  mouth  of  Slate  Creek 
down,  the  river  bottom  on  the  Green  is  broad,  and  covered  with  good 
grass,  and  cotton  wood  groves.  On  the  terraces  back  from  the  river 
sagebrush  is  abundant 

Mam's  Fork^-Orily  the  upper  portion  of  this  stream  falls  within  the 
limits  of  our  district,  but  the  stream  was  followed  from  its  month. 
About  25  miles  from  its  mouth  it  is  within  our  district,  flowing  approxi- 
mately eastward  along  our  south  line.  The  bluffs  on  either  side  of  the 
stream  from  Granger  northward  are  composed  of  the  sombre  colored 
clays  and  sands  of  the  Bridger  Group,  weathering  into  the  bad-lands  so 
characteristic  of  that  group.  A  short  distance  below  the  limit  of  our 
district  the  following  section  was  made  in  a  bluff  on  the  north  side  of 
the  stream : 

Section  No.  5. 
Base. 

1.  White  shales  and  gray  colored  sandstones  forming  bluffs 300  feet 

2.  Yellowish  shales  and  coarse  gray  sandstones 100  feet 

3.  Gray  sands  and  marls  with  greenish  tint  and  having  bands  of  limestone 

and  sandstone.    These  beds  weather  into  "  bad-lands " 175  feet 

4.  Sandstones  and  greenish  shales  with  bands  of  impure  limestone  near  the 

top.    These  beds  contain  quantities  of  Unto  Haydeni,  and  fragments  of 
what  appear  to  be  fossilized  branches,  some  resembling  equiwtum 100  feet 

675  fort. 

Above  this  section  are  sombre  beds  in  which  vertebrate  remains  are 
found.  The  lower  part  of  the  section  should  probably  be  referred  to  the 
Green  Eiver  Group,  while  the  upper  beds  are  probably  of  Bridger  age* 
Still  farther  up  the  river  lower  beds  appear,  and  the  eaiion  walls  are 
formed  by  coarse  gray  sandstones,  with  yellow  sandstones  and  greenish 
shales.  North  of  Ham's  Fork  these  beds  form  a  bluff  line  facing  Oyster 
liidge.    This  will  be  considered  again  farther  on. 

Ham's  Fork  is  the  largest  of  the  western  tributaries  of  the  Green 
lying  within  our  district.  In  the  early  spring  it  is  not  fordable  on 
account  of  the  high  water,  and  the  fords  ar#  always  difficult  on  account 
of  the  miry  character  of  the  river-bottom. 
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OYSTER  RIDGE. 

In  Vol.  II,  Descriptive  Geology,  Exploration  of  the  Fortieth  Parallel, 
Mr.  S.  F.  Emmons  describes  a  Cretaceous  fold,  forming  what  he  has 
named  Oyster  Eidge,  from  the  abundance  of  fossil  remains  of  Ostrea 
found  upon  it.  The  culminating  point  of  this  ridge,  he  says,  is  Ham's 
Hill.  This  point  lies  within  the  district  examined  by  us,  and  was  our 
Station  No.  33.  What  was  a  simple  fold  in  the  district  examined  by 
Mr.  Emmons  has,  in  the  region  about  Ham's  Hill,  become  complicated 
by  a  fault  and  a  secondary  fold.  On  the  west  side  of  this  northern  end 
of  the  ridge,  Ham's  Fork  flows  southward  in  a  monoclinal  valley  in 
sandstones  that  are  of  Fox  Hills  Cretaceous  age.  On  reaching  the  south 
line  of  our  district  it  turns  abruptly  to  the  eastward,  and  cuts  a  canon 
through  the  ridge  at  right  angles  to  the  strike  of  the  rocks  composing 
it.  Just  before  it  emerges  from  the  eastern  end  of  the  cation  we  have 
the  following  section,  which  is  represented  in  the  accompanying  diagram : 

Section  No.  6. 

1.  Pink  and  red  sandstones  folded,  dipping  8°  to  10°  on  the  eastern  side  and  25°  on 

the  western. 

2.  Resting  on  the  eastern  side  of  the  fold  uncomformably  are  soft  yellow  sandstones 

dipping  east  about  4°.  The  outcrop  of  these  sandstones  is  rather  obscure,  and 
on  the  bluff,  a  short  distance  east  of  the  outcrop,  in  fragments  of  sandstone  that 
appear  to  belong  in  these  strata,  1  obtained  the  following  invertebrate  fossils: 

Campeloma  macrospira,  Corbuia 1  Pyrqulifcra f  and  a  fragment  of  a 

leaf  which  Professor  Lesquereux  says  resembles  an  Araliopria  of  the  Cretaceous. 

3.  Purplish,  reddish,  and  greenish  sandstones  and  shales. 

4.  Conglomerate,  dark  in  color,  and  somewhat  metamorphosed,  dip  20°  to  west. 

5.  Sandstones. 

6.  Same  layer  as  No.  3,  dipping  west  6°  to  8°. 

7.  Same  conglomerate  as  No.  4,  clip  6°  to  8°  west. 

8.  Sandstones,  like  No.  5. 

9.  Sandstones  and  quartzites  of  Station  32. 

Above  these  are  black  shales  and  yellow  sandstones,  followed  by  mas- 
sive sandstones,  whose  strike  carry  them  through  Ham's  Hill.  In  the 
upper  part  of  these  sandstones,  at  the  bend  of  Ham's  Fork,  there  is  a 
bed  of  coal.  We  have,  therefore,  in  this  eaOon  an  anticlinal  fold  toward 
the  east,  with  its  western  side  faulted.  Besting  on  the  eastern  side  are 
beds  that  appear  to  be  of  Laramie  or  Post  Cretaceous  age.  These  beds 
do  not  show  as  we  follow  the  eastern  side  of  the  ridge  north,  but  appear 
to  be  covered  by  the  red  beds  of  the  Wahsatch  Group,  which  overlap 
them.  Before  the  deposition  of  these  layers,  therefore,  the  ridge  must 
have  been  subjected  to  a  vast  deal  of  erosion,  especially  on  its  eastern 
face,  for  the  western  members  are  the  most  important  topograpically, 
the  Cretaceous  sandstones  forming  the  mass  of  the  ridge.  The  red  sand- 
stones in  which  the  fold  is  so  well  marked  in  the  caiion  probably  repre- 
sent the  Triassic  Red  beds  and  the  conglomerate  I  have  provisionally 
considered  to  be  the  No.  1  Cretaceous.  Looking  north  from  Station  33, 
on  Ham's  Hill,  the  sandstones  of  which  it  is  composed  are  seen  forming 
the  Fontenelle  hogbacks,  which  are  much  lower,  while  the  continuation 
of  the  fold  is  distinctly  noted  in  the  Meridian  Ridge.  Whether  the  fault 
is  continuous  or  not,  I  cannot  say.  In  the  Meridian  Ridge  the  greatest 
amount  of  erosion  has  taken  x>lace  on  the  western  side  of  the  fold,  and 
it  has  somewhat  obscured  the  relations  of  the  rocks.  As  to  the  age  of 
the  elevation  of  the  ridge,  it  is  evident  that  it  was  Post  Cretaceous,  aud 
that  the  uplift  was  followed  by  a  period  of  erosion  before  the  beds  of  the 
Wahsatch  were  deposited  upon  the  upturned  and  eroded  edges  of  the 
Cretaceous  strata.  The  strike  of  the  Fox  Hills  beds,  which  in  Mr.  Em- 
mons's district  is  a  little  east  of  north,  changes  to  north,  and  can  be  traced 
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curving  to  the  westward  a  little  above  Ham's  Hill,  and  after  crossing  a 
branch  of  Crow  Creek,  is  seen  to  turn  once  more  to  the  northward.  The 
angle  of  the  dip  is  about  20°. 

ham's  fork  basin. 

Following  Ham's  Fork  to  its  head,  it  is  seen  to  have  its  sources  in  a 
basin  of  Wahsatch  beds  lying  west  of  the  southern  extension  of  Absaroka 
Ridges.  The  extension  of  this  basin  northward,  as  colored  on  the  map, 
is  somewhat  indefinite,  and  the  relations  of  the  beds  to  the  older  rocks 
in  the  hills  on  its  rim  are  unknown*  The  river  flows  south  through  the 
basin,  receiving  lateral  branches  from  both  sides.  On  reaching  the  north- 
ern end  of  the  Ham's  Fork  Plateau  the  river  turns  slightly  to  the  east- 
ward, keeping  along  its  eastern  edge.  It  is  evident  that  the  Green  River 
shales  once  extended  over  the  whole  basin  but  have  been  eroded  away. 
Ham's  Fork  Basin  represents  an  old  bay  of  the  earlier  Tertiary  Lake. 
Whether  the  ancient  lake  whose  sediments  are  found  in  the  Bridger 
deposit,  ever  extended  up.  this  arm  it  is  impossible  to  tell,  as  no  rem- 
nants of  it  are  found  there  now,  and  even  the  Green  Eiver  Group  is  eroded 
entirely  from  the  greater  part  of  the  basin.  The  bright  red  and  pink 
Wahsatch  beds  are  seen  on  the  slopes  of  the  Absaroka  Bidge,  but  we 
were  not  close  enough  to  determine  the  relations. 

HAM'S  FORK  PLATEAU. 

This  plateau  really  represents  that  portion  of  the  ancient  arm  of  the 
Tertiary  Lake  just  described,  from  which  the  Green  Biver  beds  have 
not  been  eroded.  It  is  a  plateau,  cut  into  mesas  by  four  streams  flowing 
eastward  into  Ham's  Fork,  and  by  the  branches  of  Twin  Creek,  a  tribu- 
tary of  Bear  Biver.  which  flow  southward  to  join  the  main  creek,  whose 
course  is  westward.  It  is  a  tongue  extending  northward  from  the  west- 
ern side  of  what  is  called  on  the  maps  of  the  40th  parallel  survey  the 
Aspen  Plateau.  In  the  southern  extension,  however,  the  capping  of 
Green  River  beds  appears  to  be  absent,  as  there  is  none  of  the  formation 
colored  on  the  map.  The  western  boundary  of  the  plateau  is  an  anti- 
clinal range  of  Carboniferous  rocks,  from  the  sides  of  which  the  Green 
Biver  Group  dips  slightly  towards  the  east,  rising  a  little  as  Ham's  Fork 
is  approached.  The  upper  beds  of  the  group  here  are  line-grained,  com- 
pact, white  limestones.  Below  are  dark  shales,  that  weather  white  on 
exposure  to  the  air.  In  these,  near  Camp  21,  we  obtained  fish  remains. 
The  thickness  of  the  shales  and  limestone  here  is  about  400  feet.  The 
streams  generally  cut  deep  enough  to  expose  the  variegated  beds,  which 
also  show  on  the  slopes  of  the  high  hills  to  the  westward.  The  canons 
cut  in  the  plateau  are  marked  by  almost  perpendicular  walls,  on  the  sides 
of  which,  especially  towards  the  heads,  there  are  numerous  springs. 
Running  water  does  not  extend  far  along  the  courses  of  the  creeks.  The 
canon-heads  are  just  as  steep  as  the  sides.  They  begin  abruptly,  and 
are  the  counterparts,  on  a  smaller  scale,  of  the  canons  in  the  Green  Biver 
Group  of  the  Grand  Biver  Cliffs  in  Northwestern  Colorado,  described  in 
the  Annual  Report  of  the  Survey  for  187C. 

Associated  with  the  fish  remains  found  near  Canip  21  (near  Sublcttes 
road),  I  found  three  leaves,  which  were  sent  to  Professor  Lesquerenx  for 
identification.  Of  them  he  writes  me,  "  Of  your  specimens,  I  find  in  Nos. 
1  and  3  the  same  kind  of  kaf  of  a  new  species  of  Myrica;  in  No.  2,  an  in- 
volucre of  Ostrya,  new  species;  both  are  referable  to  the  Upper  Green 
River  Group,  which  is  by  the  plants  the  equivalent  of  the  White  Biver 
Group." 

On  Twin  Creek  two  brothers  by  the  name  of  Bell  have  been  blasting 
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out  the  fossiliferous  shales  for  specimens,  which  they  send  to  the  railroad 
for  sale.  Pro£  E.  D.  Cope  has  described  a  large  number  of  species  of 
fish  from  this  locality.*  The  specimens  collected  by  me  were  sent  to 
Professor  Cope  for  identification,  and  the  following  is  the  list: 

Mioplo8us  abbreciatus. 
Mioplosus  labracoide8. 
Mioplosus  (species  f). 
Dapedoglossus  testis. 
Diplomy8tu8  humilis. 
Diplamystns  analis. 
Priscacara  pealei. 
Priscacara  serrata. 
Priscacara  serrata  (young). 
Wastes  fcrox. 

A  few  insects  also  were  collected,  and  were  sent  to  Prof.  S.  H.  Scud- 
der.  Leaves  also  are  found  in  connection  with  the  insects  and  fish. 
They  occur  in  a  calcareous  shale,  which  is  easily  cut  when  first  taken  out, 
so  that  the  specimens  are  generally  in  better  shape  than  those  obtained 
from  the  shales  of  Green  River  City.  In  the  lower  part  of  the  bluff 
from  which  these  specimens  are  taken,  the  bright  colored  beds  of  the 
Washatch  are  seen  outcropping,  although  the  entire  section  cannot  be 
seen,  as  their  softness  causes  them  to  weather  so  that  the  debris  conceals 
the  strata.  The  fossils  are  found  at  several  horizons  in  the  shales. 
Near  the  top  of  the  bluff  is  a  band  of  hard,  bituminous,  or  oily  shale,  which 
burns  rather  freely  with  a  strong  bituminous  odor.  The  occurrenpe  of 
this  shale  in  connection  with  the  fish-beds  suggests  the  possibility  of  the 
animal  origin  of  the  oily  deposit.  It  is  brownish-black  in  color  and  on 
the  weathered  surfaces  a  bluish-white.  Its  structure  is  very  irregular 
and  seems  to  include  fragments  of  sand.  Portions  are  slightly  calca- 
reous, although  it  is  mainly  argillaceous. 

Somewhere  near  the  head  of  Twin  Creek,  between  it  and  Ham's  Fork, 
is  the  Mammoth  Mine.  The  following  notes  in  regard  to  it  were  fur- 
nished by  one  of  the  Bell  brothers,  who,  with  two  brothers  by  the  name 
of  Smith,  were  the  discoverers  of  the  beds  in  July,  1876.  The  coal 
occurs. in  Bell's  Pass  between  the  head  of  Twin  Creek  and  Ham's  Fork. 
A  thickness  of  315  feet  includes  all  the  coal  beds,  of  which  there  are 
twenty-nine  separated  by  sandstones  and  clays.  They  are  from  a  foot 
and  a  half  thick  to  48  feet  thick.  Openings  have  been  made  into  each 
hed,  but  none  have  penetrated  more  than  about  20  feet.  The  strike  of 
the  beds  is  about  north  and  south,  and  the  dip  30°  or  40°  to  the  west. 
There  are  said  to  be  other  beds  outside  of  this  that  have  not  been  opened. 
Nine  miles  farther  south  the  same  beds  are  said  to  outcrop  again,  but 
with  a  southern  dip  which  throws  them  under  the  Bridger  road.  Ko 
fossils  have  been  found  in  connection  with  the  coal  beds,  but  it  is  probable 
that  the  horizon  is  above  that  of  the  coal  outcropping  at  the  bend  of 
Ham's  Fork.  The  latter  is  probably  in  the  upper  part  of  the  Fox  Hills 
Group  or  the  lower  part  of  the  Laramie  Group.  As  to  its  relation  to  the 
coal  of  Evanston  and  the  coal  exposed  lower  down  Twin  Creek,  nothing 
can  at  present  be  said.  The  men  from  whom  the  description  was  obtained 
think  it  is  not  the  same  bed.  The  coal  appears  to  be  of  good  quality 
with  a  good  luster,  and  does  not  seem  to  be  much  affected  by  the 
weather.  I  was  also  shown  specimens  of  a  softer  coal  from  layers  that 
were  said  to  rest  uncomformably  on  the  beds  containing  the  mammoth 
beds. 

'Bulletiiis-U.-S.G6oL Survey,  vol.  iii,No.4,p.  807;  vol.  iv,  No.  1,  p.  G7. 
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ABSAROKA  RIDGES. 

West  of  the  Fontenelle  Hogbacks  and  east  of  Ham's  Fork  Basin  i»  a 
plateau-like  ridge  of  Carboniferous  beds,  which,  when  followed  to  the 
northward,  develops  into  several  parallel  ridges,  and  finally  culminates 
in  the  Wyoming  Range.  Only  that  portion  lying  between  Ham's  Fork 
Basin  and  the  Hogbacks  was  visited.  Two  stations,  Nog.  25  and  26, 
were  made  on  this  plateau-topped  ridge.  Quartzites  form  the  summit 
dipping  to  the  westward,  and  below  the  summit  limestones  outcrop  with 
fragments  of  Zaphrenti*.  The  summit  is  well  timbered.  Looking  north 
all  the  dips  appear  to  be  toward  the  west.  What  the  rocks  are,  how- 
ever, it  is  impossible  to  say  definitely,  but  the  strikes  of  Station  25,  car- 
ried north,  would  seem  to  indicate  them  to  be  of  Carboniferous  age,  with 
perhaps  later  beds  northwest.  I  am  equally  uncertain  about  the  south 
end  of  the  ridge,  and  the  relations  of  the  overlying  Wahsatchbeds  on  the 
west  on  Ham's  Fork.  On  the  east  there  is  a  rather  abrupt  bluff  ffcce, 
and  a  short  distance  east  in  the  valley  beds  of  sandstone  and  limestone 
with  Ostrca  soleniscu*  are  found,  also  dipping  westward,  seeming  to  abut 
against  the  westward-dipping  Carboniferous  limestones.  There  is  prob- 
ably a  fault  extending  along  the  eastern  side  of  the  range,  but  the  junc- 
tion is  so  covered  by  debris  that  it  can  only  be  assumed. 

MERIDIAN  RIDGE. 

Extending  southward  from  Thompson's  Plateau  to  Slate  Creek  is  an 
anticlinal  uplift,  meridian  fold,  that  forms  the  western  rim  of  the  Green 
River  Basin  at  this  part  of  its  extent.  This  ridge  was  crossed  by  us  at 
two  points  only,  viz,  south  of  Fontenelle  Creek  and  near  Slate  Creek. 
The  highest  portion  of  the  ridge  is  north  of  Fontenelle  Creek,  where  an 
elevation  of  about  8,000  feet  is  reached.  Labarge  Creek  cuts  a  cation 
through  the  north  end  of  the  ridge.  The  upper  portion  of  the  ridge  not 
l>eing  visited,  of  course  its  description  is  not  attempted.  It  is  probable 
that  Carboniferous  and  Jurassic  rocks  form  the  main  part  of  it,  and  it 
has  been  so  colored.  Approaching  the  ridge  via  Fontenelle  Creek  the 
Green  River  Group  is  seen  to  terminate  in  a  bluff  facing  the  ridge,  with 
its  strata  inclining  gently  towards  the  eastward.  From  beneath  these 
strata  the  Wahsatch  beds  appear  abutting  against  the  more  steeply  in- 
clined older  beds  that  form  the  fold  which  makes  the  ridge.  At  the  Fon- 
tenelle the  trend  of  the  ridge  is  about  due  north  and  south.  Towards 
Labarge  Creek  it  is  little  west  of  north.  The  following  section  was 
made  on  the  western  slope  of  the  ridge  south  of  Fontenelle  Creek.  The 
edges  of  the  strata  face  the  west,  the  strata  being  almost  horizontal  on 
the  summit,  but  dipping  steeply  to  the  eastward  on  the  east  side  of  the 
ridge. 

Section  Ko.  7. 
Top. 

C.  A  reddish  quartzite,  thin  and  without  fossils.     It  forms  the  summit  uT 

some  places  and  is  entirely  eroded  away  in  others 

5.  Bluish  limestone  containing  Pentacrinvs  aaltriscus,    Ostrea  strigulecula. 

Camplonccte*  belHstriatus,  Mytilus ?  Myalina ?  Modiola T 

Tnyonia f  Ostrea ? 

4.  Reddish  sandstone ^ 

3.  llluish  limestones,  laminated  and  blue  argillaceous  shales  and  slates.-..  )  i^nfeat. 

2.  Hluish  and  gray  limestones > 

1.  Keddish  quartzites  which  appear  to  reach  to  the  valley  of  the  creek  to 
west  of  ridge.  They  are  much  broken  and  appear  to  have  been  ab- 
ruptly folded.    The  distanco  to  the  creek  level  is  about 600  feet. 

Total 850feet 


►  100  feet. 
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In  the  cafion  limestones  probably  outcrop,  and  if  the  quartzites  (No.  1 
of  the  section)  are  Triassic,  as  I  believe,  the  limestones  would  be  of  Car- 
boniferous age.  Professor  Cope  visited  the  cation  and  recognized  Car- 
boniferous rocks.*  "In  one  of  the  Carboniferous  strata,"  he  says,  "I 
found  a  well-marked  horizon  of  Carbonaceous  shales  extending  as  far  as  I 
explored  them."  The  erosion  that  has  excavated  the  valley  at  the  west 
.side  of  the  ridge  has  therefore  cut  into  a  portion  at  least  of  the  Carbon- 
iferous. The  ridge  is  therefore  an  anticlinal  with  the  sharpest  portion  of 
the  fold  on  the  western  side.  This  is  the  portion  eroded  away.  Erosion 
ham  considerably  obscured  the  beds,  and  at  one  time  I  thought  it  proba- 
ble a  fault  extended  along  the  ridge,  especially  as  a  fault  was  noticed 
west  of  the  fold  at  the  canon  of  Ham's  Fork.  The  latter  fold  is  the 
southern  continuation  of  the  Meridian  Ridge.  The  valley  between  Me- 
ridian Ridge  and  Absaroka  Eidge  is  occupied  by  the  Fontenelle  Hog- 
backs. The  view  from  the  former  ridge  is  thus  described  by  Professor 
Cope  in  the  report  for  1872 :  "From  the  summit  we  have  had  a  beauti- 
ful and  interesting  view  of  geological  structure.  The  valley,  of  three  or 
four  miles  in  width,  is  bounded  on  the  west  side  by  a  range  or  low  mount- 
ains (Absaroka  Ridges),  whose  summits  are  well  timbered.  The  valley 
is  excavated  at  an  acute  angle  to  the  strike  of  the  strata,  so  that  as  far 
as  the  eye  can  reach  to  north  and  south  successive  hogbacks  issue  en 
echelon  from  the  western  side  and  run  diagonally,  striking  the  eastern 
aide  many  miles  to  the  southward." 

The  hogbacks,  south,  are  not  as  numerous,  because  the  fold  of  Meridian 
Badge  is  not  so  elevated,  and  the  greater  part  of  the  beds  curve  over  and 
are  found  on  both  sides  preserving  the  anticlinal.  At  the  head  of  Slate 
Creek  I  could  find  no  evidence  of  any  fault.  The  Wahsatch  beds  extend 
farther  to  the  westward  below  Slate  Creek,  so  that  the  Jurassic  beds  do 
not  appear  and  the  character  of  the  ridge  is  completely  lost. 

FONTENELLE  HOGBACKS. 

These  hogbacks  have  been  partially  described  under  the  preceding 
head,  as  they  are  formed  by  the  western  members  of  the  Meridian  Eidge 
fold.  They  extend  northward  from  Ham's  Hill  into  the  valley  of  Labarge 
Creek.  They  are  most  marked  on  the  Fontenelle,  and  hence  their  name. 
A  section  carried  across  the  valley  or  depression  in  which  they  outcrod 
is  in  general  as  follows : 

Section  No.  8. 
Base. 

L  Shales  and  limestones,  with  bands  of  sandstone.  The  lower  beds  dip 
5°  to  the  westward,  and  the  upper  beds  8°  or  9°.  The  thickness,  as 
estimated,  is  about 600  feet. 

2.  Above  the  layer  No.  1  follow  sandstones,  with  pink  and  gray  shales 

above,  which  are  yellow  sandstones.    The  dip  in  these  beds  is  10°  to 

west 900  feet. 

3.  Yellow  siliceous  sandstones,  forming  well-marked  hogbacks,  dip  10°. ..       500  feet. 

4.  8pace  probably  tilled  with  sandstones  and  limestones,  dipping  5°  to  18° 

to  west.    In  these  is  a  bed  full  of  Ostrea  soleniscus.    Thickness. .  1,000  to  1,500  feet. 

Some  of  the  shales  in  larger  !Nb.  1  resemble  those  of  the  Colorado  Cre- 
taceous ;  but  I  could  find  no  fossils,  and  failed  also  to  recognize  the  Da- 
kota Group.  My  time,  however,  was  limited,  and  Professor  Cope  informs 
me  that  he  obtained  Cretaceous  fossils  from  some  of  the  shales  at  a  point 
somewhere  in  this  neighborhood.  It  is  probable,  therefore,  that  the 
whole  Cretaceous  series  is  present.    The  beds,  with  the  Ostrea,  are  un- 

*  Report  U.  S.  Geol.  Survey,  1873,  1874,  p.  440. 
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doubtedly  the  Fox  Hills  Group,  and  the  sandstones  in  layer  Kb.  3  may 
represent  the  Fort  Pierre  Group  (Cretaceous  No.  4). 

The  Fontenelle  comes  from  the  north  on  the  west  side  of  the  principal 
hogbacks  until  joined  by  a  stream  rising  in  the  Absaroka  ridges,  where 
it  turns  towards  the  east  and  cute  across  the  hogbacks,  flowing  in  a  zigzag 
course,  now  across  and  now  with  the  strike,  until  it  reaches  the  head  of 
the  cation.  Following  southward  through  the  trough-like  depression 
between  the  hogbacks  and  the  Absaroka  Ridge,  we  come  to  Grow  Creek, 
a  branch  of  Ham's  Fork.  This  stream  flows  southward  west  of  the  prin- 
cipal sandstone  hogback.  Just  outside  of  this  sandstone  ridge,  where 
the  road  from  Slate  Creek  comes  to  the  stream,  I  found  an  outcrop  in 
which  the  following  fossils  occurred  in  a  bed  of  soft  sandstone: 

Ostrea  soleniscus. 

Ostrea 1 

Trapezium 1 

Inoceramus 1 

This  layer  I  am  inclined  to  think  lower  than  the  one  from  which  Ostrea 
soleniscus  wag  obtained  on  the  Fontenelle,  although  I  cannot  be  certain. 
The  hogbacks  at  this  point  are  much  lower  and  the  inclination  less 
than  on  the  Fontenelle.  The  hogbacks  farther  south,  however,  assume 
greater  proportions  in  the  ridge  of  Ham's  Hill,  and  a  small  ridge  in 
which  there  is  a  coal-bed  shows  to  the  west  of  the  latter.  Farther 
north  I  saw  no  evidences  of  this  coal-bed,  but  the  outcrops  were  so  in- 
distinct that  it  might  easily  be  concealed  by  the  debris,  and  I  did  not 
have  time  to  make  a  close  detailed  section  at  either  of  the  points  where 
the  hogbacks  were  crossed.  The  Fox  Hills  beds  are  seen  abutting 
against  the  Carboniferous  limestone.  Either  there  is  a  fault  on  the 
west  or  the  hill  in  which  these  limestones  outcrop  was  a  shore  line 
during  Cretaceous  times.  This  subject,  however,  will  have  to  be  deferred 
to  a  future  chapter. 

Looking  north  from  the  Fontenelle,  the  hogbacks  are  seen  filling  the 
valley  of  Labarge  Creek.  Some  of  the  branches  of  the  latter  stream 
rise  7  or  8  miles  south  of  the  ])oint  where  the  Fontenelle  emerges  from 
the  Absaroka  ridges,  and  have  their  valleys  parallel  to  that  of  the  latter, 
although  they  flow  in  the  opposite  direction.  On  Labarge  Creek  the 
trend  of  the  hogbacks  turns  toward  the  west,  and  they  become  much 
less  prominent  as  viewed  from  Thompson  Plateau,  the  nearest  point 
from  which  they  were  observed. 

THOMPSON  PLATEAU. 

Viewed  from  the  Green  River  Basin,  the  edge  of  this  plateau  presents 
a  very  regular  outline.  It  is  about  10  miles  in  length  and  from  2  to  3 
miles  in  width.  Only  one  station  (No.  47)  was  made  on  it,  and  that  was 
on  the  northern  end/  It  is  composed  of  massive  limestones  dipping  to 
the  west.  Fragments  of  Zaphrentis  were  the  only  fossils.  North  from 
the  plateau  there  is  an  anticlinal  fold  that  is  on  the  direct  line  of  the 
fold  of  Meridian  Ridge.  It  is  probably  the  same  fold,  and  I  have  called 
it  Meridian  fold.  At  Station  47  the  fold  appears  to  be  a  monoclinal, 
and  the  limestones  appear  to  be  connected  with  those  on  the  west  side 
of  Meridional  Valley.  Station  40  was  on  the  axis  of  the  anticlinal,  but 
the  beds  were  concealed.  The  fold,  however,  coidd  be  distinctly  seen 
on  the  north  side  of  the  canon  of  Pincy  Creek,  and  the  section  in  an 
accompanying  plate  gives  the  relations  of  the  beds  as  noted.  I  am  in 
doubt  about  the  gray  beds  in  the  centre,  as  no  fossils  were  obtained. 
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Their  age  must  remain  doubtful  until  a  section  in  the  cafion  of  the 
Piney  is  made.  The  sandstones  forming  the  upper  portion  of  the  section 
are  undoubtedly  the  Laramie  sandstones ;  for,  on  a  branch  of  the  Piney, 
only  a  little  farther  north,  I  obtained  Laramie  fossils.  The  relation  of 
the  fold  to  the  plateau  could  not  be  definitely  determined.  The  simplest 
solution  appears  to  be  that  the  plateau  represents  the  highest  portion 
of  the  elevation,  and  that  in  the  fold  north  the  overlying  beds  have  not 
been  removed,  btit  that  Jurassic  and  Cretaceous  layers  are  still  pre- 
served. Thin  supposes  a  vast  erosion  subsequent  to  the  uplift:  for,  on 
the  east  of  Thompson  Plateau,  the  Wahsatch  beds  rest  on  the  Carbonif- 
erous limestones  extending  to  the  eastward  in  long,  smooth  slopes,  while 
.  at  the  caiion  they  rest  on  the  more  modern  beds,  whether  Jurassic  or 
Cretaceous  I  am  unable  to  say.  It  is  probable  that  Cretaceous  is  pres- 
ent, as  there  is  room  for  a  thickness  of  7,000  feet  of  beds  between  the 
axis  of  the  fold  and  the  range  to  the  westward. 

MERIDIONAL  VALLEY. 

Between  the  rim  of  the  Green  Biver  Basin  and  the  Wyoming  Bange 
is  a  deep,  trough-like  depression,  which,  as  far  as  could  be  determined 
by  the  few  fossils  that  were  found;  is  filled  with  sandstones  of  the  Lar- 
amie Group.  The  structure  of  this  valley  will  be  apparent  by  glancing 
at  the  sections  across  it  represented  in  the  accompanying  plate,  showing 
sections  of  Meridian  fold.  The  valley  extends  from  the  Piney,  north  of 
Thompson  Plateau,  to  Marsh  Creek  Valley.  The  branches  of  the  Piney, 
Bitterroot,  and  Marsh  Creek  drain  the  region  with  north  and  south 
courses,  while  the  main  streams  flow  eastward.  The  rim  of  the  basin  is 
an  anticlinal,  which  is  represented  in  the  sections.  In  this  anticlinal  no 
locks  older  than  the  Jurassic  were  observed.  On  the  north  side  of  the 
main  Piney  the  steepest  side  of  the  anticlinal  is  the  eastern,  the  dip  of 
the  beds  being  80°  on  that  side  as  seen  beneath  the  unconformable  Wah- 
satch beds.  The  western  side  dips  west  50°.  The  lower  beds  are  prob- 
ably of  Jurassic  age,  as  determined  by  fossils  found  farther  north.  They 
were  seen  from  a  distance  at  this  point,  and  consist  of  gray  beds,  probably 
limestones.  Above  them  a  reddish  limestone  outcrops,  followed  by  sand- 
stones and  shales,  and  again  white  sandstones  with  greenish-gray  lam- 
inated sandstones  still  higher.  There  is  room  in  the  section  for  7,000 
feet  of  beds,  and  the  whole  Cretaceous  system  is  probably  present, 
although  not  positively  identified.  The  dip  of  the  beds  on  the  west  side 
of  the  anticlinal  is  south  77°  west.  In  the  range  to  the  west  the  dip  is 
westward.  On  the  east  the  variegated  Wahsatch  beds  rise  on  the  ridge 
so  as  to  cover  the  greater  part  of  the  eastern  side  of  the  anticlinal.  They 
dip  6°  to  the  eastward. 

On  a  small  branch  of  the  Lake  Fork  of  Piney  Creek,  east  of  Station 
48, 1  found  a  Corbuto,  and  other  indistinct  fossils.  On  the  north  side  of 
the  main  Lake  Creek  the  following  were  obtained :  Pentacrinus  a&teriscus 

and  NeriHna f    The  angle  of  dip  here  on  the  western  side  of  the 

anticlinal  is  about  25°,  as  shown  in  the  section.  There  appear  to  be 
qiufttzites  in  the  centre  of  the  fold,  but  whether  they  are  the  representa- 
tives of  the  Bed  Beds  or  not,  it  is  impossible  to  say.  The  fold  at  this 
point  is  much  more  gentle  than  on  the  main  Piney.  The  section  on  the 
south  side  of  Bitterroot  Creek  shows  the  fold  to  be  still  more  gentle,  the 
western  members  showing  dips  of  20°.  The  eastern  side  is  still  the  more 
abrupt,  and  the  Wahsatch  beds  still  conceal  the  greater  portion  of  it. 
North  of  the  Bitterroot  the  Wahsatch  beds  cover  the  axes  of  the  fold 
entirely,  and  present  a  bluff  face  to  the  westward.    On  top  the  beds  are 
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doubtedly  the  Fox  Hills.  Group,  and  the  sandstones  in  layer  No.  3  may 
represent  the  Fort  Pierre  Group  (Cretaceous  So.  4). 

The  Fontenelle  comes  from  the  north  on  the  west  side  of  the  principal 
hogbacks  until  .joined  by  a  stream  rising  in  the  Absaroka  ridges,  where 
it  turns  towards  the  east  and  cuts  across  the  hogbacks,  Ilowing  in  a  zigzag 
course,  now  across  and  now  with  the  strike,  until  it  reaches  the  head  of 
the  canon.  Following  southward  through  the  trough-like  depression 
between  the  hogbacks  and  the  Absaioka  liidge,  we  come  to  Crow  Creek, 
a  branch  of  Ham's  Fork.  This  stream  Hows  southward  west  of  the  prin- 
cipal sandstone  hogback.  Just  outside  of  tin's  sandstone  ridge,  where 
the  road  from  Slate  Creek  comes  to  the  stream,  I  found  an  outcrop  in 
which  the  following  fossils  occurred  in  a  bed  of  soft  saudstone: 

Ontrea  solenucus. 

(Mrea f 

Trapezium f 

Inoceramm 1 

This  layer  I  ain  inclined  to  think  lower  than  the  one  from  which  Ostrca 
soltnteaw  was  obtained  on  the  Fouteuelle,  although  I  cannot  be  certain. 
The  hogbacks  at  this  point  are  much  lower  and  the  inclination  less 
than  on  the  Fontenelle.  The  hogbacks  farther  south,  however,  assume 
greater  pro]>ortions  in  the  ridge  of  Ham's  Hill,  and  a  small  ridge  in 
which  there  is  a  coal-bed  shows  to  the  west  of  the  latter.  Farther 
north  I  saw  no  evidences  of  this  coal  lied,  but  the  outcrops  were  so  in- 
distinct that  it  might  easily  lie  concealed  by  the  debris,  and  I  did  not 
have  time  to  make  a  close  detailed  section  at  either  of  the  points  where 
the  hogbacks  were  crossed.  The  Fox  Hills  beds  are  seen  abutting 
against  the  Carboniferous  limestone.  Either  there  is  a  fault  on  the 
west  or  the  hill  in  which  these  limestones  outcrop  was  a  shore  line 
during  Cretaceous  times.  This  subject,  however,  will  have  to  be  deterred 
to  a  future  chapter. 

Looking  north  from  the  Fontenelle,  the  hogbacks  are  seen  filling  the 
valley  of  Labarge  Creek.  Some  of  the  branches  of  the  latter  stream 
rise  7  or  8  miles  south  of  the  point  where  the  Fontenelle  emerges  front 
the  Absaroka  ridges;  and  have  their  valleys  parallel  to  that  of  the  latter, 
although  they  flow  in  the  opposite  direction.  On  Labarge  Creek  the 
trend  of  the  hogbacks  turns  toward  the  west,  and  they  become  much 
less  prominent  as  viewed  from  Thompson  Plateau,  the  nearest  -point 
from  which  they  were  observed. 

THOMPSON  PLATEAU. 

Viewed  from  the  Green  River  Basin,  the  edge  of  this  plateau  i 
a  very  regular  outline.  It  is  about  10  miles  in  length  and  from  2  to  3 
miles  in  width.  Only  one  station  (No.  47)  was  made  on  it,  and  that  was 
on  the  northern  end.  It  is  composed  of  massive  limestones  dipping  to 
the  west.  Fragments  of  Zaphrentia  were  the  only  fossils.  North  from 
the  plateau  there  is  an  anticlinal  fold  that  is  on  the  direct  line  of  die 
fold  of  Meridian  Ridge.  It  is  probably  the  same  fold,  and  I  have  cullcl 
it  Meridian  fold.  At  Station  47  the  fold  appearB  to  be  a  inomHliuil. 
and  the  limestones  appear  to  be  connected  with  those  on  the  west  -sicl«j 
of  Meridional  Valley.  Station  46  was  on  the  axis  of  the  anticlinal,  I1"1 
the  beds  were  concealed.  The  fold,  however,  could  be  distinctly  *■''■" 
on  the  north  side  of  the  canon  of  Piney  Creek,  and  the  section  in  :|" 
accompanying  plate  gives  the  relations  of  the  beds  as  noted.  I  ara J» 
doubt  about  the  gray  beds  in  the  centre,  as  no  fossils  were  obtained- 
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Their  age  must  remain  doubtful  until  a  section  in  the  canon  of  the 
Piney  is  made.  The  sandstones  forming  the  upper  portion  of  the  section 
are  undoubtedly  the  Laramie  sandstones ;  for,  on  a  branch  of  the  Piney, 
only  a  little  farther  north,  I  obtained  Laramie  fossils.  The  relation  of 
the  fold  to  the  plateau  could  not  be  definitely  determined.  The  simplest 
solution  appears  to  be  that  the  plateau  represents  the  highest  portion 
of  the  elevation,  and  that  in  the  fold  north  the  overlying  beds  have  not 
been  removed,  but  that  Jurassic  and  Cretaceous  layers  are  still  pre- 
served. Thia  supposes  a  vast  erosion  subsequent  to  the  uplift:  for,  on 
the  east  of  Thompson  Plateau,  the  Wahsatch  beds  rest  on  the  Carbonif- 
erous limestones  extending  to  the  eastward  in  long,  smooth  slopes,  while 
at  the  cauon  they  rest  on  the  more  modern  beds,  whether  Jurassic  or 
Cretaceous  I  am  unable  to  say.  It  is  probable  that  Cretaceous  is  pres- 
ent, as  there  is  room  for  a  thickness  of  7,000  feet  of  beds  between  the 
axis  of  the  fold  and  the  range  to  the  westward. 

MERIDIONAL  VALLEY. 

Between  the  rim  of  the  Green  Biver  Basin  and  the  Wyoming  Bange 
is  a  deep,  trough-like  depression,  which,  as  far  as  could  be  determined 
by  the  few  fossils  that  were  found?  is  filled  with  sandstones  of  the  Lar- 
amie Group.  The  structure  of  this  valley  will  be  apparent  by  glancing 
at  the  sections  across  it  represented  in  the  accompanying  plate,  showing 
sections  of  Meridian  fold.  The  valley  extends  from  the  Piney,  north  of 
Thompson  Plateau,  to  Marsh  Creek  Valley.  The  branches  of  the  Piney, 
Bitterroot,  and  Marsh  Creek  drain  the  region  with  north  and  south 
courses,  while  the  main  streams  flow  eastward.  The  rim  of  the  basin  is 
an  anticlinal,  which  is  represented  in  the  sections.  In  this  anticlinal  no 
rocks  older  than  the  Jurassic  were  observed.  On  the  north  side  of  the 
main  Piney  the  steepest  side  of  the  anticlinal  is  the  eastern,  the  dip  of 
the  beds  being  80°  on  that  side  as  seen  beneath  the  unconformable  Wah- 
satch beds.  The  western  side  dips  west  50°.  The  lower  beds  are  prob- 
ably of  Jurassic  age,  as  determined  by  fossils  found  farther  north.  They 
were  seen  from  a  distance  at  this  point,  and  consist  of  gray  beds,  probably 
limestones.  Above  them  a  reddish  limestone  outcrops,  followed  by  sand- 
stones and  shales,  and  again  white  sandstones  with  greenish-gray  lam- 
inated sandstones  still  higher.  There  is  room  in  the  section  for  7,000 
feet  of  beds,  and  the  whole  Cretaceous  system  is  probably  present, 
although  not  positively  identified.  The  dip  of  the  beds  on  the  west  side 
of  the  anticlinal  is  south  77°  west.  In  the  range  to  the  west  the  dip  is 
westward.  On  the  east  the  variegated  Wahsatch  beds  rise  on  the  ridge 
so  as  to  cover  the  greater  part  of  the  eastern  side  of  the  anticlinal.  They 
dip  6°  to  the  eastward. 

On  a  small  branch  of  the  Lake  Fork  of  Piney  Creek,  east  of  Station 
48, 1  found  a  Corbtda^  and  other  indistinct  fossils.  On  the  north  side  of 
the  main  Lake  Creek  the  following  were  obtained :  Pentacrinus  asteriscus 

and  Neritwa f    The  angle  of  dip  here  on  the  western  side  of  the 

anticlinal  is  about  25°,  as  shown  in  the  section.  There  appear  to  be 
qusfttzites  in  the  centre  of  the  fold,  but  whether  they  are  the  representa- 
tives of  the  Bed  Beds  or  not,  it  is  impossible  to  say.  The  fold  at  this 
point  is  much  more  gentle  than  on  the  main  Piney.  The  section  on  the 
south  side  of  Bitterroot  Creek  shows  the  fold  to  be  still  more  gentle,  the 
western  members  showing  dips  of  20°.  The  eastern  side  is  still  the  more 
abrupt,  and  the  Wahsatch  beds  still  conceal  the  greater  portion  of  it. 
INorth  of  the  Bitterroot  the  Wahsatch  beds  cover  the  axes  of  tha  fc&& 
entirely,  and  present  a  bluff  face  to  the  westward.    On  t/o\*  1fofc\ifc&&*xfc 
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cotored  with  the  debris  of  the  range  to  the  westward,  composed  of! 
stone  and  quartette  pebbles.    Underneath  are  the  following  beds  i 

Yellow  sands  and  conglomerates. 

Bed  marls  and  sands. 

Purple  sands  and  conglomerates.' 

These  beds  are  500  to  600  feet  thick,  and  dip  slightly  to  the 
ward.  The  conglomerates  are  composed  of  quartzite  aad  limestone 
pebbles  and  bowlders,  evidently  derived  from  the  range  that  lies  to  the 
westward.  Some  of  the  limestone  pebbles  contain  indistinct  fragments 
of  Carboniferous  fossils.  On  the  top  of  the  plateau  which  these  bet|s 
form  I  found  corals  and  a  Spiriferm  some  of  the  pebbles.  I  think  these 
pebbles  were  derived  from  the  weathering  of  some  of  the  upper  conglom- 
erates. The  bluff  of  bright  colored  conglomerates  extends  from  th6 
Bitterroot  to  Lander  Greek.  Between  Lander  Creek  and  the  main  breach 
of  Marsh  Creek  the  anticlinal  again  shows.  On  the  ridge  here  Station 
51  was  located,  on  a  hard  limestone  containing  remains  of  a  small  patfo- 
ropod  that  is  probably  of  Jurassic  age.  As  seen  from  this  point,  the 
beds  north  of  Marsh  Creek  are  more  folded  than  was  noticed  at  any  point 
south.  The  strike  is  about  north  13°  west  There  were  three  anti- 
clinals,  all  rather  gentle:  west  of  the  most  western  the  dip  of  the  si 
stones  was  30°,  and  next  to  the  Carboniferous  Range  an  angle  of  20° 
noticed.  Between  these  two  points,  however,  the  beds  are  nearly  ho 
zontal,  as  shown  in  the  section.  The  Wahsatch  beds  rise  on  the  hills 
the  east  side,  and  remnants  are  seen  resting  on  the  upturned  edges 
the  sandstones  on  the  west  side.  These  sandstones  are  greenish-j 
and  laminated  in  character.  No  fossils  were  found  in  them.  They 
been  colored  on  the*  map  to  represent  the  Laramie  Group,  as  the 
fossils  found  in  their  southern  extension  seem  to  indicate  that  as  1 
age.  The  area  between  the  anticlinal  and  the  Wyoming  Range  is  wite 
from  Lander  Creek  northward  than  southward.  Marsh  Creek  rises  qfr 
posite  the  head  of  McDougal's  Creek,  in  a  basin  of  sandstones  which 
present  bluffs  on  the  head  of  the  latter.  The  divide  between  the  two 
streams  is  on  the  east  side  of  the  Wyoming  Range.  Another  case  sim- 
ilar to  this  occurs  at  the  head  of  a  branch  of  John  Day's  River;  the  di- 
vide between  them  being  some  distance  to  the  east  of  the  range.  As* 
other  case  occurs  farther  north,  on  a  much  larger  scale.  This  was  jurt 
north  of  our  line,  and  will  be  the  field  of  future  exploration. 

WYOMING  RANGE. 

I  take  up  this  range  in  this  chapter  inasmuch  as  the  greater  parts! 
its  drainage  is  to  the  eastward  into  Green  River  Basin.  It  is  about  K 
miles  long  in  our  district  from  Thompson's  Pass  to  our  north  line.  Be- 
yond the  latter  it  reaches  to  the  Gros  Ventre  Range.  The  width  is  ftun 
G  to  8  miles.  The  peaks  range  in  elevation  from  10,000  to  over  H,Mt 
feet.  Wyoming  Peak,  on  which  station  55  is  located,  is  the  highest  peaky 
having  an  elevation  or  11,490  feet. 

Towards  the  Green  River  Basin  the  range  presents  a  rather  abrupt 
face,  with  basset  edges  of  limestone  strata  which  dip  to  the  westward 
from  10°  to  20°.  These  limestones  have  been  colored  to  represent  the 
Carboniferous,  as  only  carboniferous  fossils  were  found.  There  is  aft 
exposure  of  from  2,000  to  8,000  feet  of  beds,  and  it  is  possible  that  the 
lower  portion  ought  to  be  referred  to  the  Silurian  or  Devonian. 

At  station  48  the  following  is  a  general  section. 


Plate  LIU. 


B 
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Section  No.  9. 
Base. 

1.  Massive  blue  limestones  reaching  from  the  base  of  the  cliffs  to  a  point 

about  1,600 feet  above;  thickness  about 2,700  feet, 

2.  Red  limestone : > 

3.  Blue  limestones,  with  crinoidal  stems;  indistinct  corals  and  fragments  >    800  feet. 

of  an  Arckimedest \ 

4.  Qoartzites • S 

5.  Blue  and  yellow  limestones >  1,400  feet. 

6.  Qoartzites  on  station  48 ) 

•         4,900  feet. 

The  lower  layers  have  a  very  old  look,  and  are  in  all  probability  Sub- 
carboniferous,  although  they  may  be  Devonian  or  Upper  Silurian.  The 
dip  of  the  strata  is  about  20°  to  the  westward. 

Station  55,  or  Wyoming  Peak,  is  almost  due  west  of  station  48.  It 
is,  however,  on  higher  beds  that  represent  the  Trias  formation. 

The  following  section  was  made  on  the  peak: 

Section  Xo.  10. 
Top. 

10.  Red  qnartzitic  sandstones  forming  summit  of  the  peak  about 110  feet. 

9.  Red  sandstones  with  quartzitic  and  shaly  bands ) 

8.  Light  brick-red  colored  sandstones >  60  feet. 

7.  Mottled  calcareous  sandstones S 

6.  Purplish  limestones  with  mottled  layer * tixn  «&of 

6.  Shush  and  purplish  quartzites Jiouieei. 

4.  Red  sandstones  and  shales 350  feet. 

3.  Bluish  limestones . 250  feet. 

2.  Dark  quortzitos )v  .  .  , 

1.  Conglomeritic sandstones :.......  ^<>t  taken. 

Total 920  feet. 

These  beds  are  almost  horizontal  and  tongues  run  out  to  this  eastward 
from  the  crest  of  the  range  onto  the  spurs.  Between  this  section  and 
the  section  of  station  48  there  must  be  from  a  thousand  to  fifteen  hun- 
dred feet  of  beds  that  probably  represent  the  Carboniferous  coal  mea- 
sures. Northward  from  the  station  there  appears  to  run  a  synclinal 
depression.  It  is  rather  shallow,  and  not  very  broad.  It  is  probably 
the  same  one  that  will  be  referred  to  again  as  occurring  on  McDougaPd 
Creek. 

Station  49  was  located  on  a  limestone  ridge  that  appeared  to  stand 
out  to  the  east  from  the  main  range.  The  dip  of  the  rocks  is  here  more 
to  the  southward.  On  the  summit  a  quartzite  outcrops,  and  below  it 
are  blue  limestones,  followed,  as  we  descend,  by  yellow  limestones.  The 
qoartzites  are  probably  the  same  as  those  of  layer  No.  5  in  the  section 
made  at  station  48.  The  view  as  we  look  southwest  into  the  main  range 
shows  a  confused  massof  high  peaks  in  whose  recesses  liehuge  snow-banks. 
rhe  synclinal,  north  of  station  55,  can  be  distinctly  traced,  and  at  this 
point  it  appears  to  be  broader  than  at  any  other.  This  has  preserved  a 
greater  body  of  the  Red  Beds  (Trias! ),  and  we  found  that  the  water  on  Lan- 
ier Creek,  from  their  erosion,  had  a  red  tint  not  observed  on  the  other 
streams.  A  succession  of  quartzites  and  reddish  sandstones  with  inter- 
Aminated  gray  beds  could  be  seen  dipping  west  at  an  angle  of  about  3XP. 
Station  49  was  named  by  us  Mount  Lander,  after  a  civil  engineer  who  trav- 
ersed a  large  portion  of  this  region  on  surveys  for  a  wagon  road  across  the 
jountry.  There  are  two  passes  across  the  Wyoming  Bange  within  the 
Limits  of  our  district,  viz,*  Thompson's  Pass  and  McDougal's  Gap.  The 
former  is  the  one  by  which  the  Lander  Cut-off  roadcrosse^a\M\A^^\AX\fc> 
southern  end  of  the  range.    McDougal's  Gap  is  about  25  n&£&  ^ast'Oasx 
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north,  and  is  the  route  of  a  broad  and  well  worn  Indian  trail  which  fol- 
lows up  Marsh  Creek,  The  ascent  is  very  gradual  to  the  rim  of  a  small 
basin  in  which  McDougal  Creek  heads.  This  is  at  the  eastern  base  of 
the  range.  The  descent  from  the  head  of  Marsh  Creek  to  the  head  of 
McDougaTs  Creek  is  very  abrupt,  and  the  latter  stream  has  a  rapid  de- 
scent through  a  narrow  and  rough  caOon.  Gray  laminated  sandstones 
dipping  to  the  westward  at  an  angle  of  20°  are  first  crossed.  These* 
abut  against  the  edges  of  limestones,  which  also  dip  to  the  westward. 
The  angle  of  inclination  in  the  limestones  at  first  is  10°,  but  this  in- 
creases to  25<>  as  we  go  down  the  canon.  Beaching  a  creek  coming  from 
the  north  a  few  miles  west  of  the  Pass  we  find  beds  flattening  oat  until 
we  soon  cross  a  gentle  synclinal  and  shortly  afterwards  an  anticlinal 
fold.  This  latter  fold  is  continuous  along  the  western  side  of  the  range. 
The  creek  already  mentioned  as  coming  into  McDougaTs  Creek  from  the 
north  cuts  the  range  into  two  ridges  that  are  parallel  to  each  other.  The 
eastern  or  outside  ridge  is  composed  entirely  of  limestones  and  quarte- 
ttes of  Garboniferous  and  perhaps  Silurian  age.  The  western  ridge  con- 
tinues the  main  crest  northward,  while  the  eastern  ends  at  a  point  east 
of  station  53.  The  latter  was  our  most  northern  station  in  the  range, 
and  was  on  limestones  whose  position  was  almost  horizontal.  Gam* 
westward,  however,  this  dip  soon  becomes  35°  or  40°.  To'  the  south  and 
to  the  north  the  Bed  Beds  (Trias)  are  seen  reaching  up  on  the  summits 
of  the  ridge.  In  the  valley  of  John  Day's  Biver  opposite  the  station 
and  for  some  distance  north  of  McDougaTs  Creek  the  fold  of  the  Bed 
Beds  on  the  western  side  of  the  range  is  preserved;  but  ferther  south 
the  fold  is  more  abrupt  and  the  line  of  sharpest  folding  is  most  eroded, 
so  that  on  the  summit  of  the  range  we  have  the  Bed  Beds  resting  in  al- 
most horizontal  position  on  the  Carboniferous  limestones,  and  in  the 
valley  of  John  Day's  Biver  they  dip  25°  to  36°  to  the  westward.  Be- 
tween these  two  there  is  a  gap  in  which  only  Carboniferous  shows. 
This  portion  of  the  range,  in  consequence  of  this  erosion,  presents  a  rather 
steep,  bluffy  face  to  the  westward.  The  summit  of  the  range  is  about  a 
mile  and  a  half  east  of  the  valley,  above  which  it  rises  nearly  4,000  feet. 
The  upper  portion  is  an  almost  sheer  precipice  in  most  places.  South  of 
Thompson's  Pass  the  Absaroka  Bidges  continue  the  line  of  the  range, 
gradually  diminishing  in  height  towards  the  south.  These  have  already 
been  considered. 
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CHAPTER  IV. 


DESCRIPTIVE  GEOLOGY— StfAKE  RIVER  DRAINAGE  AREA. 

John  Day's  River— 8alt  River  Range— Salt  River— Blackfoot  Basin— Port- 
neuf  River— Marsh  Creek— Portneuf  Range — Bannack  Range. 

In  the  present  chapter,  I  shall  take  np  the  general  geology  of  the 
branches  of  Snake  River  that  drain  the  northwestern  portion  of  the  dis- 
trict. As  there  are  alternately  streams  and  mountains,  in  general  par- 
allel to  each  other,  I  shall  take  them  up  in  order  from  east  to  west  instead 
of  considering  the  drainage  system  first  and  the  mountain  ridges  and 
ranges  afterward,  as  was  done  in  the  preceding  chapter.  I  shall  endeavor, 
in  taking  up  each  stream  and  range?  to  give  a  general  idea  of  the  geo- 
logical structure  of  the  immediate  region  as  determined  by  the  facts  noted 
by  us.  These,  however,  must  be  necessarily  incomplete.  The  whole 
region  is  one  admirably  adapted  to  rapid  topographical  work,  while  the 
geology  is  complicated,  especially  in  the  ranges.  The  general  structure 
was  well  determined,  but  there  are  many  detailed  points  still  to  be  worked 
out,  and  a  geologist  will  find  much  to  interest  him  for  a  long  time,  espe- 
cially in  the  Salt  River  Range  and  in  the  Preuss  Range. 

The  branches  of  Snake  River  draining  this  portion  of  the  district  are 
John  Day's  River,  Salt  River,  Blackfoot  River,  and  the" Portneuf  River. 
Salt  River  Range  is  the  highest  mountain  range.  Other  ranges  are  the 
Portneuf,  Bannack,  and  the  northern  spurs  of  the  Preuss  Range. 

JOHN  day's  river. 

« 

John  Day's  River  has  a  length  of  about  35  miles  within  our  district. 
Its  course  is  about  due  north  to  within  a  couple  of  miles  of  our  north 
line,  where  it  turns  to  the  northwest.  The  river  was  named  after  one  of 
the  early  trappers  of  this  region.  Its  extreme  head  is  in  the  southern 
end  of  the  Wyoming  Range,  between  La  Barge  Creek  and  the  branches 
of  Piney  Creek.  Its  valley  is  narrow  and  cauon-like  throughout  its 
length,  and  the  hills  sloping  to  it  are  well  timbered  with  pines.  The 
stream  is  clear  and  rapid,  generally  difficult  to  ford.  Geologically  the 
valley  is  a  monoclinal  cut  in  rocks  of  Jura-Trias  and  Cretaceous  age. 
Opposite  Station  56  the  river  flows  over  the  red  quartzitic  sandstones 
that  lie  just  above  the  limestones  of  the  Wyoming  Range.  They  out- 
crop on  both  sides  of  the  valley,  dipping  35°  or  40°  to  the  westward. 
The  Wyoming  Range  on  the  east  side  of  the  river  presents  an  almost 
vertical  face  toward  the  valley.  The  summit  is  capped  by  "  red  beds  " 
in  almost  horizontal  position.  Below  the  red  sandstones  are  conform- 
able limestones,  which,  as  we  get  nearer  the  level  of  the  valley,  curve  and 
dip  conformably  beneath  the  red  sandstones  that  form  the  hogback-like 
ridges  on  its  east  side.  The  projecting  angle  of  the  fold  has  therefore 
been  eroded  away.  In  the  valley  the  river  winds  but  little.  A  couple 
of  miles  above  Station  b  the  river  turns  slightly  to  the  eastward  out  of 
-the  red  sandstones,  but  soon  turns  westward  again,  cutting  across  the 
red  sandstones  into  the  gray  Jurassic  beds  that  lie  abovfc.   T\\fc  *&£*»&&> 
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here  cuts  quite  a  deep  cation,  from  which  it  emerges  into  the  broadest 
valley  along  its  course.  This  valley  extends  northward  about  six  miles, 
to  the  mouth  of  McDougal's  Creek.  It  is  nearly  a  mile  wide  in  the 
widest  part,  and  near  the  lower  end  the  river  includes  quite  a  large 
island.  The  valley  is  covered  with  a  growth  of  sage  interapeised  with 
good  grass.  The  red  sandstones  outcrop  on  the  east  side  until  within 
about  a  mile  of  McDougal's  Creek,  when  the  gray  Jurassic  limestones 
cross  from  the  west  side  about  opposite  the  lower  end  of  the  island.  The 
river  here  bends  to  the  westward,  and  thence  northward  appears  to  be 
in  a  monoclinal  of  Jurassic  rocks. 

Station  a  was  located  on  quartzite  on  the  north  side  of  McDougaPs 
Creek,  opposite  its  mouth. 

Station  b  was  located  on  red  quartzitic  sandstone,  on  the  east  side  of 
John  Day's  Eiver,  about  five  miles  south  of  Station  a.  Near  Station  a 
the  sandstones  outcrop  at  the  angle  of  McDougal's  Greek,  about  a  mile 
and  a  half  above  its  mouth. 

Between  the  two  stations  they  rise  on  the  western  slope  of  the  Wyo- 
ming Bange.  At  one  point  the  fold  in  these  red  beds  is  unbroken.  They 
appear  to  be  horizontal  on  the  summit  of  the  range*, 

Between  Station  a  and  the  top  of  the  red  beds  exposed  to  the  east- 
ward at  the  angle  of  the  creek  there  is  exposed  about  1,500  feet  of  con- 
formable beds  dipping  to  the  westward  25°  to  30°. 

The  following  is  the  section  at  this  point : 

Section  No.  1L 

Top. 

1.  Quartiite. 

2.  Reddish  arenaceous  shales. 

3.  Green  laminated  sandstones. 

4.  Greenish-gray  limestones  with  very  irregular  structure.    Some  of  the  layers  appear 

to  be  arenaceous.    The  following  fossils  were  obtained :  BeUmniim  densu*,  Avicw- 
lopecten  Idahoenais  (f)  Gryphaa,  and  other  undetermined  bivalves. 

5.  Reddish  and  gray  shales  and  sandstones. 

6.  Gray  limestones  and  shales,  near  the  top  of  which  are  Pentacrinus  asteriscus,  &c. 

7.  Blue  laminated  limestones  with  Pentacrinus-  astcr'utcus,  Camptonecles  Cellistriatus, 

Trigonia,  sp.  f  and  Myacitcs,  sp.  f 

• 

The  thickness  of  this  section  is  about  1,500  feet.  Below  are  the  red 
beds,  of  which  the  best  section  made  is  the  one  at  Station  55  (No.  10). 

Bed  No.  1  may  represent  the  base  of  the  Cretaceous,  but  no  proof 
was  found.  West  of  John  Day's  River  is  a  thickness  of  from  2,000  to 
4,000  feet  of  beds,  mainly  shales  and  sandstones,  as  observed  in  the  very 
few  outcrops  seen.  They  appear  to  abut  against  the  limestones  of  the 
east  side  of  Salt  Eiver  Range,  although  the  line  of  junction  was  not 
seen  at  any  place.  The  Salt  River  Range  was  crossed  at  only  one  point 
These  shales  and  sandstones  have  been  colored  on  the  map  to  represent 
the  Cretaceous  formation,  from  the  fact  that,  tracing  the  outcrops  south- 
ward, they  appear  to  be  the  direct  continuation  of  the  Cretaceous  beds 
noted  on  La  Barge  and  Fontenelle  Creeks.*  Following  down  the  river 
from  McDougal's  Creek  we  found  the  red  sandstones  forming  hogbacks 
on  the  east  side.  The  dip  of  these  beds  increases  towards  the  north. 
West  of  Station  53  the  angle  is  43°.  The  strike  of  the  beds  is  a  little 
west  of  north,  while  the  river  flows  directly  north.  The  Jurassic  beds 
outcropping  at  the  mouth  of  McDougaPs  Creek  therefore  soon  cross  to  the 

#  During  the  explorations  of  1878,  Cretaceous  fossils  were  obtained  in  beds  on  IIo- 
back's  River,  directly  north  of  this  valley,  in  about  tho  same  relative  position  with* 
regard  to  the  Jurassic. 
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west  side  of  the  river,  where  they  form  gray  and  reddish  bluffs  as  far 
north  as  the  abrupt  westward  turn  in  the  river. 

Four  or  five  miles  northwest  of  Station  53  the  Wyoming  Eange  is  cut 
by  a  stream  flowing  a  few  degrees  south  of  west.  From  the  mouth  of 
this  creek  the  course  of  John  Day's  River  is  west  for  about  a  mile  and 
a  half,  when  it  turns  northwest,  a  course  that  it  holds  to  its  mouth.  On 
the  north  side  of  this  tributary  stream  a  good  section  of  the  strata  is 
seen,  as  viewed  from  Station  53.  Toward  the  east,  the  limestones,  the 
basset  edges  of  which  face  the  Green  Eiver  Basin,  are  seen  dipping  a 
little  south  of  west  35°.  Above  the  limestones  are  red  sandstones  and 
quartzites,  and  still  higher  lighter  colored  red  sandstones,  inclining 
about  25°  in  the  same  direction.  Above  the  latter  are  the  gray  lime- 
stones and  shales,  in  which  the  angle  is  from  20°  to  25°.  The  entire 
thickness  of  the  beds  is  between  9,000  feet  and  10,000  feet. 

The  following  section  agrees  with  the  section  given  in  the  illustration: 

Section  Xo.  12. 

Feet 

Carboniferous f\  YeUow  limestones  and  quartzitea.... ;•••;•—  \  2,100 

%/cuwvuuvavuo ^  Blue  limestones  somewhat  laminated  near  the  top.,  s     * 

Triassic  ?  <  **'  ^e^°^sn  sandstones  and  quartzites,  light  colored  near  f 

•••*  j  the  base...... >  3,600 

14.  Red  sandstones S 

!5.  Gray  and  blue  limestones 
6.  Bluish  and  gray  limestones,  with  shales  and  sand- 
stones near  the  top.    (Beds  of  section  at  McDou- 
gal's  Creek  come  in  this  section  here) }  3, 300 

C  7.  Sandstones  and  shales,  gray  and  greenish 

Cretaceous T <  8.  Yellow  sandy  shales? 

(  9.  Variegated  reddish  and  grayish  shales 

9,000 

It  is  probable  that  a  careful  detailed  examination  of  these  beds  would 
determine  the  presence  of  the  whole  Cretaceous  series  to  the  top  of  the 
Fox  Hills  Group.  The  section  given  above  is  only  general,  and  the  thick- 
nesses are  approximate.  They  are  obtained  by  taking  the  dip  of  35°  for 
the  limestones,  25°  for  the  red  beds,  and  20°  for  the  Jurassic  strata.  Tak- 
ing the  average  dip  at  25°  for  all,  we  get  a  thickness  of  8,000  instead  of 
9,000  feet. 

The  western  side  of  the  valley  of  John  Day's  Eiver  is  a  high  plateau 
of  Cretaceous  (?)  rocks.  It  is  from  two  to  four  miles  in  width,  and 
slopes  gently  from  the  Salt  Eiver  Mountains  to  a  bluff  facing  the  river 
bottom.  This  bluff  is  from  400  to  600  feet  in  height  in  the  upper  part 
of  the  valley,  and  increases  to  about  800  feet  above  the  mouth  of 
McDougaPs  Creek.  In  this  portion  the  plateau  is  much  cut  up  by  the 
branches  of  the  river. 

SALT  RIVER  RANGE. 

This  range  is  one  of  the  most  complicated  within  the  limits  of  the 
district,  especially  towards  the  southern  end,  where  it  merges  into  the 
commencement  of  the  ridges  that  continue  southward  from  this  range 
and  the  Wyoming  Eange.  Geologically,  the  direct  southern  prolonga- 
tion of  the  Salt  Eiver  Eange  is  found  in  the  range  that  forms  the  divide 
between  the  tributaries  of  Bear  Eiver  and  Smith's  Fork  and  the  branches, 
of  Ham's  Fork.  The  Salt  Eiver  Eange  proper,  from  Smith's  Fork  north* 
ward,  has  a  length  in  our  district  of  about  35  miles.  It  probably  e-x? 
tends  5  or  6  miles  farther  to  the  Caiion  of  Snake  "Rivet.  \\»  \&  wajga. 
and  rugged,  but  not  heavily  timbered.    There  is  but  one  pa«&  *fisoe»^ 
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and  that  is  McDougaPs  Pass.    This  is  very  high,  reaching  almost  to  the 
summit  of  the  range.    When  we  crossed,  about  the  middle  of  July,  we 
found  the  gorge  at  the  head  of  the  creek,  on  the  west  side  of  the  pass,' 
entirely  filled  with  an  immense  snow-bank,  reminding  one  of  a  glacier. 
Whether  it  is  or  not  could  not  be  positively  determined,  as  the  snow 
obscured  everything.    It  extended  for  several  miles  down  the  gorge. 
On  a  creek  coming  southward  from  back  of  Virginia  Peak  a  similar 
snow-bank  was  noted.    On  its  surface  were  rocks  and  earth,  and  at  the 
bottom  a  mass  of  detrital  matter  resembling  a  small  terminal  moraine. 
It  seems  probable  that  this  snow  remains  throughout  the  entire  year. 
Whether  there  is  any  motion  in  these  snow-banks  I  do  not  know. 
They  may  be  simply  compacted  t%6v£s.    It  is  very  improbable  that  they 
are  glaciers.    A  broad  Indian  trail  crosses  the  pass,  following  up  Sickle 
Creek  from  John  Day's  Greek,  and  thence  down  Glacier  Greek  into  the^ 
valley  of  Salt  River. 

Between  the  head  of  the  first  creek  south  of  Sickle  Greek  and  Mount 
^Wagner  the  trend  of  the  range  is  about  north  and  south.    North  of  this 
point  it  bends  a  little  to  the  westward.    In  this  southern  portion  of  t2he 
range  there  is  a  rather  steep  front  on  the  east  side,  and  from  this  spoift 
extend  toward  John  Day's  River,  with  bluff  ftoes  at  the  ends  betw«a& 
the  streams.    The  latter  head  against  the  main  crest,  back  of  the  btaadfr 
spurs.    North  of  Sickle  Greek  these  bluffy  spurs  have  the  dignity  o>i  * 
range,  forming  an  unbroken  crest,  facing  the  valley  of  John  D^ay*B 
River,  with  steep  slopes.    The  trend  of  this  range  is  north  10°  w~«Bt 
and  the  beds  dip  south  of  west.    Virginia  Peak  is  an  outlying  spmrof 
this  sub-range  towards  the  north  end.    A  station  was  made  on  it  by  Ufa 
J.  E.  Mushbach,  who  reported  the  rocks  to  be  limestones,  dipping  so^tfa 
of  west,  but  at  what  angle  he  was  unable  to  tell.    The  line  of  junction 
between  the  limestones  and  the  deposits  in  the  valley  was  obscured  by 
the  debris  from  the  mountains,  as  at  all  other  places  along  the  east  sidLcof 
the  range.    He  found  quantities  of  fossils,  among  which  Professor  VY  tiite 
has  identified  the  following : 

Spirifer  striatiis. 

Spirifer  (Martinia)  planoconvexus. 

Zaphrentis f 

FenesteUa f 

Qlauconome 1 

Spirifer 


Khombopora 

Chonetea f 

Syringopora 


These  fix  the  age  of  the  strata  as  Carboniferous  beyond  doubt. 

It  is  probable  that  a  fault  extends  along  this  eastern  side  of  the  rang®; 
The  range  has  been  uplifted  with  a  force  that  has  thrown  its  component 
rocks  into  the  sharpest  of  folds.  If  not  a  fault  we  would  have  to  8ttP" 
pose  the  uplift  to  have  taken  place  in  Pre-Cretaceous  time,  which  is  n0* 
at  all  probable.  The  regular  front  presented  by  the  range  also  iP* 
presses  one  with  the  fact  of  the  presence  of  a  mult.  .. 

At  the  head  of  Sickle  Creek,  in  limestones  that  are  cherty.  I  fouP^ 
good  specimens  of  Productus  multistriatus.  They  occur  in  blue  lh**^ 
stones  just  above  a  layer  of  quartzite.  The  structure  here  is  somewb^r 
obscure,  but  I  think  the  head  of  Sickle  Creek  is  on  the  line  of  an  aa*^f 
clinal  fold  which  continues  southward,  soon  becoming  very  sharp,  i 
with  the  eastern  side  of  the  fold  removed  and  perhaps  complicated 
a  fault.    This  is  rendered  \rcota»bl&  from  the  fact  that  Glacier  Creek 
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its  head  opposite  Sickle  Creek,  and  flows  directly  north  in  a  cafion-like 
valley,  which  is  on  the  line  of  what  would  be  the  fault,  if  extended* 
Opposite  the  pass  the  crest  of  the  range  is  the  edge  of  a  monodinal 
fold,  or  what  appears  to  be  a  monoclinal,  for  at  this  point  there  may 
be  an  obscure  anticlinal,  of  which  the  upper  members  of  the  eastern 
half  are  removed.  The  western  members  present  a  bluff  face  about  400 
to  600  feet  high,  in  which  is  the  following  general  section,  beginning  at 
the  base :  ' 

Section  No.  13. 

1.  Black  shales. 

2.  Massive  limestones. 

3.  Interlaminated  limestones  and  shales;  some  of  the  latter  are  probably  arenaceous. 

4.  Reddish  limestones  and  shales. 

5.  Interlaminated  limestones  and  shales,  like  those  of  No.  3,  but  probably  more  arena- 

ceous. 

At  the  base  of  layer  Ko.  2  occurs  Product™  multistriatus.  It  is 
this  layer  that  preserves  the  fold  just  east  of  the  range.  East  of  this 
the  upper  bed  appears  to  be  a  quartzite,  and  below  it  occur  the  fossils 
found  at  Virginia  Peak.  The  fold  is  gentlest  and  broadest  just  south  of 
Sickle  Greek.  On  Station  56  the  beds  are  steeper  in  their  dip  than  at 
the  pass.  The  following  fossils  were  obtained  in  the  beds  of  the  section 
just  given,  occurring  in  layers  3  and  5 : 

Aviculopecten  pealei,  n.  sp. 
Gervillia,  sp.  f 

These  are  identical  with  species  obtained  from  near  Station  66,  which 
have  been  identified  as  Lower  Trias. 

At  the  bend  of  Glacier  Creek  as  we  look  north,  the  quartzites  that 
cap  the  ridge  running  south  from  Virginia  Peak  appear  to  abut  against 
the  limestones  of  the  main  range,  which  are  here  folded  into  a  very 
sharp  anticlinal.  The  creek  cuts  directly  across  this  fold.  The  dip  of 
the  quartzites  east  of  the  anticlinal  is  about  30°  towards  the  west.  The 
eastern  side  of  the  anticlinal  dips  eastward  80°.  As  we  approach  the 
centre  of  the  fold;  this  angle  diminishes  to  75°.  On  the  west  side  the 
dip  rapidly  diminishes  to  25°j  and  the  creek  soon  crosses  a  rather  broad 
synclinal.  The  rocks  are  massive  limestones,  some  containing  fragments  ' 
of  zaphrentis.  Before  leaving  the  canon  the  stream  crosses  another  an- 
ticlinal that  is  sharper  than  the  first.  The  western  members  of  this 
fold  pass  under  the  valley  of  Salt  Eiver.  The  section  in  the  accompany- 
ing figure  gives  the  structure  of  the  range  at  this  point.  It  represents 
a  sharp  fold  at  the  east  with  the  beds  dragged  rather  than  faulted.  The 
latter  was  not  actually  observed  at  any  point  near  here,  and  a  fold  was 
noted  at  several  places.  This2  however,  was  the  only  point  at  which  the 
range  was  crossed.  Two  stations  were  made  in  it,  one  to  the  south  of 
Glacier  Creek  and  the  other  north  of  it. 

Station  57  is  located  about  eight  miles  north  of  Glacier  Creek,  just 
above  the  north  line  of  our  district.  To  reach  the  station  from  Salt 
Eiver  Valley,  we  cross  the  upturned  edges  of  massive  blue  limestones 
that  form  a  rather  gentle  fold  along  the  western  side  of  the  range.  On 
Station  57  the  beds  are  almost  horizontal,  dipping  slightly  to  westward 
or  rather  somewhat  south  of  west,  as  the  trend  here  is  west  of  north. 
This  is,  therefore,  the  west  side  of  the  same  anticlinal  noted  on  Glacier 
Creek,  near  Salt  Eiver  Valley.    Here,  however,  it  is  much  broader. 

According  to  Professor  Bradley  (Beport  United  States  Geological  Sur- 
Tey  for  1872,  p.  269)  the  valley  of  Snake  Eiver,  below  tlifc  mo\*fti  oi^a& 
Jiiver,  is  located  by  an  anticlinal  fold.    This  is  proba\>\y  \3afc  uot^aKWi. 
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extension  of  the  fold  of  the  west  side  of  the  Salt  Biver  Range.  It  was 
impossible  to  determine  from  the  station  whether  or  not  the  sharp  east- 
ern anticlinal  extends  northward  or  not ;  bat  the  topography  indicates 
that  if  it  does  it  becomes  gentler.  John  Day's  Biver  may  occupy  its 
axis.  The  canon  of  Snake  Biver  is  only  thirteen  miles  north  of  Sta- 
tion 57.  Professor  Bradley  passed  through  this  cafion  in  1872,  and  says 
that  three  anticlinals  are  crossed,  in  the  third  of  which  (the  moat  west- 
ern) there  is  considerable  displacement.  The  investigations  of  Mr. 
St.  John  in  the  region  north  of  Snake  Biver  will  probably  throw  some 
light  on  the  structure  of  the  northern  portion  of  the  range.  All  the 
rocks  exposed  in  this  portion  of  the  range  are  probably  of  Carboniferous 
age;  at  least  nothing  more  modern  appearing  north  of  Glacier  Creek  as 
far  as  Station  57. 

The  sequence  of  the  rocks  at  Station  57  is  as  follows,  beginning  at  the 
west  and  going  down : 

Section  Xo.  14. 

1.  Massive  bine  limestones,  with  fragments  of  corals,  and  an  indistinct  spirifer. 

2.  Bine  limestones,  weathering  light-yellow,  with  light  bands. 

3.  Bine  and  yellowish  limestones, In  rather  thm  banfo  that  are  highly  fbatUifaons. 

4.  Dark-bine  limestones. 

5.  Yellowish  limestones,  with  perhaps  bands  of  qnartsite.    These  beds  were  seen  only 

from  a  distance. 

Layer  No.  4  or  No.  5  may  possibly  be  the  equivalent  of  the  foesilifer- 
ous  horizon  of  Virginia  Peak.  Layer  No.  3  represents  the  limestones 
outcropping  on  the  station,  about  150  feet  in  all,  and  containing  fossils 
at  Ave  horizons  or  layers,  as  follows: 

At  the  top,  on  layer  1,  we  have— 

Hemipronites  crenistria. 

Euomphalus 1 

Platycrinus ! 

Zaphrentis 1 

In  layer  No.  2,  50  feet  lower  down,  occur — 

Hemipronites  crenistria. 

Spirifer J 

Murchisonia ? 

Synocladia ? 

Prodttctus f 

Euomphalus ? 

In  layer  Xo.  3,  40  feet  below  Xo.  2  and  90  feet  below  the  summit  of 
the  station,  the  following  occur : 

J[urchisonia ? 

Euomphalus ?  , 

And  a  few  feet  below  them —  | 

Spirifer ? 

Prcetus ? 

Streptorynchus ? 

In  layer  No.  4,  CO  feet  below  No.  3  and  150  feet  below  the  station,  are 
the  following : 

Productus ? 

Streptorynchus ? 

Ptylodyctia 1 
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These  prove  the  Carboniferous  age  of  these  limestones,  and  it  is  prob- 
able that  they  represent  the  Goal-Measures.  They  are  higher  than  the 
beds  of  Virginia  Peak  and  below  the  beds  in  which  fossils  were  found 
on  the  ridge  north  of  Station  56.  So  much  has  the  range  been  folded 
and  eroded  that  the  more  definite  place  of  the  beds  cannot  be  deter- 
mined with  the  limited  data  at  our  command. 

Station  58  is  located  about  13  miles  south  of  Glacier  Creek.  The 
range  here  appears  to  be  somewhat  broader,  and  instead  of  two  anticli- 
nals,  we  have  here  three.  The  section  through  the  station  is  represented 
in  an  accompanying  figure.  On  the  station  is  an  outcrop  of  quartzite, 
which,  as  we  trace  it  north,  is  seen  to  dip  west,  instead  of  east,  as  on 
the  station  and  as  shown  in  the  figure. 

Five  miles  north  of  the  station,  therefore,  the  broad  synclinal  noted 
on  Glacier  Creek  is  still  preserved.  It  is  occupied  by  red  sandstones 
that  lie  above  the  shaly  and  laminated  sandstones  and  limestones  of 
Station  56.  The  beds  on  the  east  side  of  the  synclinal  have  a  dip  of 
about  65°  and  the  west  side  45°  to  50°.  The  western  anticlinal  is  here 
marked  by  high  peaks,  the  line  of  the  peaks  being  formed  principally 
by  the  eastern  members  of  the  fold.  The  axis,  therefore,  lies  to  the 
westward  of  the  peaks,  and,  as  seen  from  Station  58,  the  western  side 
appeared  to  be  very  steep,  the  beds  having  an  inclination  of  70°,  and 
those  on  the  west  an  angle  of  only  25°.  Following  this  fold  southward, 
we  find  that  opposite  the  point  where  the  secondary  anticlinal  branches 
off,  there  is  considerable  crushing  of  the  beds.  The  eastern  side  of  the 
fold  is  made  up  of  the  limestones  below  the  quartzite  of  Station  58.  They 
have  dips  of  78°  and  85°,  and  appear  to  be  crushed  against  the  beds  on 
the  western  side,  which  dip  west  45°. 

Following  it  south  still  farther  we  see  it  becoming  more  gentle  and 

perfectly  preserved,  the  axes  east  of  the  station  being  marked  by  several 

round-topped  peaks.    On  the  south  side  of  Red  Creek  it  is  marked  by 

two  high  and  prominent  peaks.    The  dip  of  the  beds  is  only  25°,  but,  in 

addition  to  the  limestones  north  of  Red  Creek,  the  overlying  shales  and 

sands  and  red  sandstones  are  present.    The  fold  becomes  much  less 

abrupt  and  probably  disappears  west  of  Mount  Wagner.    It  has  been 

persistent  all  along  the  west  side  of  the  range,  but  at  Mount  Wagner 

the  secondary  fold  of  Station  58  appears  to  have  become  the  principal 

one,  and  forms  the  west  side  of  the  range.    Taking  up  this  fold,  we  find  it 

branching  from  the  principal  fold  about  four  miles  north  of  tlie  station. 

The  limestones  and  quartzites  which  a  little  farther  north  form  the 

eastern  side  of  the  main  western  anticlinal,  dipping  50°  to  eastward, 

gradually  become  vertical,  and  even  turn  until  they  dip  westward.    The 

principal  bed,  by  the  curving  or  overturning  of  which  this  fold  could  be 

traced,  was  the  quartzitic  of  the  station.    Two  and  a  half  miles  north 

it  dipped  west  55°,  and  the  limestones  that  in  the  broad  synclinal  north 

form  the  centre  now  stand  on  end.    This,  therefore,  as  is  evident  from 

the  sections,  cannot  be  a  true  fold,  but  an  upturning  of  the  beds,  and 

the  valley  west  of  the  station  must  mark  the  line  of  a  fault,  and  the 

quartzite  of  the  station  is  really  a  lower  bed  than  the  limestone  which 

lies  below  it. 

Following  south  of  Red  Creek,  we  have  seen  that  the  anticlinal  to  the 
West  has  broadened,  and  that  between  the  line  of  faulting  and  the  anti- 
clinal there  is  a  broad  synclinal.  As  we  approach  the  eastern  side  of 
the  synclinal  the  beds  becojne  steeper  and  steeper  (increasing  from  an 
almost  horizontal  position  to  40°),  and  the  faulting  is  gradually  becoming 
a  well-defined  anticlinal  fold.  The  beds  appear  to  have  regained  their 
natural  position  four  miles  south  of  the  station.    At  MoxwA^^^gaet  \3&R> 
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fold,  as  seen  from  a  distance,  appears  complete,  awl  the  red  sandstones 
are  the  only  beds  on  the  mountain  that  are  broken  through.  On  the 
east  side  the  Carboniferous  limestones  appear  to  carve  over  uninter- 
ruptedly, the  curve  being  abrupt  on  the  east  side.  As  far  as  seen,  no 
Jurassic  strata  arc  involved  in  the  folds  of  the  range.  The  direction  of 
the  fault  fold  just  described  is  a  few  degrees  east  of  sonth.  The  fold 
continues  southward  beyond  the  head  of  Smith's  Fork,  where  it  will 
be  again  considered  farther  on  in  this  report. 

As  we  have  already  observed,  the  synclinal  fold  of  Glacier  Creek 
continues  southward,  and  its  influence  is  seen  in  the  course  of  Shoshone 
Creek  at  its  head.  It  flows  northward  along  the  western  side  of  the 
ridge,  extending  south  from  Station  56.  South  of  Shoshone  Creek  the 
depression  is  tilled  mainly  with  the  red  Triassic  (f)  sandstones.  East 
of  Station  58  the  depression  is  narrow  and  the  eastern  side  very  steep. 
South  the  valley  widens  somewhat,  but  narrows  again  near  Mount 
Wagner,  and  probably  disappears  south  of  that  point.  The  anticlinal 
east  of  this  dmression  was  not  crossed,  but  it  is  probably  very  sharp 
and  much  eroded.  Looking  at  the  range  from  the  ^Vvoming  Range, 
a  bluffy  face  is  presented,  back  of  which  sharp  peaks  rise.  These  are 
the  summits  that  mark  the  anticlinal  crest.  The  following  general  sec- 
tion was  made  at  Station  5$,  and  corresponds  with  the  liguree  in  an 
accompanying  plate,  the  letters  identifying  the  beds: 

Section  2fo.  13. 

1.  Massive  lime»tone "1 

2.  Gray  shaly  samlsrmif-s  ami  liinrsfiiEir.o.     These  are  in  all  probability  the  I 

beds  that  ontcron  mi  Stat  inn  M,  ami  contain  the  fossils  given  in  the  see-  ( 
tion(No.  13)  of  those  beds J 

3.  RedsandMonc*  ami  shales,  nrnbabh  Tfiassic )         . 

4.  hHHM.  8,  OHU  Tvrm-sot  in  dip J 

5.  Some  as  Ifo  2.  ICTfOwd  in  dip «■ 

6.  Massive  limestones.      The  portion  in-mist  tfo.  'i  l>ein£  the  s»me  as  those  of 

layer  So.  1.     They  stand  almost  on  end  in  tin-  tentrc,  but  .liji  westward 

as  they  are  followed  toward  the  station,  showing  an  overturn i 

7.  Qimrtzites t 

s.  y*vriTT  UrinllmWiiinH f 

'J.  Yellow  and  gray  sUuli-H  rind  liui.--toii.r-t 3- 

The  following  section  was  made  from  a  poiut  west  of  Station  58  to  the 
valley  of  Salt  1'iver.    Beginning  at  the  west,  we  have: 


1.  Limestones. 
ft  Shales. 

3.  Hetlstindstoix ■,. 

4.  (Write. 

5.  Bine  limestone. 

6.  Sandstones. 


Section  So.  1G. 


8.  Sandstones. 

9.  Red  sandstones. 

10.  Limestono  shales. 

11.  Blue  limestones,  in  which  a  Producing  was  fonnd. 

These  beds  all  dip  westward  at  high  angles,  and  against  them  abi*^ 
beds  of  which  the  following  is  a  general  section,  beginning  at  the  top : 

Section  So.  17. 

1.  Bine  limestone. 

2.  Bed  sandstone. 

3.  Blue  limestone. 

4.  Greenish  and  gray  limestone. 


TT.S.Ge6lotfica7  S, 


We»t. 


Sections 


y.D.o. 
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The  thickness  of  the  beds  in  the  first  of  the  two  sections  jnst  given  is 
about  4,000  feet,  taking  the  average  angle  of  dip  at  50°.  In  the  second 
section  we  have  about  1,000  feet. 

The  heights  of  the  peaks  in  the  Salt  River  Range  are  from  9,325  feet 
to  10,088  feet.  The  greater  portion  of  its  drainage  is  towards  Salt  River, 
very  few  of  the  streams  on  the  east  side  cutting  into  the  head  of  the 
mountains,  as  the  western  streams  do. 

SALT  RIVER. 

This  is  one  of  the  important  southern  branches  of  Snake  River.  It  en- 
ters the  latter  a  few  miles  north  of  our  district.  Its  extreme  sources  are 
opposite  those  of  the  Western  fork  of  Smith's  Fork  of  the  Bear,  south  of 
Mount  Wagner. 

Its  valley  is  divided  into  two  portions  by  a  broad  plateau-like  mass  of 
hills  that  branch  from  the  Salt  River  Mountains.  Through  these  hills 
the  river  flows  in  a  low  cailon. 

The  entire  length  of  the  valley  in  our  district  is  about  38  or  40  miles 
and  the  average  width  about  5  miles.  The  soil  is  coarse  and  gravelly, 
especially  in  the  lower  valley.  It  is  covered  with  abundant  grass  of  excel- 
lent quality.  The  upper  valley  is  about  22  miles  in  length  and  about  & 
miles  in  width.  The  course  of  Salt  River  before  it  enters  this  valley  is 
west  of  south.  Rising  east  of  Mount  Wagner  it  flows  parallel  to  the 
waters  of  Smith's  Fork  for  about  7  miles,  when  it  turns  abruptly,  making 
an  angle  of  40°,  and  flows  west  of  north.  At  the  mouth  of  Wagner 
Creek  it  turns  more  to  the  north  and  keeps  a  nearly  uniform  course  to 
the  mouth  of  Smoking  Greek,  which  comes  in  from  the  west,  just  above 
the  canon  already  referred  to.  This  upper  valley  appears  to  be  located  by 
an  anticlinal  from  which  the  beds  have  been  mostly  removed.  We  find 
indications  of  this  anticlinal  at  the  head  of  the  canon  on  its  east  side, 
and  along  the  east  side  of  the  valley  the  same  gray  sandstones  and 
limestones  are  seen  dipping  in  towards  the  mountains,  as  noted  in  the 
section  given  on  page  550. 

What  these  beds  are  I  was  unable  to  determine,  and  in  Mr.  St.  John's 
district  they  occurred  with  a  great  thickness,  and  he  was  unable  to  posi- 
tively identify  them.  They  resemble  the  beds  noted  to  the  southward 
on  Smith's  Fork,  and  the  strikes  prolonged  evidently  fall  on  the  same 
strata.  In  the  latter  region  I  obtained  Laramie  fossils  from  the  central 
beds,  and  I  think  the  whole  series  below  the  Laramie  to  the  Jurassic  is 
present  on  the  east  side  in  that  locality.  These  beds  will  be  discussed 
again  under  the  head  of  Smith's  Fork. 

The  Lander  cut-off  road  comes»down  the  Upper  Salt  River  Valley  and 
crosses  to  Smoking  Creek  before  it  reaches  the  canon.  This  portion  of 
the  road  is  used  very  little.  The  caiion  on  Salt  River  is  six  or  seven 
miles  long  and  about  1,000  feet  deep.  Shoshone  Creek  joins  Salt  River 
about  the  middle  of  the  caiion.  The  lower  valley  of  Salt  River  con- 
tinues northward  from  the  canon  until  it  is  merged  in  the  valley  of 
Snake  River,  which  has  the  same  direction.  The  valley  in  this  lower 
portion  is  terraced.  Between  Glacier  and  Strawberry  Creeks  the  soil 
is  gravelly,  and  the  surface  strewn  with  limestone  pebbles  and  bowlders. 
Although  this  portion  of  the  valley  is  unfitted  for  agricultural  purposes 
it  is  covered  with  good  grass.  The  valley  is  about  six  miles  wide  at  the 
widest  part,  and  the  elevation  is  about  6,000  feet.  The  river  is  crowded 
to  the  west  side,  close  to  the  rolling  hills  that  separate  Salt  River  from 
the  branches  of  the  Blackfoot.  In  this  lower  valley,  on  the  east  side^  a* 
conglomerate  shows  at  the  edge  of  the  mountains  afc  s&N«raX  ^s*s&&« 
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The  beds  that  dip  eastward  against  the  limestones  at  the  mouth  of 
Bed  Creek,  appear  to  have  been  eroded  here,  and  this  conglomerate  de- 
posited on  the  top  of  it  This  conglomerate  is  horizontal  and  shows  also 
on  a  butte  between  Glacier  Grew  and  Salt  River.  It  is  made  up  of 
pebbles  of  limestone  of  all  sizes  and  shapes.  The  plateau-like  mass,  ex- 
tending west  from  the  Salt  River  Mountains  north  of  Glacier  Creek, 
'  appears  to  have  been  the  northern  limit  of  the  lake  in  which  the  con- 
glomerate was  deposited,  as  no  remnants  were  seen  in  the  upper  valley. 

The  strike  of  the  beds  in  the  plateau  of  t&e  cafion  appears  to  be  a 
few  degrees  west  of  north.  At  the  head  of  the  canon  the  river  is  a 
little  west  of  the  anticlinal  axis  which,  I  think,  crosses  the  river  some 
distance  below.  The  river  from  here  has  a  direct  northern  course  to  its 
mouth.  The  influence  of  the  strike  of  the  beds  in  these  hills  is  seen  in 
the  creeks  in  the  upper  valley  coming  in  on  the  east  side.  These  are 
Wagner  Creek  and  Bed  Creek. 

Wagner  Creek  is  formed  by  two  branches,  which  join  near  the  mouth. 
The  southern  branch  is  the  largest.  It  drains  the  country  north  and 
west  of  Mount  Wagner.  Its  extreme  sources  are  in  the  very  centre 
of  the  range,  the  geology  of  which  has  already  been  given.  The  north- 
ern branch  heads  on  the  western  slopes  of  the  mountains.  As  these 
creeks  emerge  from  the  foot-hills  they  are  flowing  about  due  west,  but 
they  soon  turn  and  flow  northwest. 

Red  Creek  is  a  few  miles  north  of  Wagner  Creek.  Its  sources  are  in 
the  red  beds  of  the  synclinal  depression  east  of  Station  58.  Collecting 
water  from  north  and  south  it  flows  slightly  south  of  west  in  deep  cafion 
for  six  or  seven  miles.  Immediately  on  leaving  the  foot-hills  it  turns  to 
the  northward  and  flows  northward  and  westward  to  its  mouth,  which  is 
between  the  mouths  of  Clear  Creek  and  Crow  Creek.  In  this  portion 
of  the  valley  there  is  considerable  swamp  and  marsh,  and  the  under- 
lying  beds  are  covered  with  drift. 

Clear  Creek  rises  east  and  north  of  Station  58,  in  a  ragged  portion  of 
the  range.  It  cuts  its  way  out  in  a  deep  and  almost  inaccessible  cation. 
Its  course  in  the  valley  is  straighter  than  that  of  Red  Creek,  and  more 
nearly  westward. 

Traces  of  old  beds  for  these  creeks  can  l>e  seen  in  the  valley. 

Slwshone  Creek,  as  we  have  already  noted,  cuts  through  the  plateau. 
Its  head  is  approximately  parallel  to  that  of  Glacier  Creek.  The  stream 
was  not  followed  but  simply  crossed  near  the  mouth,  where  its  course  is 
about  due  west.  Nearly  all  these  streams  have  fringes  of  willows  and 
a  few  cotton  woods  on  their  banks. 

Glacier  Creek. — This  creek  was  named  from  the  two  glacier-like  mdlses 
noted  on  two  of  its  sources.  These  have  already  been  described.  This 
creek  is  the  one  the  Indian  trail  from  John  Day's  River  follows  to  the 
valley  of  Salt  River.  The  caiion  is  very  rough,  and  the  trail  rather  dif- 
ficult. We  were  obliged  to  cut  out  the  brush  at  several  places.  It  is 
also  very  rocky,  especially  below  the  point  where  the  creek  turns  to  the 
eastwaid.  Its  head  is  on  the  line  of  the  anticlinal  that  marks  the  east- 
ern crest  of  the  Salt  River  Range.  Following  this  line  on  the  line  of  a 
probable  fault,  for  about  four  miles,  the  creek  turns  to  westward  across 
the  abrupt  anticlinal  already  described.  It  is  here  that  the  canon  is 
roughest,  and  the  creek  descends  most  rapidly.  From  this  point  it 
crosses  a  broad  synclinal  of  Carboniferous  limestones,  from  the  centre  of 
which  veiy  little  has  been  eroded.  Finally,  the  anticlinal  forming  the 
west  side  of  the  range  is  crossed,  and  outside  abutting  against  these 
limestones  is  the  Salt  River  Conglomerate  as  I  have  named  it.  The  trail 
crosses  over  this  on  the  north  side  of  the  creek.    The  change  from  the 
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snowbanks  at  the  head  of  the  creek,  and  the  gloom  of  the  canon,  to  the 
grassy  valley,  broad  and  sunny,  was  a  startling  one.  In  the  valley  there 
is  a  straggling  growth  of  cottonwoods  along  the  creek,  the  spaces  being 
filled  with  willows  and  other  brush.  The  creek  flows  rapidly,  and  its 
bed  is  very  rocky,  without  any  bordering  grassy  meadows. 

Between  Glacier  Creek  and  Strawberry  Creek  the  valley  is  broad  and 
level. 

Strawberry  Creek  rises  south  of  Station  57,  and  is  the  only  creek  that 
reaches  Salt  Eiver  in  this  part  of  the  valley.  A  number  of  creeks  come 
out  from  the  mountains  but  sink  before  they  reach  the  river.  From  the 
hills  a  number  of  old  creek-beds  can  be  distinctly  traced  by  the  line  of 
cottonwoods,  most  of  which  are  dead,  the  withdrawal  of  the  water  hav- 
ing killed  them.  On  the  west  side  of  this  lower  valley  of  Salt  Eiver  a 
large  number  of  small  streams  come  from  the  hills  to  the  westward,  but 
none  of  them  were  visited.  The  strata  composing  the  hills  are  evidently 
the  same  as  those  outcropping  farther  south  on  Crow  Creek  and  Beaver 
Creek,  but  the  area  between  Smoking  Creek  and  Salt  Eiver  was  not 
traversed  by  us,  so  that  nothing  definite  can  be  said  regarding  its  geo- 
logical features.  Mr.  St.  John  made  a  section  across  a  portion  of  the 
region  north  of  this,  and  this  section  indicates  the  rocks  to  be  similar  to 
those  noted  in  Salt  River  Canon  at  the  lower  end  of  the  upper  valley. 

In  the  upper  valley  there  are  two  large  creeks  joining  Salt  Eiver  from 
the  west?  viz,  Crow  Creek  and  Smoking  Creek.  Crow  Creek  is  joined 
a  few  miles  above  its  mouth  by  Beaver  Creek. 

Beaver  Creek. — Beaver  Creek  rises  in  the  low,  rounded  hills  east  of 
the  head  of  Crow  Creek  and  north  of  the  divide  between  Crow  Creek 
and  the  branches  of  Thomas's  Fork  of  Bear  Eiver.  At  the  head  there  is 
a  marshy  valley  with  a  north  and  south  direction.  The  stream  here 
flows  a  little  east  of  south.  This  valley  marks  an  anticlinal.  The  few 
outcrops  that  can  l>e  seen  in  the  hills  on  the  west  side  of  this  valley  in- 
dicate a  western  dip,  while  on  the  east  side  the  rocks  are  dipping  east 
in  a  ridge  extending  northwest  and  southeast.  East  of  this  is  a  second 
ridge  with  dips  in  the  same  direction.  The  beds  are  coarse  conglomer- 
ates, sandstone  and  limestone  pebbles  being  included.  On  a  third  ridge 
a  location  was  made  on  a  coarse  conglomerate  containing  pebbles  of 
limestone,  quartzite,  and  red  sandstone  of  all  sizes  and  shapes.  The 
beds  are  pink  and  reddish  in  color  and  are  probably  the  northern  con- 
tinuation of  similar  beds  seen  on  Thomas's  Fork  north  of  Station  41. 

The  station  just  referred  to  is  near  the  line  of  a  synclinal  axis,  for  on  a 
station  just  north  and  a  little  east  we  have  the  conglomerates  dipping 
west ;  and  east  of  Beaver  Creek  here  is  probably  an  anticlinal  in  the  gray 
sandstones.  At  the  second  location  just  mentioned  we  have  the  follow- 
ing beds,  showing : 

Section  No.  17£. 

1.  Gray  sandstones  outcropping  on  both  sides  of  Beaver  Creek. 

2.  Greenish-gray  sandstones  forming  a  hogback-like  ridge. 

3.  Reddish  sandstones  and  conglomerates. 

4.  Coarse  conglomerates  of  the  location. 

South  of  these  two  locations,  Beaver  Creek  flows  towards  the  east 
until  gradually  it  begins  to  turn  northward,  and  flows  northward  in  a 
monoclinal  of  gray  sandstones.  It  Anally  cuts  across  an  anticlinal  to 
its  mouth.  This  anticlinal  is  probably  the  anticlinal  of  station  41  with 
the  beds  of  the  station  removed.  The  divide  south  of  the  locations  was 
so  high  that  they  could  not  be  traced  between  the  points.    Pattix^ 
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down  bath  strikes  on  the  map,  it  seems  probable  that  they  oonneet  ths 
two  localites. 

Owo  Credc. — Grow  Creek  rises  opposite  the  head  of  Preuss  Greek. 
It  receives  its  water  mainly  from  the  eastern  side  of  the  Preoss  Bangs. 
In  this  portion  of  its  course  the  creak  flows  northward.  The  range  on 
the  west  is  composed  of  Carboniferous  limestones  in  almost  vertical 
position,  dipping  about  80°  or  85°  to  the  eastward.  On  the  east  side  of 
the  creek  occur  the  beds  that  have  been  noted  on  Beaver  Greek.  The 
relation  between  them  and  the  limestones  of  the  range  could  not  be  de- 
termined. I  think  that  between  Beaver  Creek  and  Grow  Creek  there  is 
a  synclinal  and  perhaps  an  anticlinal.  On  receiving  a  large  branch  from 
the  Preuss  Bange,  Grow  Creek  turns  eastward,  and  soon  crosses  the  anti- 
clinal of  the  head  of  Beaver  Creek.  A  few  miles  below,  two  creeks  come 
in  nearly  opposite  each  other.  The  one  from  the  south  occupies  the 
synclinal  noted  at  the  two  locations  made  in  the  bend  of  Beaver  Creek. 
Between  this  point  and  the  valley  of  Salt  River  there  are  two  antkflinah 
and  a  broad  synclinal.  The  eastern  anticlinal  forms  a  rounded  hiD 
feeing  Salt  River  Valley.  It  is  composed  of  greenish-gray  sandstone^ 
The  section  from  this  hill  to  the  beds  of  the  central  portion  of  the  anti- 
clinal is  the  following : 

8edion  Xo.  18. 

1.  Greenish-gnty  sandstones  with  bands  of  shale. 

2.  Purplish  and  reddish  sandstones. 

3.  Conglomerates. 

4.  Bed  sandstones. 
&  Gray  shales. 

The  red  sandstones,  No.  4,  and  conglomerates,  No.  3,  are  probably  the 
same  as  noted  on  Beaver  Creek. 

On  the  north  branch  of  Crow  Creek  the  conglomerates  dip  eastward 
on  the  east  side.  On  this  creek,  near  the  main  stream,  there  are  remnants 
of  old  spring  deposits  forming  dams  of  calcareous  tufa  across  the  creek. 
The  beds  on  the  west  side  dip  west.  On  a  station  at  the  south  end  of  the 
ridge,  Mr.  Mushback  observed  limestones,  probably  Carboniferous;  and 
on  a  station  north  of  this,  but  probably  east  of  the  axis  line  of  the  ridge, 
Mr.  Gannett  noted  sandstones,  but  of  what  age  I  could  not  determine. 

The  valley  on  this  branch  of  Crow  Creek  is  broad  and  well  grassed. 
A  number  of  small  branches  come  in  from  the  west. 

Smoking  Creek. — This  is  the  only  large  branch  of  Salt  River  not  yet 
described.  It  drains  the  country  north  of  Crow  Creek,  and  consists  of 
two  principal  branches,  one  coming  from  the  north  having  its  sources 
opposite  those  of  the  Blackfoot  River,  and  the  second  coming  from  the 
south  through  a  broad  valley  similar  to  the  one  on  the  branch  of  Crow 
Creek  last  described.  When  these  two  streams  unite  the  direction  is 
changed  to  east,  and  the  stream  formed  forces  its  way  to  Salt  River 
through  a  canon  cut  in  low  rolling  hills.  It  is  in  this  region  that  the 
salt  beds  occur,  from  which  Salt  River  derives  its  name.  On  the  west 
side  of  Salt  River,  below  the  mouth  of  Smoking  Fork,  there  are  salt  flats, 
and  where  the  two  branches  of  the  latter  stream  unite  above  the  canon 
there  are  numerous  salt  springs.  Here  is  where  the  old  salt  works  were 
located,  at  the  point  where  the  old  Lander  road  crosses  the  creek. 

In  the  bluff  east  of  this  place  red  and  gray  sandstones  are  seen  dip- 
ping eastward.    The  reddish  beds  are  below,  and  seem  to  be  the  ones 
from  which  the  salt  is  derived.    Farther  east  an  anticlinal  fold  was  seen.   « 
This  region  was  not  thoroughly  explored,  as  time  did  not  permit  our 
going  through  these  hills.    The  evident  structure,  however,  is  a  series 
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erf  gentle  folds  in  the  gray  and  reddish  sandstones  and  conglomerates 
noted  farther  south.  North  of  our  district  the  beds  occur  also;  and  were 
doubtfully  referred  to  the  Cretaceous  by  Mr.  St.  John.  We  did  not  find 
any  fossils  in  them,  and  cannot,  therefore,  refer  them  positively  to  that 
age  in  our  district.  The  salt  works  are  situated  on  the  North  Branch  a 
mile  or  two  above  the  junction  of  the  streams.  The  company  is  termed 
the  Oneida  Salt  Works  Company,  operated  by  B.  F.  White,  of  Malade 
City,  Idaho. 

The  following  information  was  obtained  from  Mr.  G.  W.  Gordon,  who 
was  in  charge  when  we  passed  the  works :  There  are  several  springs, 
but  only  one  was  being  used.  No  pumping  is  required,  but  the  water 
is  run  through  wooden  troughs  into  three  vats.  Two  hundred  thousand 
pounds  per  month  was  the  yield,  at  an  expense  of  about  $20  per  day. 
The  force  working  was  ten  men,  a  portion  being  employed  in  cutting 
wood  in  the  adjacent  hills.  This  force  would  be  reduced  to  five  men 
after  the  wood  was  cut.  At  the  works  the  salt  was  sold  for  1J  cents  per 
pound.  When  delivered  by  the  company  the  price,  of  course,  is  depend- 
ent on  the  distance  from  the  springs  and  the  mode  of  sacking.  The 
principal  market  for  the  salt  was  Idaho  and  Montana,  large  quantities 
being  sent  to  the  mining  regions.  The  wagon  road  (Lander's  cut-off) 
passes  the  works  and  follows  up  the  creek  from  which  it  crosses  to  the 
head  of  the  main  Blackfoot. 

At  the  head  of  Smoking  Creek  we  made  two  stations  (Nos.  63  and  64). 

On  Station  63  gray  sandstones  outcrop,  dipping  steeply  to  the  east- 
ward or  northeastward,  and  a  short  distance  south  on  the  ridge  they 
dip  steeply  to  the  west.  Above  them  are  red  sandstones,  also  dipping 
west  or  southwest.  On  Station  64  the  dip  is  west,  SO  at  Station  63  there 
is  evidently  an  overturn.  Below  the  stations  is  a  steep  bluff,  facing  the 
northeast.  Reddish  beds  outcrop  at  the  foot  of  the  bluff,  and  there  ap- 
pear to  be  salt  springs  along  its  edge.  Between  the  stations  and  the 
wagon  road  are  shaly  limestones,  dipping  southwest.  Above  them  are 
coarse  conglomeratic  sandstones.  These  beds  have  the  appearance  of 
Jurassic  strata,  but  no  fossils  were  found  to  prove  it.  Following  down 
the  ridge  from  Station  64  the  strike  appears  to  curve  to  westward  and 
southward.  On  Station  67,  which  is  between  the  Blackfoot  and  the 
head  of  Smoking  Creek,  there  is  a  dip  to  the  northeast,  so  between  Sta- 
tions 63  and  64  and  Station  67  there  must  be  a  synclinal.  On  the  latter, 
the  beds,  as  seen  from  a  distance,  and  from  descriptions  given  by  those 
who  were  on  the  station,  must  be  the  Triassic  red  sandstones.  There 
has  been  some  crushing  and  folding  in  this  region,  but  we  could  not 
spare  the  time  to  investigate  it.  Farther  south  on  the  ridge  the  dip  in 
the  sandstones  (at  Station  62)  is  also  toward  the  east,  but  the  inclination 
appears  to  be  more  gentle  than  it  is  to  the  northward.  The  range,  there- 
fore, is  a  monoclinal  as  we  view  it  from  the  west,  but  toward  the  east 
there  is  a  broad  synclinal.  The  strike  of  the  beds  appears  to  curve  from 
east  of  south  to  south  and  west  of  south  as  we  follow  the  ridge  south- 
ward toward  Crow  Creek. 

These  folds  will  be  referred  to  again  when  describing  the  Blackfoot. 
as  they  are  developed  between  the  branches  of  that  stream  which  head 
in  the  spurs  of  the  Preuss  Mountains. 

We  have  therefore  seen  that  the  country  between  the  Salt  Biver 
Bango  and  the  Blackfoot  is  filled  with  gently-folded  rocks,  forming  com- 
paratively low,  rounded  hills.  The  rocks,  especially  those  west  of  Salt 
Biver,  seem  to  indicate  deposition  in  rather  shallow  seas.  A  fault  ap- 
pears to  extend  along  the  western  side  of  the  Salt  Biver  Bange^  whii<& 
the  relations  between  the  faulted  beds  and  the  Prewsa  ltex\££  «£*>  ^s^ 
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apparent  Toward  the  north  there  is  considerable  complication.  The 
cause  of  some  of  this  complication  is,  perhaps,  to  be  fraud  in  Mr.  St 
John's  district  in  the  uplift  of  OariboQ  Mountain. 

After  the  elevation  and  folding  of  the  beds,  a  lake  filled  the  lower 
valley  of  Salt  River.  Since  the  draining  of  this  lake  its  deposits  hav* 
nearly  all  been  removed.  As  to  its  age,  we  have  no  certain  cine.  The 
probability  is  that  it  was  Post  Pliocene. 

As  to  the  age  of  the  conglomerates,  red  sandstones,  and  gray  and 
greenish  shales  which  enter  into  the  structure  of  the  hills  on  Crow, 
Beaver,  and  Smoking  Creeks,  we  are  in  doubt;  bat  the  probability  is 
that  they  represent  tie  Cretaceous  and  Post  Cretaceous,  Ifaar  Station 
41  Laramie  fossils  were  obtained;  and  Mr.  St  John  obtained  a  leaf  of 
Cretaceous  fecies  farther  north  from  the  similar  beds. 

BLACKFOOT  BASIN. 

Blackfoot  Biver  is  a  large  stream  with  a  most  eccentric  course.  The 
main  stream  heads  oppositetheheads  of  Smoking  Creek.  Curving  around 
the  dividing  ridge  which  separates  them,  it  Aowb  south  into  the  northern 
portion  of  lie  valley  of  the  East  Fork  of  the  Blackfoot  When  the  lat- 
ter stream  joins  it,  it  turns  abruptly  and  forces  its  way  inacafionacross 
the  ridge  that  forms  the  western  boundary  of  the  valley,  flowing  south- 
west until  the  South  Fork  comes  in,  when  it  turns  to  the  northwest, 
keeping  that  course  until  it  is  joined  by  a  branch  trom  the  north,  when 
it  flows  westward  into  the  broad  plain-like  valley  which  has  been  called 
the  Hollow  Hand.  Through  this  it  flows  sluggishly  with  northerly  and 
northwesterly  courses  to  the  north  line  of  our  district  Here  it  tuns 
once  more,  flowing  south  of  west,  and  finally  leaving  our  district  with  a 
northwest  course  among  the  spurs  of  the  Blackfoot  Bange.  The  most 
noticeable  feature  of  the  Blackfoot  region  is  the  basin-like  character  of 
the  country.  Hitherto  we  have  crossed  a  succession  of  mountain  ranges 
alternating  with  broad  valleys  whose  directions  are  parallel  to  the  axes 
of  the  ranges.  Now,  however,  the  valleys  assume  different  directions. 
The  only  regularity  or  system  is  seen  in  the  southern  or  southeastern 
branches,  which  rise  in  the  spurs  of  the  Preuss  Range.  I  shall  take  up 
these  in  order. 

East  Fork  of  the  Blackfoot. — This  creek  is,  in  reality,  the  head  of  the 
river,  although  its  course  is  at  right  angles  to  the  course  taken  below  its 
mouth,  while  the  stream  from  the  north  does  not  make  so  abrupt  an 
angle. 

The  direction  of  the  valley  is  northwest  Viewed  from  a  high  point, 
it  is  seen  to  be  the  same  as  the  direction  of  the  valley  of  Smoking  Greek 
and  that  of  the  South  Fork  of  the  Blackfoot  It  is  about  a  mile  in 
width  in  the  widest  portion  of  the  upper  valley.  This  narrows  a  little 
as  we  go  down,  but  widens  again,  until  in  the  lower  valley  it  is  between 
two  and  three  miles.  Here  there  is  considerable  swamp  and  marshy 
ground,  and  the  streams  are  divided,  enclosing  islands.  On  the  north 
side  of  the  Blackfoot,  near  the  mouth  of  the  East  Fork,  there  is  a  table 
of  basalt,  which  extends  down  the  river  as  far  as  the  head  of  the  caftan. 
The  valley  of  the  East  Fork  was  not  followed,  but,  as  seen  from  the 
surrounding  ridges  and  hills,  its  beds  must  be  concealed.  On  the  east 
side  is  the  ridge  forming  the  divide  on  the  west  of  Smoking  Creek.  Bed 
sandstones,  probably  Triassicf,  outcrop  at  the  top  of  the  somewhat 
bluffy  face  fronting  East  Fork.  Carboniferous  limestones,  probably, 
outcrop  in  the  lower  part  of  the  bluff.  The  dip  of  the  beds  is  to  the 
eastward,  and  the  same  dip  is  noted  in  the  ridge  on  the  west,  so  the 
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valley  is  a  monoclinal  valley.  The  ridge  on  the  west  side  is  the  north- 
ern continuation  of  the  Prenss  Range.  The  cafion  of  the  Blackfoot 
marks  a  point  of  curving  in  the  strike.  The  cafion  is  cut  in  the  western 
portion  of  the  ridge,  and  the  limestones  through  which  it  is  cut  dip  to 
the  southwest.  Following  the  ridge  to  the  south,  the  strike  is  seen 
curving  to  the  south.  A  station  was  made  on  the  ridge  nearly  opposite 
the  head  of  the  East  Fork.  Light-colored  limestones  formed  the  sum- 
mit, with  underlying  quartzites.    In  the  limestones  I  obtained — 

Hemipronites  crenistria. 
Bhombopora  lepidodendroides. 
Productus,  like  P.  costatus. 

These  proves  their  Carboniferous  age.  The  beds  dip  steeply  to  the 
northeast.  The  hills  just  east  were  too  high  for  us  to  see  definitely  the 
geological  structure  in  that  direction,  apd  it  was  storming  too  hard  to 
allow  us  to  follow  the  ridge  northward  from  the  station.  As  seen  from 
the  valley  on  the  west,  the  northern  portion  of  the  ridge  has  the  strata 
t  dipping  west.  This  dip  also  is  seen  in  the  cailon  of  the  Blackfoot,  as 
already  noted.  Another  station  (b)  was  made  six  miles  farther  south, 
on  coarse,  arenaceous  limestones,  the  strike  being  a  few  degrees  east  of 
north,  and  the  dip  a  few  degrees  north  of  west.  Between  the  two  sta- 
tions (a  and  b)  there  must,  therefore,  be  a  curve  in  the  strike. 

It  is  evident,  from  what  was  observed,  that  this  ridge  is  a  sharp  anti- 
clinal, with  a  slip  in  the  beds  on  the  west  side,  as  indicated  in  the  accom- 
panying illustration  of  the  section.  The  western  side  of  the  ridge  is  a 
bluff  face,  rising  1,200  feet  to  2,000  feet  above  the  valley.  It  increases 
in  elevation  southward.  In  the  southern  end  of  the  range  the  western 
members  of  the  anticlinal  form  the  principal  mass  of  mountains.  On 
Station  61  the  limestones  are  nearly  vertical,  dipping  a  little  north  and 
west.  Station  60  is  a  short  distance  south  and  west  of  Station  61,  and 
there  the  limestones  dip  steeply  to  the  westward.  From  the  latter  sta- 
tion Mr.  Gannett  brought  in  an  indistinct  fragment  of  a  fenestellat. 
South  of  Station  60  the  topographical  features  indicate  that  there  may 
be  a  curving  of  the  beds  to  the  eastward,  implying  some  connection 
between  the  Prenss  Range  and  the  Sublette  Range.  The  region  between 
the  two  was,  however,  not  visited,  and  this  opinion  is  therefore  merely 
conjectural.  I  have  considered  the  Preuss  Range  at  this  place  because 
it  has  seemed  the  most  natural,  as  the  ridge  west  of  the  East  Fork  of  the 
Blackfoot  is  its  northern  continuation.  I  shall  speak  of  it  again  when 
^peaking  of  the  drainage  of  Bear  River. 

Middle  Creek. — This  name  I  have  applied  to  the  stream  coming  into 
the  river  between  the  East  Fork  and  the  South  Fork.  The  stream  is 
small  and  unimportant,  but  the  valley  or  depression  is  a  large  one,  and 
continues  southward  beyond  the  head  of  the  creek  parallel  to  the  high 
ridge  which  rises  above  its  eastern  side.  The  valley  is  parallel  to  those 
of  the  East  and  South  Forks.  Its  length  is  about  14  miles  altogether,  £ 
while  Middle  Creek  has  a  length  of  about  6J  miles.  In  the  upper  por- 
tion of  the  valley  is  a  creek  having  approximately  the  direction  of  Mid- 
dle Creek.  Seen  from  any  of  the  surrounding  points  it  appears  to  be 
the  same  stream,  but  when  followed  is  seen  to  cut  across  the  western  r  f^ 
ridge  to  the  South  Fork  of  the  Blackfoot.  f      ^ 

This  upper  valley  was  perfectly  dry  when  we  traveled  up  it  about  the  L-V 
middle  of  August.    North  of  it  is  another  creek  which  rises  against  the 
bluffy  wall  on  the  east  side  of  the  valley  and  flows  directly  across  the 
ridge  parallel  to  the  creek  just  described.    From  this  stream  a  range  of 
low  hills  extends  northwestward  to  the  Blackfoot.    This  range  is  a  syn- 
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clinal  with  the  western  side  most  prominent.  The  valley  of  Middle 
Creek  is  therefore  a  monoclinal.  About  two  miles  south  of  the  most 
northern  of  the  two  creeks  that  cut  through  the  ridge  a  station  wad 
located.  Gray  sandstones  dipping  rather  steeply  to  the  northeast  formed 
the  summit.  Below  these,  near  the  base  of  the  hill  on  the  west  side,  waa 
an  outcrop  of  limestones  dipping  in  the  same  direction,  and  containing 
the  following  fossils : 

Meekoceras  aplanatum* 

Meekoccras  gracilitatis. 

Aviculopecten  altus. 

These  prove  the  beds  to  be  of  probable  Triassic  age.  The  outcrops 
are  few  and  somewhat  obscure,  as  the  hills  are  rounded  in*their  outline. 

The  axis  of  the  synclinal  lies  to  the  eastward  of  the  line  of  the  ridge. 
To  the  southward  the  hills  disappear  and  the  synclinal  cannot  be  defi- 
nitely traced.  There  are  traces  of  a  synclinal  west  of  station  ft,  which 
may  be  the  same  one,  but  its  relations  are  obscure. 

South  Fork  of  the  Blackfoot — This  is  probably  the  most  important 
branch  of  the  river.  It  is  made  up  of  two  creeks,  one  rising  in  the  angle 
between  the  Preuss  Range  and  Aspen  Bidge,  opposite  the  head  of  Twin 
Creek,  and  the  other  draining  the  western  slope  of  Aspen  Bidge.  The 
two  valleys  are  in  general  parallel,  and  are  separated  by  a  spur  from 
Aspen  Bidge,  which  is  probably  an  anticlinal  axis.  The  western  branch, 
about  eight  miles  below  its  head,  turns  to  the  eastward  and  cuts  acroe 
this  ridge  to  join  the  eastern  branch.  Directly  north  from  the  bend,  and 
continuing  the  line  of  the  valley,  is  a  small  branch  of  the  Blackfoot 
separated  from  this  stream  by  a  low  divide. 

The  main  branch  has  a  length  of  some  15  miles.  For  the  most  part  its 
valley  is  broad  and  well  grassed.  Two  of  its  branches,  as  we  have  already 
noted,  come  from  the  eastward  through  the  ridge  that  bounds  the  valley 
on  the  east.  On  the  west  side  of  the  valley  below  the  mouth  of  the  west- 
ern branch  the  beds  exposed  in  the  bluff  dip  north  of  east,  and  in  the 
divide  east  of  Station  89  the  dip  is  south  of  west,  so  between  the  two 
points  there  must  be  an  anticlinal,  which  is  probably  the  same  as  that  in 
the  hills  separating  the  two  branches  of  the  South  Fork.  The  western 
branch  probably  occupies  the  anticlinal  axis  just  before  it  cuts  across  to 
join  the  eastern  branch.  The  rocks  are  probably  all  Jura-Triassic.  In 
the  valley  of  the  Blackfoot  opposite  the  mouth  of  the  South  Fork  there 
are  isolated  patches  of  basalt  showing  on  the  north  side  of  the  river.  I 
could  not  determine  the  presence  of  basalt  on  the  south  side,  and  it  pro- 
bably does  not  occur  on  that  side  of  the  river. 

Aspen  Ridge. — This  ridge  forms  the  divide  between  the  South  Fork  of 
the  Blackfoot  and  Bear  Biver.  It  is  a  spur  from  the  Preuss  Bange.  Its 
trend  at  first  is  about  northwest,  but  as  it  is  followed  it  turns  slightly  to 
the  northward.  It  is  about  24  miles  in  length.  The  southern  end  near 
the  Preuss  Bange  is  heavily  timbered  and  the  geological  structure  some- 
what obscured.  There  are  probably  two  anticlinal  folds  between  the 
Preuss  Bange  and  the  valley  of  Bear  Biver,'  the  western  one  is  probably 
considerably  eroded. 

On  Station  90  there  are  sandstones  and  limestones  outcropping  con- 
taining Ostrca  strlgulecula  and  obscure  Jurassic  forms.  These  beds  are 
so  covered  that  the  dip  cannot  be  determined,  but  on  the  hill  west  of  the 
station  it  is  south  of  west,  or  west,,  and  in  the  caOon  leading  down  from 
the  station  to  the  Sulphur  Springs  the  dip  is,  in  general,  west.  Near  the 
foot  of  the  cation,  however,  we  cross  limestones  with  a  strike  of  north 
7°  east.    Before  reaching  this  point  the  beds  are  dipping  west  about 50°. 
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clinal  with  the  western  side  most  prominent.  The  valley  of  Middle 
Creek  is  therefore  a  monoclinal.  About  two  miles  south  of  the  most 
northern  of  the  two  creeks  that  cat  through  the  ridge  a  station  in 
located.  Gray  sandstones  dipping  rather  steely  to  the  northeast  farmed 
the  summit  Below  these,  near  the  base  of  the  hill  on  the  west  side,  was 
an  outcrop  of  limestones  dipping  in  the  same  direction,  and  containing 
the  following  fossils : 

Meekooeraa  aplarutium. 

Meelcoceras  graoilitatis. 

Avicuhpeoten  altus. 

These  prove  the  beds  to  be  of  probable  Triassic  age.  The  outcrops 
are  few  and  somewhat  obscure,  as  the  hills  are  rounded  in*their  outline. 

Hie  axis  of  the  synclinal  lies  to  the  eastward  of  the  line  of  the  ridge. 
To  the  southward  the  hills  disappear  and  the  synclinal  cannot  be  defi- 
nitely traced.  There  are  traces  of  a  synclinal  west  of  station  ft,  which 
may  be  the  same  one,  but  its  relations  are  obscure. 

South  Fork  of  the  Blackfoot.— This  is  probably  the  most  important 
branch  of  the  river.  It  is  made  up  of  two  creeks,  one  rising  in  the  angle 
between  the  PreussBange  and  Aspen  Ridge,  opposite  the  head  of  Twin 
Creek,  and  the  other  draining  the  western  dope  of  Aspen  Ridge.  Ths 
two  valleys  are  in  general  parallel,  and  are  separated  oy  a  spur  from 
AspenBrage,whkhisproroblyanaiKtidinala^  •  The  western  branch, 
about  eight  miles  below  its  head,  turns  to  the  eastward  and  cats  aeros 
this  ridse  to  join  the  eastern  branch.  Directly  north  from  the  bend,  and 
continuing  the  line  of  the  valley,  is  a  small  branch  of  the  Blackfoot 
separated  from  this  stream  by  a  low  divide. 

The  main  branch  has  a  length  of  some  15  miles.  For  the  most  part  Us 
valley  is  broad  and  well  grassed.  Two  of  its  branches,  as  we  have  already 
noted,  come  from  the  eastward  through  the  ridge  that  bounds  the  valley 
on  the  east  On  the  west  side  of  the  valley  below  the  mouth  of  the  west- 
ern branch  the  beds  exposed  in  the  bluff  dip  north  of  east,  and  in  the 
divide  east  of  Station  89  the  dip  is  south  of  west,  so  between  the  two 
points  there  must  be  an  anticlinal,  which  is  probably  the  same  as  that  in 
the  hills  separating  the  two  branches  of  the  South  Fork.  The  western 
branch  probably  occupies  the  anticlinal  axis  just  before  it  cuts  across  to 
join  the  eastern  branch.  The  rocks  are  probably  all  Jura-Triassic.  In 
the  valley  of  the  Blackfoot  opposite  the  mouth  of  the  South  Fork  there 
are  isolated  patches  of  basalt  showing  on  the  north  side  of  the  river.  I 
could  not  determine  the  presence  of  basalt  on  the  south  side,  and  it  pro- 
bably does  not  occur  on  that  side  of  the  river. 

Aspen  Ridge. — This  ridge  forms  the  divide  between  the  South  Fork  of 
the  Blackfoot  and  Bear  River.  It  is  a  spur  from  the  Preuss  Range,  Its 
trend  at  first  is  about  northwest,  but  as  it  is  followed  it  turns  slightly  to 
m  the  northward.  It  is  about  24  miles  in  length.  The  southern  end  near 
*  the  Preuss  Range  is  heavily  timbered  and  the  geological  structure  some- 
what obscured.  There  are  probably  two  anticlinal  folds  between  the 
Preuss  Range  and  the  valley  of  Bear  River  j  the  western  one  is  probably 
considerably  eroded. 

On  Station  90  there  are  sandstones  and  limestones  outcropping  con- 
taining  Ostrea  strigulecula  and  obscure  Jurassic  forms.  These  beds  are 
so  covered  that  the  dip  cannot  be  determined,  but  on  the  hill  west  of  the 
station  it  is  south  of  west,  or  west,,  and  in  the  cahon  leading  down  from 
the  station  to  the  Sulphur  Springs  the  dip  is,  in  general,  west  Near  the 
foot  of  the  caiion,  however,  we  cross  limestones  with  a  strike  of  north 
7°  east.    Before  reaching  this  point  the  beds  are  dipping  west  about  50°. 
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is  increases  to  80°,  and  we  cross  a  synclinal  axis,  the  west  side  of 
rich  dips  south  of  east  50°  to  60°.  The  beds  in  which  these  strikes 
d  dips  were  observed  were  massive  limestones,  probably  Carbonif- 
>us.  The  strikes  continued  southward  would  fall  on  the  hills  west  of 
sar  Elver.  It  seems  probable  that  a  short  distance  north  of  this  canon 
&  beginning  of  a  secondary  anticlinal  might  be  found. 
On  Station  89,  sandstones  and  limestones,  like  those  of  Station  90, 
terop,  and  contain  similar  indistinct  fossils.  The  dip,  however,  is 
rth  42°  east,  or  at  right  angles  to  the  trend  of  the  range  from  this 
int  to  the  Blackfoot.  West  of  the  station  it  is  difficult  to  determine 
e  dip,  but  it  appears  to  be  toward  the  southwest.  If  this  be  so,  the 
ition  is  almost  on  the  line  of  an  anticlinal  fold,  and  Station  90  is  also 
obablyon  the  same  line.  East  of  Station  89  *  a  westward  dip  was 
ted. 

South  of  Station  90  the  ridge  presents  a  somewhat  bluff  face  toward 
d  valley  of  the  South  Fork  of  the  Blackfoot,  and  the  dip  is  probably 
the  southwest,  but  of  this  I  cannot  be  certain,  although  the  bluff  face 
mid  seem  to  indicate  it.  At  the  northern  end  of  the  ridge  Mr.  Gan- 
tt  found  a  capping  of  basalt  500  or  600  feet  above  the  level  of  the 
lley.  Limestones  outcropped  beneath  the  basalt. 
Reviewing  this  region  of  the  southern  branches  of  the  Blackfoot,  we 
d  it  to  consist  topographically  of  four  wide  valleys  and  four  ridges  or 
ors  from  the  Preuss  Bange.  The  crests  of  the  most  eastern  and  the 
)fit  western  are  separated  by  an  interval  of  about  eleven  miles.  The 
Ige  on  the  west  is  8,448  feet  high  in  the  highest  part,  and  that  on  the 
st  8,879  feet.  The  two  ridges  between  are  low  and  present  rounded 
tlines,  and  the  valleys  are  broad  and  well  grassed. 
Geologically  we  find  a  series  of  anticlinal  and  synclinal  folds.  The 
•earns  sometimes  occupy  the  axes  of  the  folds,  and  sometimes  are  in  •■• 
>noclinals.  There  are  at  least  three  anticlinal  axes  that  are  parallel, 
.ving  the  general  direction  northwest  and  southeast.  These  are  sepa- 
ted  by  corresponding  synclinals.  In  the  eastern  anticlinal  there  is  a 
p  in  the  beds,  as  shown  in  the  accompanying  plate,  which  gives  a  bet- 
r  idea  of  the  structure  of  this  region  than  can,  perhaps,  be  given  in 
>rds. 

Another  thing  that  is  noticed  is  the  gradual  curving  in  the  strata, 
rikes  which  farther  south  are  approximately  north  and  south  now 
rve  to  the  westward,  until  by  the  time  our  north  line  is  reached  the 
rike  is  northwest  and  southeast.  The  cause  of  this  change  may,  per- 
bps,  be  looked  for  in  the  uplift  of  the  Teton  Bange  in  Mr.  St.  John's 
strict. 

With  exception  of  the  northern  end  of  the  Preuss  Bange,  the  rocks 
e  mainly  those  of  the  Jura-Trias,  as  determined  by  the  few  and  indistinct 
eciinens  secured.  On  the  west  side  of  Aspen  Eidge  a  limited  outcrop 
Carboniferous  appears,  the  massive  limestones  occurring  there  having 
en  so  referred  on  lithological  grounds. 

Toward  the  south  the  low  rolling  ridges  culminate  in  the  rugged  peaks 
the  Preuss  Bange,  much  narrower,  but  attaining  a  greater  height. 
:>rth ward  we  find  them  dying  out,  and  forming  isolated  hills  and  short 
nges  in  a  basin-like  region,  the  lower  places  being  filled  with  basaltic 
rws  and  drift  deposits. 

This  region  would  form  a  most  excellent  summer  range  for  cattle.  It 
a  little  high  for  general  agricultural  purposes. 

Northern  branches  of  the  Blackfoot. — There  are  two  good-sized  creeks 
mng  their  origin  in  the  hills  south  of  John  Gray's  Lake.    T\*s>m<ssfc» 
stern  of  these  has  a  southeasterly  course.    It  Yu&&&  rnxo^a  oil  ^oa»r 
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Triassic  age,  south  of  Station  66  and  its  entire  coarse  is  probably  in  rock* 
Ofthe  same  age.  Near  its  mouth  red  sandstones  outcrop,  dipping  at  right 
Angles  to  the  coarse  of  the  river  $<•«.,  to  the  northeast.  North  of  thia 
stream  two  small  and  unimportant  creeks  flow  into  the  Biackfoot.  Wert 
of  it  there  are  two  more,  one  joining  above  the  caflon  and  the  other  below; 
Then  we  reach  the  strewn  that  comes  from  Station  65  and  flows  aootfc- 
wardly  into  the  Biackfoot,  joining  it  opposite  the  northern  end  of  Asm* 
Bidge.  The  region  between  these  two  principal  creeks  is  eroded  mte 
ridges  composed  of  Jora-Triassio  and  Oarbonimroas  rooks,  the  oonUnu»« 
tion  of  those  between  the  southern  branches  of  the  river.  Only  two  sta- 
tions were  made  in  this  region,  vis,  jnos.  65  and  66.  They  were  located  <m 
the  ridge  sonth  of  John  Gray's  Lake.  Station  66  is  near  the  north  end  of 
the  ridge  on  limestones  with  a  strike  of  south  33°  east,  dipping  at  a* 
angle  of  55°.  The  strike  carves  to  the  eastward  at  the  southern  end  of 
the  ridge,  making  an  acute  angle  with  the  trend.  Above  the  limestones 
there  are  quartettes,  and  above  the  latter  very  dark  bine  limestones.  The 
lower  limestones  are  probably  the  upper  part  of  the  Carboniferous.  Ifc 
them  at  several  places  I  noted  the  occurrence  of  oval  ooncretion-lfei 
masses  arranged  in  concentric  rings.  I  am  inclined  to  regard  them  is 
fossil  remains  rather  than  conCTetions,  as  I  noticed  a  number  of  thsa 
branching.    They  appear  to  cross  the  lines  of  stratification. 

The  following  genital  section  was  made  in  which  the  thicknesses  sb» 
only  estimated : 

Station  2To.  19. 

Base.  Itafc 

1.  Massive  limestones  outcropping  on  Station  66.    Could  not  trace  the  beds 

below  angle  of  d*p  66° 

2.  White  qnartiite * 

3.  Dark  bine  limestone  J 

inish  laminated  sandstones 


i  sandstones  and  limestone  shales  alternating 

7.  Limestones  outcropping  on  Station  66 

8.  Alternating  limestones  and  shales  outcropping  in  ridge  running  south  V  1,000—%- 

from  Station  66 


..      860 

I  i,oo* 


Total  4, 

In  stratum  'So.  5  the  following  fossils  were  obtained : 

MeeJcoceras*  gracilitatis,  White. 
Meekoceras  mushbachanuSj  White. 
Arcestest  cirratuSj  White. 
Arc€8tesy  two  species. 

Eumicrotis  curia.  Hall. 

•    * 

In  2sb.  C  three  or  four  undetermined  conchifera  and  a  new  species 
Aviculopecten  were  found. 
In  Xo.  7  the  following : 

JEumicrotia  curta,  Hall. 
Aviculopecten  idahoensis,  Meek. 

And  in  So.  8,  near  the  top: 

Terebratula  aemiaimjrtex,  White. 
Terebratula  augusta.  Hall. 
Aviculopecten  idahoensis,  Meek. 
OerviUia  and  undetermined  conchifera. 

The  discussion  of  the  age  of  these  beds  is  left  to  a  future  chapter. 
The  ridge  presents  the  appearance  of  a  monochnal  as  do  all  the 

•  The  genus  Meekooeras  is  a  new  one  established  by  Prof.  &.  Hyatt.    (8ee 
U.  S.  Geol.  Survey,  vol.  v,  No.  1,  1879,  p.  111.) 
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lated  ridges  in  this  region.  In  the  low  hills  east  of  the  head  of  the 
creek  draining  into  John  Gray's  Lake,  dips  to  the  west  and  northwest 
are  seen,  with  what  appears  to  be  a  curving  in  the  strata  towards  the 
south  and  west,  as  if  it  were  connected  with  the  curving  noted  on  the 
ridge  of  Station  00.  Then;  is  here,  therefore,  evidently  the  southern 
end  of  an  anticlinal.  Only  a  small  j>ortion  of  the  eastern  side  is  appar- 
ent here.  It  consists  of  Jura-Trias  sandstones  in  which  occur  a  number 
of  indistinct  fossils,  among  which  a  Tancredia  was  all  that  could  be 
identified.  The  western  members  of  the  anticlinal  therefore  form  the 
ridge.  Northwest  of  this  ridge  on  the  west  side  of  the  lake,  in  Mr.  St. 
John's  district,  is  another  isolated  ridge.  In  this  the  eastern  members 
form  the  ridge.  Between  the  two  ridges  there  is  probably  a  slight  curv- 
ing in  the  axis.  West  of  this  ridge  is  another,  seen  by  us  only  from 
Stations  05  and  00.  It  is  broader  but  appears  to  show  the  same  niono- 
clinal  structure,  although  it  is  in  reality  the  western  side  of  another 
anticlinal.  Northwest  of  this  is  another  isolated  ridge  in  Mr.  St.  John's 
district,  composed  mainly  of  Carboniferous  beds,  a  small  area  of  Jura- 
Trias  showing  on  the  east  side.  On  the  west  .side  of  the  Blackfoot  is 
still  another  of  these  isolated  mountain  ridges  on  which  Station  70  was 
located.  Thi  s  will  be  referred  to  again  further  on.  There  can  be  no  doubt 
that  these  beds  are  the  same  that  are  exposed  south  of  the  Blackfoot,  and 
that  these  isolated  hills  and  ridges  are  the  eroded  remnants  of  the  anticli- 
nalstbat  form  the  ridges  between  the  southern  branches  of  the  Blackfoot. 
The  surrounding  valleys  are  tilled  with  basalt  which  extends  up  on  the 
Banks  of  the  ridges.  This  basalt  occupies  also  the  valley  of  John 
Bray's  Lake.  The  region  southeast  of  John  Gray's  Lake  is  occupied  by 
rocks  of  Cretaeeous!  and  Jurassic  age.  There  is  considerable  compli- 
cation in  the  region  just  northeast,  which  made  it  difficult  to  determine 
the  age  and  relations  of  these  beds  in  the  hurried  examination  we  were 
obliged  to  make.  Mr.  St.  John's  report  on  the  region  immediately  north 
will  throw  considerable  light  on  the  structure  of  this  region,  as  the  canse 
of  the  disturbance  lies  within  his  district. 

Went  side  of  Blackfoot  River. — When  the  Blackfoot  emerges  from  the 
ridges  and  comes  out  into  the  broad  open  valley,  or  "Hollow  Hand,"  as 
it  has  been  called,  it  flows  in  sluggish  course  tlirough  broad  meadows 
and  marshes.  On  both  sides  are  seen  the  edges  of  the  basaltic  plain 
that  forms  the  u  Hollow  Hand."  On  the  east  side  of  the  Blackfoot  the 
flow  appears  to  have  come  mainly  from  a  point  about  five  miles  back  of 
the  river.  Here  two  crater-like  hills  were  seen.  Near  the  north  line  of 
the  district  another  crater  was  observed. 

Southwest  of  the  Blackfoot  there  are  at  least  two  craters.  On  one  of 
these  a  station  was  located.  It  is  circular  and  rises  about  500  feet  above 
the  surrounding  surface.  On  the  summit  is  a  circular  concavity  130 
yards  in  dialnetcr.  It  is  from  10  to  20  feet  deep,  and  the  rim  is  about 
oO  feet  in  width  and  made  up  of  black,  red,  and  yello*  scoriaceous 
basalt.  Basalt  surrounds  the  cone,  and  on  the  east  side  seems  to  have 
an.  inclination  away  from  the  cone  in  a  succession  of  layers.  On  the 
west  this  is  not  noticed,  as  the  other  cone  is  only  a  little  more  than  two 
miles  distant.  The  latter  is  not  so  regular,  its  sides  appearing  to  be 
much  broken  down. 

AlKMit  four  miles  southeast  of  these  two  cones  a  station  was  made  on 
a  high  buttc  which,  judging  from  the  specimens  brought  in  by  Mr.  Mush- 
back,  is  either  a  crater  or  the  remnant  of  one.  The  scoriaceous  rocks 
from  the  summit  were  all  light  colored,  having  a  glassy  appearance 
under  low-power  glasses. 

Scoriaceous  rock  is  found  on  the  basalts  at  several  places,  and  a  vol- 
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canic  a«h  occurs  with  it  on  the  Blackfoot.  Between  the  huttes  north  of 
the  station  is  a  circular  depression  occupied  by  a  lake.  It  alew  has  the 
appearance  of  an  old  crater.  • 

The  Great  Basalt  Plain  ejrteuds  westward  to  the  east  base  of  the  Soda 
aprings  Hills,  and  a  flow  of  basalt,  passes  through  a  depression  in  them 
to  Basalt  Valley,  where  it  form*  the  plain  between  the  Upper  Portnenf 
Valley  and  Gentile  Valley,  on  Bear  Biver.  The  gap  throogh  widen  the 
basalt  poured  is  southwest of  the  craters.  H  ia  es*  thimigb  Oarboaif*-- 
ous  limestones  and  is  only  about  a  mile  in  widths -;  Southward  the  tow 
extended  via  Soda  Springs  Valley  into  the  valley  cf-Bear  Bhw,  coamect- 
in  g  along  that  stream  with  the  Basalt  Valley  flow. 

7k"  '  ■'  '--■■'    -  "ebaaaltintf 


Then  is  no  drainage  outlined  on  the  basalt  in  toe  basin  of  ton  Black- 
foot. All  the  streams  in  this  region  sink  beneath  the  crust.  A  few 
streams  are  seen  to  begin  on  the  basalt,  bnt  they  can  be  traced  only  a 
short  distance,  when  they  disappear.  There  have  probably  been  eerveral 
outpourings  of  basalt,  bat  odr  Braited  time  did  not  permit  ns  to  follow 
the  succession  of  toe  rooks  sufficiently  to  determine  them. 

North  or  a  little  west  of  north  from,  the  volcanic  casters  is  a  groapof 
hills  occupying  an  area  of  about  18  square  miles.  On  tne  highest  point 
of  this  group  Station  70  was  located  on  an  outcrop  of  nmestone,  beneath 
,  which  were  sandstones  similar  to  thoeeof  StetionsSe  and  90.  ,  The  out- 
crops were  obscure,  bnt  the  dip  appeared  to  be  to  tan  west  or  sooth- 
west.  The  angle  maid  not  be  determined.  On  the  ridge  leading  down 
northward  from  the  station,  a  dip  in  the  opposite  direction  was  noted. 
These  hills  are,  therefore,  a  remnant  of  an  anticlinal  axis,  the  western 
members  of  which  form  the  major  part  of  the  elevation.  On  the  Black 
foot,  about  five  miles  northwest  of  Station  70,  the  northeastern  dip  is 


seen  again  in  the  canon  wall,  a  point  of  the  sedhnentaries  rising  shore 
the  basalt,  limestones  and  shales  outcropping.  On  the  north  side  of  the 
river  this  anticlinal  rises  into  a  high  ridge  that  continues  northwestward 
into  Mr.  St.  John's  district.  The  line  of  the  strike  of  the  beds  here 
and  those  of  Station  70,  when  prolonged,  falls  on  Aspen  Kidge.  There 
is  therefore  every  probability  that  it  is  the  same  fold.  Basalt  coven 
the  country  surrounding  the  hills  of  Station  70.  It  is  generally  desti- 
tute of  timber.  Sometimes  a  few  aspens  and  low  brush  are  seen  on 
some  of  the  creeks.  The  limestones  on  Station  70  contain  numerous 
specimens  of  Terebratula  augusta.  The  sandstones  below  are  filled  with  an 
Aticulopecten,  among  which,  probably,  two  new  species  exist.  The  bed!! 
are  all  undoubtedly  of  Jurassic  or  Triiusic  age. 

Lander's  road  crosses  the  Blackfoot  almost  on  our  north  line.  The 
river  here  is  broad  and  very  sluggish  and  full  of  vegetation.  The  croat- 
ings  are  few  and  generally  muddy.  Below  the  crossing  of  the  road  tlte 
river  turns  abruptly  and  flows  southwest  into  a  canon,  the  walls  of  which 
are  principally  basalt.  On  the  south,  as  I  have  already  noted,  lime- 
stones and  shales  outcrop  at  one  locality.  The  basalt  is  horizontal,  and 
appears  to  follow  the  canon  of  the  river  a  long  way  to  the  northward. 

In  the  caiion,  a  short  distance  below  the  outcrop  of  limestones,  there 
are  calcareous  spring  deposits.  Only  one  active  spring  was  noted,  with 
very  little  water  escaping.  The  temperature  at  7  a.  m,  was  82°  F.,  the 
air  being  at  55°  F.  On  tasting  the  water  the  presence  of  carbonic  acid 
gas  and  iron  was  recognized.  The  deposits  were  calcareous  as  far  as 
seen. 

Between  the  head  of  the  Portneuf  and  the  Blackfoot,  outcrops  of  light- 
colored  sandstones  and  conglomerates  were  noted,  appearing  to  occupy 
a  basin  which  extends  northward  into  Mr.  St.  John's  district,  and  which 
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time,  however,  there  were  disturbances  which  isolated  portions  of  the 
lake.  Considerable  disturbance  was  noted  in  the  1'lioeene  beds  north 
and  south  of  this  locality,  and  will  be  noted  in  other  places. 

Upper  Portneuf  Canon. — As  has  already  been  stated,  the  Portneuf 
enters  the  canon  flowing  south.     It  is  parallel  to  the  strike  of  the 
quartzites  that  outcrop  here,  and  probably  is  on  the  line  of  an  anticlinal 
axis  forming  the  high  part  of  the  range  south  of  the  caiion,  ad  the  hills 
west  of  Basalt  Valley  show  eastward  dips.    At  the  head  of  the  canon 
the  basaltic  tlow  comes  to  the  river,  and  continues  through  to  Marsh 
Creek  Valley.     It  is,  however,  frequently  covered  by  the  local  drift 
As  the  river  enters  the  canon  it  is  flowing  south,  but  it  curves  a  1 
eastward  as  it  approaches  the  l>eud.    Above  the  bend,  on  the  west- 
white  sandstones  show,  probably  of  Pliocene  age.    In  the  angle  st; 
a. high  butte  of  limestone,  probably  the  remnant  of  an  anticlinal  ri 
Below  the  bend  the  basalt  shows  more  plainly,  and  on  the  south  si* 
tunnel  has  been  cut  into  the  side  of  the  hill  which  shows  two  layei 
basalt  separated  by  a  sandy  layer  containing  rounded  bowlders, 
along  this  portion  of  the  river  there  is  a  great  abundance  of  calcar- 
tufa  which  extends  out  into  the  river,  often  forming  dams  which  c 
numerous  waterfalls  from  5  to  20  feet  in  height.    In  this  part  of 
canon  also,  as  we  proceed  down  it,  the  basalt  is  seen  outcropping 
on  one  side  and  again  on  the  other,  but  it  probably  underlies  the  v 
valley.    As  the  river  emerges  from  the  canon  it  is  seen  on  both  si 
but  a  short  distance  below  it  is  found  only  on  the  west  side  extent 
westward  to  Marsh  Creek.    The  descent  of  the  river  from  the  mom 
the  caiion  to  the  bend  at  the  mouth  of  Marsh  Creek  is  quite  rapid, 
the  basalt  forms  a  rapidly  increasing  bluff  on  the  west  side.    On 
east  side,  a  few  miles  below  the  bend,  an  outcrop  of  lake  beds  contai 
fresh-water  forms  (Planorbis,  &c),  allied  to  existing  forms,  was  n< 
There  are  also  isolated  outcroppings  of  limestones  and  shales, 
probable  that  the  lake  beds  just  noted  once  covered  the  entire  sui 
but  have  been  eroded  away.    The  drift  from  the  hills  has  covered 
beds  so  that  diiliculty  is  experienced  in  trying  to  determine  their  < 
relations.    The  basalt  ridge  breaks  off  before  the  mouth  of  Marsh  C 
is  reached,  and  the  angle  between  the.  mouth  of  Marsh  ('reek  and  the  J 
neuf  has  an  isolated  hill  400  or  500  feet  high,  in  which  limestones  out < 
North  of  the  bend  yellow,  purplish,  and  gray  quartzites  and  shales 
crop,  inclining  at  high  angles,  indicating  the  presence  of  an  antic 
axis.     This  is  probably  the  same  axis  noted  just  south  of  the  hei 
the  I'ortncuf,  which  will  be described  under  tlie  head  of  Marsh  Ci 
The  centre  of  the  anticlinal  appears  to  be  composed  of  dark  drab  si. 
either  Cambrian  (Lower  Silurian)  or  lluronian.    Above  the  slate- 
purple-  and   gray  (jiiartzites.      A   short  distance  beyond,  the  dip 
changed  and  is  again  to  the  northeast;  and  we  cross  a  great  thick         J 
of  quartzites  and  slates.     These  beds  are  exposed  in  the  section  of 
tion  70,  and  will  be  described  under  the  head  of  the  Kalmuck  Us:  ./. 
They  form  an  anticlinal  ridge,  across  which  the  river  cuts  to  the  Snakf 
Jliver  plains.     The  basalt  ends  in  several  tables  before  this  anticlinal 
is  crossed,  but  it  appears  again  below  at  a  lower  level.     Whether  the 
mm  live  is  the  same  for  both  it  is  impossible  to  say.     The  lower  out- 
crop  appears  to  be  connected  with  the  llow  of  the  basalt  in  the  Snako 
IJiver  plains.     In  this  portion  of  the  valley,  also,  white  sandstones  make 
I  heir  appearance  on  the  Hanks  of  the  hills  outside  of  the  basalt.     They 
resemble  those  seen  at  the  upper  part  of  the  Marsh  Creek  Valley,  but 
whether  or  not  thc\  are  the  same  beds  1  am  unable  to  sav.     1  am  inclined 
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time,  however,  there  were  disturbances  which  isolated  portions  of  the 
lake.  Considerable  disturbance  was  noted  in  the  Pliocene  beds  north 
and  south  of  this  locality,  and  will  be  noted  in  other  places. 

Upper  Portneuf  Canon. — As  has  already  been  stated,  the  Portneuf 
enters  the  canon  flowing  south.  It  is  parallel  to  the  strike  of  the 
quartzites  that  outcrop  here,  and  probably  is  on  the  line  of  an  anticlinal 
axis  forming  the  high  part  of  the  range  south  of  the  canon,  as  the  hills 
west  of  Basalt  Valley  show  eastwanl  dips.  At  the  head  of  the  canon 
the  basaltic  flow  comes  to  the  river,  and  continues  through  to  Marsh 
('reek  Valley.  It  is,  however,  frequently  covered  by  the  local  drift. 
As  the  river  enters  the  canon  it  is  flowing  south,  but  it  curves  a  little 
eastward,  as  it  approaches  the  bend.  Above  the  bend,  on  the  west  side, 
white  sandstones  show,  probably  of  Pliocene  age.  In  the  angle  stands 
a, high  butte  of  limestone,  probably  the  remnant  of  an  anticlinal  ridge. 
Below  the  bend  the  basalt  shows  more  plainly,  and  on  the  south  side  a 
tunnel  has  been  cut  into  the  side  of  the  hill  which  shows  two  layers  of 
basalt  separated  by  a  sandy  layer  containing  rounded  bowlders.  All 
along  this  portion  of  the  river  there  is  a  great  abundance  of  calcareous 
tufa  which  extends  out  into  the  river,  often  forming  dams  which  cause 
numerous  waterfalls  from  5  to  20  feet  in  height.  In  this  part  of  the 
canon  also,  as  we  proceed  down  it,  the  basalt  is  seen  outcropping  now 
on  one  side  aud  again  on  the  other,  but  it  probably  underlies  the  whole 
valley.  As  the  river  emerges  from  the  canon  it  is  seen  on  both  sides, 
but  a  short  distance  below  it  is  found  only  on  the  west  side  extending 
westward  to  Marsh  Creek.  The  descent  of  the  river  from  the  mouth  of 
the  canon  to  the  bend  at  the  mouth  of  Marsh  Creek  is  quite  rapid,  and 
the  basalt  forms  a  rapidly  increasing  bluff  on  the  west  side.  On  the 
east  side,  a  few  miles  below  the  bend,  an  outcrop  of  lake  beds  containing 
fresh-water  forms  (PlanorbiSj  &c),  allied  to  existing  forms,  was  noted. 
There  are  also  isolated  outcroppings  of  limestones  and  shales.  It  is* 
probable  that  the  lake  beds  just  noted  once  covered  the  entire  surface, 
but  have  been  eroded  away.  The  drift  from  the  hills  has  covered  the 
beds  so  that  difficulty  is  experienced  in  trying  to  determine  their  exact 
relations.  The  basalt  ridge  breaks  off  before  the  mouth  of  Marsh  Creek 
is  reached,  and  the  angle  between  the  mouth  of  Marsh  Creek  and  the  Port- 
neuf has  an  isolated  hill  400  or  500  feet  high,  in  which  limestones  outcrop. 
North  of  the  bend  yellow,  purplish,  and  gray  quartzites  and  shales  out- 
crop, inclining  at  high  angles,  indicating  the  presence  of  an  anticlinal 
axis.  This  is  probably  the  same  axis  noted  just  south  of  the  bend  of 
the  Portneuf,  which  will  be  described  under  the  head  of  Marsh  Creek. 
The  centre  of  the  anticlinal  appears  to  be  composed  of  dark  drab  slates, 
either  Cambrian  (Lower  Silurian)  or  Huronian.  Above  the  slates  are 
purple  and  gray  quartzites.  A  short  distance  beyond,  the  dip  has 
ehauged  and  is  again  to  the  northeast;  and  we  cross  a  great  thickness 
of  quartzites  and  slates.  These  beds  are  exposed  in  the  section  of  Sta- 
tion 70,  and  will  be  described  under  the  head  of  the  Iluunnck  Kangi\ 
They  form  an  anticlinal  ridge,  across  which  the  river  cuts  to  the  Snake 
Uiver  plains.  The  basalt  ends  in  several  lables  before  this  anticlinal 
is  crossed,  but  it  appears  again  below  at  a  lower  level.  Whether  the 
source  is  the  same  lor  both  it  is  impossible  to  say.  The  lower  out- 
crop appears  to  be  connected  with  the  tlow  of  the  basalt  in  the  Snake 
1  fiver  plains.  In  this  portion  of  the  valley,  also,  white  sandstones  make 
their  appearance*  on  the  Hanks  of  the  hills  outside  of  the  basalt.  They 
resemble  those  seen  at  the  upper  part  of  the  Marsh  Creek  Valley,  hut 
whether  or  not  they  are  the  same  beds  T  am  unable  to  saw     I  am  inclined 
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to  consider  them  as  older — probably  Pliocene.  They  are  disturbed,  dip- 
ping to  the  northwest  at  an  angle  of  from  25°  to  30°.  The  terraces, 
as  Professor  Bradley  says,  show  no  evidences  of  any  local  disturbances. 
I  am  inclined  to  think  that  the  gap  in  the  Bannack  Eange,  which  sep- 
arates Marsh  Creek  Valley  from  the  valleys  to  the  westward,  marks  the 
point  where  the  great  lake  filling  the  valleys  to  the  southward  had  its 
outlet.  One  of  the  two  antielinals  formed  the  barrier  which  separated 
the  southern  lake  from  the  lake  that  filled  the  Snake  Eiver  plains.  After 
the  barrier  was  worn  away  the  canon  was  the  bed  of  a  great  river  whose 
head  was  at  Red  Rock  Gap,  the  lake  occupying  Marsh  Creek  Valley 
having  been  completely  drained.  This  river  seems  to  have  removed  the 
late  deposits  in  the  canon  probably  on  account  of  its  more  rapid  flow  in 
this  portion  of  its  course.    This  subject  will  be  referred  to  again. 

Lower  Valley  of  the  Portneuf. — As  the  valley  south  of  the  canon  prop- 
erly belongs  to  the'upper  end  of  Marsh  Creek  Valley,  I  shall  take  it  up 
there.  Below  the  caiion  it  merges  gradually  into  the  Snake  River  plain. 
Basalt  here,  as  we  have  seen,  appears  to  have  spread  from  the  Snake 
River  plain  up  the  valley  of  the  river. 

MARSH  CREEK. 

This  stream  is  the  principal  branch  of  the  Portneuf,  and  the  only  one 
that  will  receive  a  special  consideration  here.  It  is  a  small,  sluggish 
stream,  flowing  in  a  muddy  channel  with  swampy  banks,  back  of  which 
are  broad  meadows.  The  valley  at  its  head  is  about  a  mile  in  width  on 
the  immediate  stream ;  this  increases  to  four  or  five  miles  as  we  descend, 
and  again  decreases  as  its  mouth  is  approached.  Outside  of  this  imme- 
diate bottom,  bounded  by  the  terraces,  the  valley  is  from  ten  to  twelve 
miles  in  width  above  the  mouth  of  the  Portneuf  Canon.  Below  this 
point  it  decreases  to  about  four  miles  between  the  bounding  ranges. 
This  valley  is  underlaid  by  lake  deposits  covered  with  gravel  and  drift 
from  the  surrounding  mountains.  The  sources  of  Marsh  Creek  are 
in  the  southern  end  of  the  Bannack  Range,  in  the  northern  part  of  the 
Malade  Range,  and  in  the  southern  end  of  the  Portneuf  Range.  The  ex- 
treme head  in  the  latter  is  opposite  a  branch  of  the  Portneuf  that  joins 
the  river  in  the  caiion.  This  branch  of  Marsh  Creek  flows  south,  cutting 
through  white  friable  sandstones,  that  are  almost  horizontal  in  position- 
At  Red  Rock  Gap  it  turns  abruptly  westward,  and  flows  to  the  northwest 
through  Red  Rock  Gap.  The  latter  is  a  pass  between  two  masses  of 
limestone  that  outcrop  from  beneath  the  modern  sandstones.  The  East 
Rock  is  the  most  prominent  and  rises  280  feet  above  the  creek.  •  South 
of  the  pass  the  divide  between  Marsh  Creek  and  the  waters  of  Bear 
River  is  a  swamp,  in  which  it  is  difficult  to  tell  which  way  the  water  goes. 
From  Red  Rock  Gap,  Marsh  Creek  flows  northwestward  in  a  broad,  rather 
marshy  valley,  bordered  by  terraces  cut  in  the  sandstones  that  fill  Marsh 
Creek  Valley.  There  are  three  of  these  terraces — the  lowest  50  feet  high, 
the  second  150  feet,  and  the  highest  rising  about  300  feet  above  the 
creek.  When  the  creek  reaches  the  western  side  of  the  valley  it  turns 
northward,  bending  somewhat  toward  the  east  and  joining  the  Portneuf 
about  24  miles  north  of  the  bend.  In  all  this  course  the  descent  of  the 
stream  is  very  slight.  The  descent  from  Red  Rock  Gap  to  a  point  26 
miles  farther  north,  as  the  creek  is  followed,  averages  only  1.07  feet  per 
mile.  In  the  bordering  terraces  the  sandstones  underlying  are  seldom 
exposed,  being  covered  with  alluvium  and  drift.  The  first  thought  on 
seeing  these  terraces  is,  that  once  a  large  stream  must  have  carved 
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them.    This  was  recognized  by  Professor  Bradley  in  1872.    In  Mb  re- 
port for  that  year  he  says  (p.  203): 

These  terraces  are  very  strongly  marked  through  the  whole  length  of  this  TsUey ; 
and  an  upper  one  is  readily  identified,  though  not  so  prominent,  at  the  level  of  about 
1,000  feet  above  the  stream.  They  are  on  too  large  a  scale,  and  the  valley  is  too  wide 
to  have  resulted  from  merely  the  drainage  of  the  small  area  of  mountains  about  the 
head  of  the  stream,  and  I  am  strongly  of  the  opinion  that  this  must  have  been  at  one 
time  the  channel  for  a  large  outflow  from  the  Great  Basin. 

Mr.  Gilbert  has  in  several  places  stated  that  this  pass  is  the  ancient 
outlet  of  Lake  Bonneville. 

In  an  article  in  the  American  Journal  of  Science  and  Arts  (voL  xv, 
June,  1878,  p.  439)  I  stated  my  belief  that  it  was  the  outlet  of  a  lake 
having  a  lower  level  than  Lake  Bonneville,  as  the  shore-line  of  Lake 
Bonneville  as  indicated  by  the  Bonneville  Beach  is  about  100  feet  higher 
than  the  top  of  the  pass.  The  level  of  the  Provo  Beach  indicates  it  to 
have  been  the  lake  drained  by  the  river  which  cut  the  terraces  in  the 
deposits  of  Marsh  Greek  Valley.  I  shall,  however,  have  to  defer  the  far- 
ther consideration  of  this  to  a  subsequent  chapter. 

Several  terrace  lines  can  be  traced  as  continuous  from  Cache  Valley 
into  Marsh  Greek  Valley  south  of  the  pass.  One  of  these  is  very  high, 
and  on  the  east  side  of  Marsh  Creek  Valley,  south  of  the  exit  of  the 
Portnenf,  this  high  terrace  is  quite  distinct.  Its  level  is  above  the  general 
level  of  the  valley.  This  is  probably  the  same  indicated  by  Professor 
Bradley  in  the  extract  quoted  above.  It  marks  in  its  outcrops  the  anti- 
clinal that  is  seen  north  of  the  bend  of  the  Portnenf,  Evidences  of  it  tie 
seen  also  at  Bod  Bock  Gap.  On  the  west  side  white  quartzites  out- 
crop dipping  west,  and  on  the  east  side  above  these  quartzites  are  dark- 
blue  limestones  (probably  of  Quebec  age). 

The  general  elevation  of  Marsh  Valley  ranges  from  5,000  in  the  middle 
to  about  5,140  feet  at  the  sides.    The  southern  edge  of  the  basalt  is  not 
reached  until  we  get  within  about  four  or  five  miles  of  the  exit  of  the 
Portnenf  from  the  caiion.    Here  it  appears  to  have  its  least  thickness. 
It  increases  as  we  descend,  showing  that,  previous  to  its  outpouring,  the 
valley  sloped  to  the  northward.    This  is  indicated  also  by  the  shape  of 
its  surface.    The  top  of  the  basalt  is  lower  in  level  than  the  top  of  the 
lake  deposits  on  the  west,  showing  that  they  were  eroded  partially,  at 
least,  before  the  basalt  was  poured  but.    No  basalt  is  found  on  the  west 
side  of  Marsh  Creek.    It  seems,  therefore,  that  the  pouring  out  of  the 
basalt  crowded  the  large  stream  which  then  occupied  the  \rolley  to  the 
west  side  and  forced  it  to  excavate  its  valley  from  the  soft  beds  of  the 
west  side  along  the  westedge  of  the  basalt.  'Marsh  Creek  and  the  Portnenf 
probably  once  united  at  a  point  just  west  of  the  exit  of  the  latter.    When 
the  basalt  was  poured  down  the  caiion  it  naturally  took  the  channel 
formed  by  these  two  streams,  as  it  was  the  lowest  portion  of  the  valley. 
The  river  occupying  Marsh  Creek  Valley  was  probably  too  large  to  be 
entirely  obstructed  by  the  basalt  which  must  have  been  somewhat 
cooled  at  this  distance  from  its  source.    That  it  was  partially  obstructed 
is  probable  from  the  fact  that  a  large  bay-like  valley  is  now  found  just 
above  the  southern  limit  of  the  basalt.    !No  beds  are  exposed  below  the 
basalt,  which  seems  to  imply  that  little  erosion  has  taken  place  since  its 
pouring  out.    This  could  certainly  be  predicated  did  we  know  that  the 
bottom  of  the  basaltic  bluff  is  the  lowest  part  of  the  basalt    The  basalt, 
however,  was  certainly  poured  out  after  the  draining  of  the  lake  that  oc- 
cupied Marsh  Valley  and  before  the  complete  draining  of  the  lake  whose 
barrier  was  at  Red  Kock  Gap.    There  is  plenty  of  room  for  more  study 
in  this  region* 
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them.    This  was  recognized  by  Professor  Bradley  in  1872.    In  his  re- 
port  for  that  year  he  says  (p.  203)  : 

These  terraces  are  Terr  strongly  marked  through  the  whole  length  of  this  valley ; 
and  an  upper  one  is  readily  identified,  though  not  so  prominent,  at  the  level  of  about 
1,000  feet  above  the  stream.  They  are  on  too  large  a  scale,  and  the  valley  is  too  wide 
to  have  resulted  from  merely  the  drainage  of  the  small  area  of  mountains  about  the 
head  of  the  stream,  and  I  am  strongly  of  the  opinion  that  this  must  have  been  at  one 
time  the  channel  for  a  large  outflow  from  the  Great  Basin. 

Mr.  Gilbert  has  in  several  places  stated  that  this  pass  is  the  ancient 
outlet  of  Lake  Bonneville. 

In  an  article  in  the  American  Journal  of  Science  and  Arts  (vol.  xv, 
June,  1878,  p.  439)  I  stated  my  belief  that  it  was  the  outlet  of  a  lake 
having  a  lower  level  than  Lake  Bonneville,  as  the  shore-line  of  Lake 
Bonneville  as  indicated  by  the  Bonneville  Beach  is  about  100  feet  higher 
than  the  top  of  the  pass.  The  level  of  the  Provo  Beach  indicates  it  to 
have  been  the  lake  drained  by  the  river  which  cut  the  terraces  in  the 
deposits  of  Marsh  Creek  Valley.  I  shall,  however,  have  to  defer  the  far- 
ther consideration  of  this  to  a  subsequent  chapter. 

Several  terrace  lines  can  be  traced  as  continuous  from  Cache  Valley 
into  Marsh  Creek  Valley  south  of  the  pass.  One  of  these  is  very  high, 
and  on  the  east  side  of  Marsh  Creek  Valley,  south  of  the  exit  of  the 
Portneuf,  this  high  terrace  is  quite  distinct.  Its  level  is  above  the  general 
level  of  the  valley.  This  is  probably  the  same  indicated  by  Professor 
Bradley  in  the  extract  quoted  above.  It  marks  in  its  outcrops  the  anti- 
clinal that  is  seen  north  of  the  bend  of  the  Portneuf.  Evidences  of  it  are 
seen  also  at  Bed  Bock  Gap.  On  the  west  side  white  quartzites  out- 
crop dipping  west,  and  on  the  east  side  above  these  quartzites  are  dark- 
blue  limestones  (probably  of  Quebec  age). 

The  general  elevation  of  Marsh  Valley  ranges  from  5,000  in  the  middle 
to  about  5,140  feet  at  the  sides.  The  southern  edge  of  the  basalt  is  not 
reached  until  we  get  within  about  four  or  five  miles  of  the  exit  of  the 
Portneuf  from  the  canon.  Here  it  appears  to  have  its  least  thickness. 
It  increases  as  we  descend,  showing  that,  previous  to  its  outpouring,  the 
valley  sloped  to  the  northward.  This  is  indicated  also  by  the  shape  of 
its  surface.  The  top  of  the  basalt  is  lower  in  level  than  the  top  of  the 
lake  deposits  on  the  west,  showing  that  they  were  eroded  partially,  at 
least,  before  the  basalt  was  poured  out.  No  basalt  is  found  on  the  Vest 
side  of  Marsh  Creek.  It  seems,  therefore,  that  the  pouring  out  of  the 
basalt  crowded  the  largo  stream  which  then  occupied  the  valley  to  the 
west  side  and  forced  it  to  excavate  its  valley  from  the  soft  beds  of  the 
west  side  along  the  westedge  of  the  basalt.  'Marsh  Creek  and  the  Portneuf 
probably  once  united  at  a  point  just  west  of  the  exit  of  the  latter.  When 
the  basalt  was  poured  down  the  caiion  it  naturally  took  the  channel 
formed  by  these  two  streams,  as  it  was  the  lowest  portion  of  the  valley. 
The  river  occupying  Marsh  Creek  Valley  was  probably  too  hirge  to  be 
entirely  obstructed  by  the  basalt  which  must  have  been  somewhat 
cooled  at  this  distance  from  its  source.  That  it  was  partially  obstructed 
is  probable  from  the  fact  that  a  large  bay-like  valley  is  now  found  just 
above  the  southern  limit  of  the  basalt.  Xo  beds  are  exposed  below  the 
basalt,  which  seems  to  imply  that  little  erosion  has  taken  place  since  its 
pouring  out.  This  could  certainly  be  predicated  did  we  know  that  the 
bottom  of  the  basaltic  bluff  is  the  lowest  part  of  the  basalt.  The  basalt, 
however,  was  certainly  poured  out  after  the  draining  of  the  lake  that  oc- 
cupied Marsh  Valley  and  before  the  complete  draining  of  the  lake  whose 
barrier  was  at  Bed'  Bock  Gap.  There  is  plenty  of  room  for  more  study 
in  this  region* 
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The  descent  of  the  Portneuf  to  the  mouth  of  Marsh  Creek  is  much  more 
rapid  than  the  descent  of  Marsh  Creek.  The  bed  of  the  former  was  prob- 
ably raised  by  the  basalt,  and  it  was  obliged  to  cut  a  new  bed  on  the 
east  side  of  the  valley  to  join  Marsh  Creek  at  the  narrower  portion  of 
the  valley. 

As  to  the  age  of  the  beds,  all  that  can  be  said  at  present  is  little.  Fos- 
sils were  obtained  from  them  on  the  Portneuf  in  1871,  but  they  were  forma 
that  might  be  of  very  late  Tertiary  age  or  of  Quaternary  age,  being  un- 
distinguishable  from  existing  forms.  We  have  seen  that  the  beds  have 
not  been  disturbed  since  their  deposition.  They  are  older  than  the  depos- 
its found  in  the  centre  of  Cache  Valley  on  Bear  Eiver,  and  they  differ  in 
character  from  the  disturbed  Pliocene  beds  that  are  found  in  Cache 
Valley  and  in  Malade  Valley,  and  are  evidently  more  modern.  I  believe 
they  were  deposited  in  the  same  lake  that  occupied  this  valley,  Cache 
Valley,  Salt  Lake  Valley,  and  the  valley  of  the  Upper  Portneuf,  and  of 
Bear  Lake  Valley.  When  the  Marsh  Creek  portion  of  the  lake  was 
drained  the  deposition  of  sediments  continued  in  Cache  Valley,  covering 
the  deposits  of  the  same  age  as  those  in  Maxsh  Creek  Valley  wherever 
the  lake  extended. 

PORTNEUF  RANGE. 

The  Portneuf  Eange  extends  southward  from  Ross  Fork  between  the 
Upper  Portneuf  Valley  and  the  Lower  Portneuf  Valley,  to  the  cafion  of 
the  Portneuf,  which  is  at  right  angles  to  the  trend  of  the  range.  This 
constitutes  the  northern  portion  of  the  range,  which  is  naturally  divided 
fr  mi  the  southern.  The  latter  extends  south  from  the  Portneuf  Canon 
t'*  the  northern  end  of  Cache  Valley,  with  which  it  really  ends  as  a 
.  .stinct  range,  although  geologically  it  is  connected  with  the  Bear  Eiver 
Kange  by  a  mass  of  low  hills,  in  which  rocks  of  Silurian  age  outcrop,  and 
through  which  Bear  Eiver  cuts  its  canon  from  Gentile  Valley  to  Cache 
Valley.  The  northern  portion  of  the  range  culminates  in  Mount  Putnam. 
'  »n  Mount  Putnam  white  quartzites  outcrop  at  the  south  end,  and  at  the 
orth  end  shaly  limestones.  On  Station  76,  at  the  south  end  of  this 
northern  portion  ot  the  range,  gray  and  blue  limestones  outcrop  dipping 
:o  south  75°  east  at  an  angle  of  30°.  This  angle  increases  towards  the 
Lorth,  and  on  Mount  Putnam  it  is  80°  to  85°. 

Below  the  limestones  of  Station  76  are  quartzites,  according  to  Pro- 
essor  Bradley  (Eeport  for  1872,  p.  204),  and  below  them  limestones  of  the 
^uebee  Group.  Below  the  latter  occur  the  quartzites,  in  which  the  anti- 
clinal fold  west  of  the  Portneuf  is  marked  as  shown  in  the  accompanying 
section.  The  continuation  of  the  section  westward  will  be  considered 
under  the  Bannack  Eange.  East  of  Station  76  dark-blue  limestones 
with  red  and  yellow  bands  rest  upon  the  lighter-colored  limestones  of 
the  station,  and  above  them  a  white  quartzite.  The  latter  appears  to 
form  the  floor  of  a  synclinal  depression ;  for  as  we  approach  the  Portneuf 
've  find  it  rising  anil  dipping  gently  to  westward,  the  angle  of  dip  being 
10°  near  the  Portneuf.  In  the  synclinal  depression  resting  unconform- 
ably  on  the  quartzites  is  a  conglomerate,  made  up  of  angular  fragments 
of  limestone.  The  outcrop  was  seen  only  at  one  point  and  appeared  to 
be  horizontal  in  position,  and  is  probably  of  the  same  age  as  the  con- 
glomerate at  the  top  of  the  lake  deposits  in  Gentile  Valley. 

The  Portneuf  Eange  here  is,  therefore,  seen  to  \ye  monoclinal,  with  an 
anticlinal  axis  a  short  distance  to  the  westward  and  a  synclinal  depres- 
sion to  the  east,  which  has  been  occupied  by  an  arm  of  the  lake  that 
once  filled  the  Upper  Portneuf  Valley. 
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The  following  is  the  general  section  from  the  base  of  the  range: 

Section  Xo.  20. 

1.  White  quartzitc. 

2.  Thin-bedded,  somewhat  cherty  limestones.     From  these  beds  Professor  Bradley 

obtained  characteristic  Quebec  fossils  in  1872. 

3.  White  quartettes, 

4.  Space  in  which  beds  were  not  noted. 

5.  Dark-colored  limestones. 

6.  Dove-colored  banded  limestones  outcropping  on  Station  76. 

7.  Light-colored  laminated  limestones. 

8.  Very  dark  blue  limestones  with  reddish  and  yellow  bands. 

9.  White  quartettes. 

The  upper  limestones  and  the  white  quartzites  (No.  8)  should  probably 
be  referred  to  the  Carboniferous  formation,  while  all  below  is  probably 
of  Silurian  age. 

South  of  the  caiion  of  the  Portneuf  the  mountains  consist  of  several 
parallel  ridges  somewhat  lower  in  elevation.  The  entire  mass  is  much 
broader  than  that  to  the  north.  We  had  but  few  Stations  in  them,  and 
these  mainly  towards  the  south  end.  Near  the  south  end  of  the  most 
western  of  these  ridges  (the  one  overlooking  Marsh  Greek  Valley)  Sta- 
tion 133  was  located  on  limestones  dipping  north  87°  east.  The  general 
strike,  as  we  looked  north,  appeared  to  be  about  north  5°  west.  The 
angle  of  dip  was  30°  to  35°.    The  following  section  was  made : 


l. 
2. 

3. 

4. 


5. 
6. 


7. 

8. 

9. 
10. 
11. 
18. 
13. 
14. 
15. 


16. 
17. 

18. 
19. 

20. 
21. 
22. 
23. 


Section  (Ko.  21)  at  Station  133. 
Top. 

Blue  limestone 4 , „ 

Laminated  blue  limestones,  with  Conowrypke,  Dikelocephalu*,  Oftp-  ) 

leUa,  and  two  species  of  Bathyuru$ > 

Bluish-gray  limestones ) 

Laminated  limestones,  with  bands  of  greenish  shales  in  the  upper 
portion.  The  limestones  are  separated  by  shaly  layers.  The  lime- 
stones are  fossiliferous  at  the  base,  containing  quantities  of  a 
Trilobite  like  Conocoryphe.  The  limestone  resembles  an  oolite,  but 
the  structure  is  probably  due  to  the  presence  of  somo  peculiar  > 
organic  remains.    Fragments  of  Diacina  are  seen 

Kather  massive  limestones 

Laminated  blue  limestones,  iu  bands  of  from  one  to  two  inches  thick- 
ness, the  surfaces  of  which  are  yellow-stained 

Rather  massive  limestones 

Green  shales  or  slates,  15  feet 

Bluish-gray  limestone 

Bluish  limestones,  with  bands  of  shales 

Massive  blue  limestones.    The  dip  here  appears  to  be  about  40° 

Laminated  limestones  with  interiaminated  green  shales 

Greenish  sandstones  and  shales,  passing  below  into  silvery-gray  slates 

Slates  and  shales  with  a  band  of  limestone  about  the  middle 

Blue  limestones  with  irregular  structure.    The  strike  is  about  south 
5°  east,  and  beyond  the  station  it  appears  to  curve  to  the  south 
dip  is  60° 

Rusty  yellow  quartzite 

Gray  and  yellowish  quartzites 

Greenish-gray  slates 

Rusty  yellow  quartzite,  somewhat  conglomeritio  and  containing  a  \ 
considerable  percentage  of  iron J 

Rusty  quartzites,  about 

White  quartzites > 

Pink  and  white  quartzites \ 

Red  slates,  thickness  not  taken 


Feet. 
130 

315 


120 


II 


500 


US 

155 

}«» 

?<» 
210 
1%. 

70 

150 
450 
1?0 

130 

6<» 

to  GOO 


Total 3,483-3,5*1 

Below  this  last  layer  there  are  probably  the  limestones  of  the  Bed 
Sock  Pass,  which  I  think  lie  above  the  quartzites  of  Station  132, 
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which  themselves  are  just  above  the  dark-green  slates  that  in  all  prob- 
ability represent  the  Cambrian,  as  named  by  King,  in  the  region  south 
and  west  of  our  district. 

Between  layer  23  and  the  limestones  of  the  pass  perhaps  the  section 
of  Station  77  may  be  found,  unless  the  quartzites  just  above  are  iden- 
tical with  those  of  Station  77,  in  which  case  only  the  chloritic  slates  and 
gray  micaceous  shales  of  Station  77  are  wanting.  This,  I  think,  is  the 
most  probable  view,  as  there  is  probably  room  for  them  below  this  sec- 
tion. The  strike  of  the  beds  in  the  section  just  given  must  swerve 
somewhat  to  the  westward  as  we  follow  the  range  northward,  so  as  to 
fall  beneath  those  of  the  summit  of  Station  76. 

Station  117  was  on  the  ridge  next  east  across  Cottonwood  Creek. 
This  station  was  not  visited  by  me,  but  Mr.  Gannett  brought  in  a  piece 
of  hard,  red  micaceous  sandstone,  which  forms  the  summit  of  the  ridge. 
Whether  this  upper  vallej  of  Cottonwood  Creek  is  a  monoclinal  valley 
or  an  anticlinal,  I  am  unable  to  say.  It  appears  to  be  filled  with  Ter- 
tiary limestones  and  sandstones,  which  appear  to  extend  high  up  on 
the  ridge  of  Station  117.  North  of  the  latter  station  quartzites  form 
the  summit  of  the  ridge,  showing  eastward  dips.  Above  these  quartz- 
ites are  laminated  limestones,  above  which  are  the  quartzites  of  the 
hills  west  of  Basalt  Valley.  These  all  show  eastward  dips.  I  am 
inclined  to  think  there  is  an  anticlinal  and  synclinal  between  the  east- 
ern and  western  ridges.  On  the  west  side  of  Gentile  Valley,  on  a  sta- 
tion about  three  or  four  miles  above  the  head  of  the  cauon  of  the  Bear, 
a  red  quartzite,  similar  to  those  in  Marsh  Creek  Valley,  outcrops,  with 
a  western  dip.  There  must,  therefore,  be  a  synclinal  depression  along 
the  eastern  side  of  the  range  at  this  portion  of  its  course,  but  it  has 
l>een  sp  much  eroded  that  it  is  obscure.  Its  position  indicates  that  it 
is  a  fold  east  of  the  one  noticed  at  the  entrance  of  the  Portneuf  to  the 
cailon  from  the  upper  valley. 

Station  131  was  located  on  a  hill  some  eight  miles  southeast  of  Sta- 
tion 133,  beyond  the  end  of  the  range,  and  I  refer  to  it  here  only  because 
there  are  outcrops  of  limestone  on  it  which  show  eastern  dips.  On  a 
ridge  running  south  from  the  station  red  quartzites  outcrop,  dipping 
east,  or  perhaps  a  little  north  of  east.  The  rocks  on  the  station  are 
dark-blue  limestones,  but  whether  above  or  below  cannot  be  positively 
stated.  They  are  probably  above,  however,  and  the  quartzites  are 
in  that  case  the  same  as  those  in  the  lower  portion  of  the  section  of 
Station  133.  The  Tertiary  (Pliocene  1)  beds  in  this  region  lie  between 
and  obscure  the  older  beds  lying  between  the  two  stations.  Quartz- 
ites also  outcrop  in  the  valley  of  Swan  Lake,  and  are  probably  the 
same  as  those  near  the  station.  It  will  be  evident  from  what  has 
been  written  that  our  data  in  relation  to  this  lower  portion  of  the  Port- 
neuf liange  are  somewhat  meagre.  All  we  can  say  is  that  the  western 
portion  is  composed  of  Silurian  rocks,  while  toward  the  eastward  the 
Carboniferous  formation  may  be  present.  There  are  probably  several 
folds  which  enter  into  the  formation  of  the  mountains.  The  axes  of 
these  folds  have  their  directions  a  few  degrees  west  of  north  and  east 
of  south.  The  range  formed  the  boundary  between  the  lake  that  filled 
Marsh  Creek  Valley  and  the  lake  of  Gentile  Valley  and  its  northern 
extension,  Basalt  and  Upper  Portneuf  Valleys.  There  was  probably  a 
connection  between  these  lakes  through  the  Portneuf  Canon,  and  when 
the  lake  was  at  one  of  its  highest  levels  one  arm  occupied  the  synclinal 
just  east  of  the  main  northern  portion  of  the  range. 

The  highest  peak  in  the  range  is  Station  76,  with  an  elevation  of  9,115 
feet.  Mount  Putnam  at  the  northern  end  has  an  elevation  of  8,933  feet. 
The  slopes  on  both  sides  of  the  range  are  steep  and  rugged. 
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BANNACK  RANGE. 

The  summit  til'  the  Bannack  Range,  was  the  western  limit  of  our  work. 
It  extends  along  the  western  side  of  Marsh  Creek  Valley,  above  which 
ita  highest  peaks  rise  a  little  over  4,000  feet.  The  range  consists  of  two 
somewhat  isolated  mountain  masses  eight  or  ten  miles  apart.  They  are 
connected,  however,  by  a  low  ridge,  so  that,  geologically,  the  range  is 
continuous.  The  portion  between  the  two  masses  was  not  visited.  In 
ttie  northern  portion  two  stations  (Xos.  77  and  78)  were  located,  one  of 
which  was  visited  by  me,  and  in  the  southern  portion  Station  MB  wan 
located. 

The  canon  of  the  Fortnenf,  cut  across  the  northern  end  of  the  range, 
shows  it  to  be  awelldcflned  anticlinal,  quart  zites,  slates,  and  limestoues 
outcropping  there,  and  showing  dips  in  east  and  west  directions,  as 
already  noted  in  a  preceding  portion  of  this  chapter.  All  the  beds  out- 
cropping in  the  canon  that  enter  into  the  fold  are  highly  metamorphosed. 
The  same  beds  are  shown  on  the  eastern  slopes  of  Station  77,  where  the 
following  section  was  made : 
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In  layer  So.  2  cubical  crystals  of  oxide  of  iron  are  numerous ;  some  of 
them  are  nearly  two  inches  on  a  side.  These  beds  are  probably  tie 
same  that  have  been  referred  to  the  Cambrian  by  Emmons  and  Hayne 
in  their  districts  south  of  ours. 

In  Box  Elder  Canon,  on  the  western  side  of  the  Wahsatch  Range, 
almost  due  south  of  the  locality  of  the  section  given  above,  they  consist 
according  to  Hague*  of  quartzites  and  siliceous  slates,  with  some  mica- 
•*  *  U.  S.  Exploration  of  the  40th  Parallel,  Vol.  II,  p.  403. 
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ceous  schist.  I  think  there  is  no  doubt  that  the  beds  are  identical. 
The  dip  of  the  beds  in  the  section  just  given  is  approximately  east,  at 
an  angle  of  55°.  The  strike  therefore  must  be  about  north  and  south. 
This  probably  curves  a  little  to  the  eastward  towf|d  the  south,  as  we 
find  near  the  divide  to  j^alade  Valley  an  anticlinal  axis  which  is  in  all 
probability  the  same  noted  in  the  canon  of  the  Portneuf.  The  axis  of 
the  range,  therefore,  lies  to  the  west  of  the  station,  and  the  beds  must 
sink  as  we  go  south,  for  the  southern  part  of  the  range  is  made  up  of 
the  limestones  that  lie  above  these  quartzites.  Station  78,  just  south 
of  77,  is  on  the  micaceous  slates  that  lie  below  the  quartzites  and  chlo- 
ritic  slates.  It  is  a  couple  of  hundred  feet  higher  than  Station  77. 
South  of  Station  78  a  long  ridge  connects  the  northern  portion  of  the 
range  with  the  southern,  on  which  Station  135  was  located. 
1  Station  135  is  on  limestones  that  are  probably  Silurian.  Toward  the 
base  quartzites  outcrop,  probably  the  top  of  the  Cambrian.  The  dip  on 
the  station  is  about  west.  On  the  slopes  leading  to  the  station  there 
appears  to  be  some  curving  in  the  strike,  so  as  to  make  the  dip  more  to 
the  southward  or  southwest.  On  the  east  side  of  the  Malade  Divide 
the  dip  appears  to  be  from  Xorth  17°  East  to  North  27°  East. 

Between  the  two  points,  therefore,  there  must  be  an  anticlinal  axis  which, 
I  think,  is  the  same  as  that  of  the  northern  part  of  the  Bannack  Eange. 
The  lowest  outcrop  noted  on  the  east  is  a  white  quartzite,  above  which  are 
irregular-structured  limestones.  They  soon  disappear  as  we  get  down 
into  Marsh  Creek  Valley.  Bradley  considered  these  limestones  as  be- 
longing to  the  Quebec  Group.*  1  found  no  fossils  in  the  beds?  but  they 
are  probably  the  same  as  the  limestones  outcropping  south  in  Malade 
Valley,  back  of  Malade  City.  The  mountain  mass  west  and  south  of 
Station  135  may  be  partly  Carboniferous — the  continuation  of  the  Car- 
boniferous south  of  Samaria,  yet  to  be  described  however.  The  western 
side  of  the  range  and  the  valley  beyond  were  not  examined,  and  this 
opinion  is,  therefore,  merely  conjecture. 

North  of  the  Portneuf  Canon  the  prolongation  of  the  Bannack  Eange 
is  a  ridge  forming  the  western  portion  of  the  hills  west  of  Mount  Put- 
nam. On  these  hills  the  outcrops  are  obscure  5  on  Station  80  a  gray 
quartzite  shows  which  is  the  continuation  of  one  of  the  quartzites  farther 
south.  The  dip  could  not  be  determined.  North  of  the  station  the  Cam- 
brian beds  seem  to  disappear  beneath  Tertiary  (Pliocene)  deposits,  which 
form  the  hills  south  of  Boss's  Fork  of  Snake  River.  They,  however, 
form  cappings,  for  at  several  places  outcrops  of  limestone  were  seen 
protruding  above  the  light,  white,  and  reddish  Tertiary  beds. 

On  Station  81,  eight  or  nine  miles  north  of  Station  80,  basalt  is  found 
on  the  summit  of  the  hills  bordering  the  valley  of  Ross's  Fork  and  that 
of  Snake  River.  This  basalt  dips  at  quite  an  angle  toward  the  valley, 
and  on  some  of  the  hills  appears  to  be  horizontal.  The  Tertiaries  also 
show  dips  toward  the  valley  of  Snake  River.  South  of  Station  81  a  hill 
shows  outcrops  of  blue  limestone,  probably  Silurian,  with  a  northern 
dip.  All  about  the  liill  Tertiary  limestones  and  sandstones  outcrop,  con- 
cealing the  older  beds.  The  basalt  appears  much  older  than  the  basalt 
of  Marsh  Creek,  and  its  position  on  the  Tertiary  (Pliocene?)  proves  it 
older.  It  was  probably  uplifted  with  the  underlying  beds,  which  places 
its  age  as  subsequent  or  just  at  the  close  of  the  Pliocene.  The  source  of 
this  basalt  is  probably  some  point  in  the  Snake  River  plain.  Basalt  is  also 
found  in  the  valley  of  the  Portneuf,  extending  up  the  valley  from  the  Snake 
River  Valley.    This  basalt  of  Station  81  is  older.    In  the  former,  Professor 

*  Report  U.  S.  Geo!.  Survey,  1872, 1S73,  p.Sfti. 


572      REPOKT  UNITED  STATES  GEOLOGICAL  SCBTET. 

Bradley  mentions  proof  of  two  emotion*.*  the  layers  of  which  in 
anted  by  sand  and  graveL  I  am  inclined  to  think  the  basalt  of  Station 
81  is  older  than  either  of  the  la  yets  mentioned  by  Professor  Bradley. 
5orth  of  Boss  Foripthe  axis  of  the  Bannack  Bange  disappears  entirety 
beneath  the  accumulations  of  Snake  Kiver  plain. 

We  have  seen,  therefore,  that  the  Bannack:  Bange  is  one  of  the  iso- 
lated ranges  so  common  in  the  region  of  the  Great  Basin,  and  like  the 
others  is  a  remnant  of  a  system  of  folding.  The  northern  portion  shows 
one  side  of  ananticlinal,  while  the  southern  portion  shows  the  otter. 
Erosion  has  removed  a  great  mass  of  beds,  and  the  valleys  on  either  aide 
are  filled  with  later  lacustrine  deposits.  There  is  no  evidence,  either  in 
this  range  or  in  the  Portnenf  Bange,  of  the  faulting  noticed  by  King  in 
the  main  Wahsatch  Bange.  and  the  absence  is  further  proof  thai  the 
faulting  in  the  latter  took  place  after  a  period  of  complicated  foldings, 
as  held  by  King.t  I  shall  refer  to  this  point  again  in  a  subsequent 
chapter  when  speaking  of  the  district  as  a  whole. 


•  Report  U.  S.  GeoL  Sorrer,  137%  1373,  p.  20L 
t  Exploration  of  the  40th  Parallel,  VoL  L  p.  735. 


CHAPTER  V. 


DESCRIPTIVE   GEOLOGY— BEAR  RIVER  DRAINAGE  AREA. 

Bear  River— Upper  Bear  River  Valley — Smith's  Fork— Sublette  Range — 
Thomas'  Fork— Bear  Lake  Plateau — Bear  Lake.  Valley — Preuss  Range — 
Soda  Sprtngs  and  Bear  River  Bend— Soda  Springs  Valley — Soda  Springs 
Hills — Basalt  Valley — Bear  River  Range — Gentile  Valley— Middle  CaSon 
op  Bear  River — Cache  Valley — Malade  Range — Malade  Valley — Blue 
Spring  Hills. 

The  present  chapter  will  be  devoted  to  the  description  of  the  south- 
western portion  of  the  district,  in  which  the  drainage  is  tributary  to 
Bear  River.  It  is  therefore  a  portion  of  the  Great  Basin.  Bear  River  is 
the  great  artery  of  this  whole  region.  In  considering  it  I  shall  follow  the 
plan  of  the  preceding  chapter,  and  shall  take  up  the  successive  streams, 
alternating  with  such  mountain  ranges  as  intervene.  The  entire  area 
drained  by  the  Bear  and  its  branches  within  our  district  is  nearly  5,000 
square  miles,  or  over  one-third  of  the  entire  district  surveyed  by  us 
during  the  season. 

BEAR    RIVER. 

Bear  River  enters  our  district  in  about  longitude  111°,  flowing  slug- 
gishly with  large  curves  through  a  broad  valley  which  continues  north- 
ward to  the  mouth  of  Smith's  Fork,  a  distance  of  about  25  miles  on  a 
north  and  south  line.  From  this,  which  we  call  the  Upper  Valley,  it 
turns  slightly  to  the  northwest  into  a  narrower  valley  which  reaches  to 
the  month  of  Thomas'  Fork.  Receiving  the  latter  stream  in  a  broad  valley 
opposite  the  Sublette  Range  the  river  turns  abruptly  to  the  southwest, 
and  enters-  the  caiion-like  valley  at  the}  north  end  of  the  Bear  Lake 
Plateau,  through  which  it  cuts  to  the  valley  of  Bear  Lake.  In  this 
canon  it  turns  abruptly  to  the  north,  making  a  right-angled  bend.  The 
valley  in  the  canon  is  generally  broad  and  meadow-like  with  good  grass. 
Several  ranches  have  been  located  below  the  bend  and  seem  to  be  flour- 
ishing. Soon  after  the  river  comes  out  into  Bear  Lake  Valley  it  loses 
itself  in  the  marsh  that  extends  northward  from  Bear  Lake.  Below  the 
marsh  the  river  flows  through  a  wide  marshy  flat,  covered  with  a  growth 
of  coarse  grass.  The  soil  in  this  region  is  rich  and  the  valley  has  been 
well  settled.  Numerous  towns  are  found  along  the  river.  The  course 
of  the  river  here  is  approximately  northwest  until  within  about  6 
miles  of  Soda  Springs,  where  there  is  a  sharp  turn  to  the  westward 
along  the  south  edge  of  a  basaltic  flow.  After  keeping  this  direc- 
tion for  about  5  miles  a  northern  course  is  assumed  and  the  river 
curves  to  westward  and  south  westward  in  the  valley  opposite  the  mouth 
of  Soda  Springs  Creek.  Four  miles  west  of  the  mouth  of  the  latter  the 
Bear  cuts  across  the  northern  end  of  the  Bear  River  Range  at  the  south 
side  of  a  gap  that  is  about  half  a  mile  in  width.  Here  it  is  in  low  canon, 
a  basaltic  wall  bounding  it  on  the  north  and  the  limestones  of  the  range 
outcropping  on  the  south  bank.  For  three  or  four  miles  beyond  the  gap 
the  river  keeps  close  to  the  foot  of  the  range.  The  cause  of  this  may, 
perhaps,  be  seen  in  the  basaltic  flow  which  came  from  the  craters  stilL 
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existing  west  of  the  gap.  The  river,  however,  soon  turns  to  the  west- 
ward and  cats  a  deep  canon  in  the  basalt,  which,  continuing  northward, 
forms  the  floor  of  Basalt  Valley.  The  canon  is  about  300  feet  deep  on 
the  west  side  of  the  valley ,  and  the  river  flows  through  it,  broken  by  falls 
and  rapids.  At  the  western  side  of  the  basalt-field  the  river  turns  to  the 
south,  making  a  right  angle  in  its  course,  and  soon  flows  out  of  the  canon, 
skirting  the  western  edge  of  the  basalt,  into  the  northern  end  of  Gentile 
Valley.  The  general  course  of  the  river  in  Gentile  Valley  is  south.  It 
is  broad  and  flows  sluggishly  between  broad  meadows  that  are  bounded 
by  soft  lacustrine  deposits.  Leaving  this  valley  the  Bear  enters  a  deep 
cafion  cut  in  Silurian  limestones.  This  canon,  which  I  shall  call  the 
"middle  cafion  of  Bear  Biver,"  is  nine  miles  in  length  and  divides  Gen- 
tile Valley  from  the  upper  end  of  Cache  Valley.  On  entering  Cache 
Valley,  the  river  turns  to  the  westward,  keeping  a  course  a  little  south 
of  west  for  nine  miles.  Again  it  turns  southward,  a  course  which  it 
keeps  until  it  approaches  Cache  Butte,  when  it  turns  to  the  southeast, 
flowing  sluggishly  with  inclosed  islands  and  broad  meadows.  It  keeps 
this  direction  for  only  three  or  four  miles,  once  more  resuming  its  south- 
ern course.  About  two  miles  above  the  mouth  of  Logan  Biver  it  turns 
to  the  northwest,  and  about  five  miles  below  the  mouth  of  the  latter, 
stream  it  enters  the  "  gates,"  from  which  it  flows  out  into  the  lower  end 
of  the  Malade  Valley,  and  leaves  our  district  in  longitude  1129  8',  to 
flow  southward  to  Bear  Biver  Bay  of  the  Great  Salt  Lake.  The  eccen- 
tric course  of  Bear  Biver  will  be  better  appreciated  by  a  glance  at  the 
map.  The  river  is  seen  to  have  two  general  courses,  one  northern  and 
the  other  southern.  The  most  northern  point  reached  is  at  Soda  Springs. 
The  Bear  Biver  Range  separates  the  two  portions  of  Bear  Biver  as  thus 
described.  I  shall  now  take  up  the  different  portions  of  the  Bear,  con- 
sidering the  general  geological  structure  of  its  various  valleys  and  the 
geology  of  the  bounding  ranges. 

UPPER  BEAR  RIVER  VALLEY. 

The  Upper  Bear  River  Valley,  as  I  have  already  defined  it,  extend? 
from  the  mouth  of  Smith's  Fork,  southward,  to  the  limits  of  our  dis- 
trict. Beyond  this  it  reaches  nearly  30  miles  to  the  southward.  Its 
length  in  our  district  is  25  miles  in  an  air-line  direction.  It  is  from  three 
to  four  miles  in  width,  and  of  rather  uniform  surface,  covered  with 
abundant  good  grass.  The  general  elevation  is  6,250  feet.  The  Bear 
flows  through  this  broad  bottom  in  curves,  with  an  extremely  sluggish 
current,  over  a  soft,  sandy,  and  muddy  bed,  which  is  so  treacherous  as 
to  afford  few  good  fords,  although  the  river  is  neither  very  wide  nor 
deep.  Alluvial  deposits  and  local  drift  from  the  bounding  hills  conceal 
the  strata  underlying  the  valley.  The  two  principal  streams  joining  the 
Bear  from  the  west  side  in  this  tipper  valley  are  Twin  Creek  and  Sub- 
lette's Creek. 

Tic  in  Creek. — Twin  Creek  joins  the  Bear  a  few  miles  above  our  south 
line.  The  upper  portion  has  been  considered  under  the  head  of  "  the  Ham's 
Fork  Plateau."  Leaving  the  upper' valley,  which  is  cut  in  the  varie- 
gated ImhIh  of  the  Wahsatch  Group,  Twin  Creek  enters  a  canon  cutting 
across  a  high  ridge  of  Carboniferous  and  Jurassic  rocks.  Soon  after 
entering  the  canon  it  is  joined  by  its  northern  branch,  Rock  Creek, 
which  is  the  principal  stream.  Bock  Creek  occupies  a  narrow  valley  at 
the  west  side  of  the  ridge  that  forms  the  west  boundary  of  the  Ham's  Fork 
Plateau  and  Basin.  This  ridge  is  a  sharp  anticlinal  of  Carboniferous 
limestone,  which  continues  northward  west  of  Smith's  Fork,  where  it 
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will  be  again  considered.  To  the  southward  it  ends  very  soon,  and  higher 
beds  appear  to  curve  around  the  end  of  the  ridge  over  the  limestones. 
On  the  west  side  of  the  ridge  the  Wahsatch  beds,  with  isolated  cappings 
of  Green  River  shales,  rest  unconformable  on  the  limestones,  and  the 
erosion  of  this  ridge  doubtless  contributed  to  the  formation  or  the  con- 
glomeritic  Wahsatch  beds.  The  valley  of  Bock  Greek  is  a  monoclinal. 
It  is  about  14  miles  in  length,  and  not  over  half  a  mile  in  width  at  the 
widest  portion.  It  is  1,400  feet  below  the  top  of  the  Carboniferous  ridge. 
On  the  west  side  is  a  rather  regular  flat-topped  ridge  that  rises  1,000 
feet  above  the  creek-level.  Near  the  southern  end  of  this  a  substation 
was  located.  The  beds  outcropping  on  the  east  face  of  the  ridge  were 
limestones  and  quartzites.  They  were  all  somewhat  obscure,  but  near 
the  top  of  the  ridge  was  an  outcrop  of  light  yellowish-gray  limestone,  in 
which  I  obtained  a  few  indistinct  organic  remains,  identified  by  Dr. 
White,  as  follows : 

Eumicrotis  curtat 

Myalina  whitelf 

Aviculopecten  idahoemtk  t 

Myacites  t 

Modiolaf 
Above  these  limestones  a  whitish  quartzite  forms  the  summit  of  the 
ridge.    All  the  strata  dip  to  the  westward. 

At  one  point  there  appeared  to  be  a  capping  of  Green  River  shales 
in  horizontal  position,  resting  on  the  upturned  edges  of  the  Jurassic 
strata,  but  it  could  not  be  defined  as  the  hill  was  so  thickly  covered  with 
dSbris.  Above  the  quartzites  followed  limestones  and  shales,  above  which 
were  reddish  sandstones  and  shales,  all  referable  to  the  Jurassic,  accord- 
ing to  their  position  and  lithological  structure.  To  the  westward  these 
beds  disappear  beneath  the  valley  of  Bear  River.  Below  the  mouth  of 
Rock  Creek,  Twin  Creek  flows  in  a  broad  sage-brush  valley.  On  the 
north  side  blue  Jurassic  limestones  outcrop  in  low  bluffs  on  the  edge  of 
the  valley,  and  on  them  rest  Wahsatch  sandstones  unconformably. 

Station  106  was  located  south  of  the  valley  on  a  hill,  in  which  there 
were  a  few  obscure  outcrops  of  Jurassic  limestone  surrounded  by  Wah- 
satch beds.  A  short  distance  northwest  of  the  station  the  valley  of  Twin 
Creek  narrows  as  it  cuts  across  a  low  ridge.  At  this  point  there  is  a 
coal-mine,  owned  by  the  Wyoming  Coal  and  Coking  Company.  The 
bed  was  discovered  in  1875.  There  is  a  tunnel  470  feet  in  length,  with 
a  side  shaft  120  feet  in  length.  The  following  is  the  section  beginning 
with  the  coal-bed  penetrated  by  the  tunnel. 

Section  No.  23. 

1.  Coal,  3±  feet. 

2.  Shales  and  slates. 

3.  Coal,  3  or  4  inches. 

4.  Clay,  6  feet,  decreasing  in  places  to  3  feet. 

5.  Coal,  6  feet. 

ti.  Light-colored  sandstones  forming  the  roof. 

These  beds  dip  to  the  westward  or  a  little  north  of  west,  at  an  angle 
of  about  40°.  The  sandstones  are  fossiliferous.  The  following  were 
obtained : 

Rhytophora  meekii. 

Corbicula  ( Yeloritina)  durlceei. 

Ooniobasis  clirysaloidea. 

Pyrgulifera  humerosa. 

Ooniobasis  chrysalis. 

VoUella  (Brachydontes)  —. 1 

Ostreaf f 

Neritina  ? 
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These  prove  the  beds  to  be  the  same  as  the  Bear  River  Laramie  gfaqv 

On  the  top  of  the  hill  in  which  they  outcrop,  Wahsatch  ted  ootogmi-- 
erates  and  sandstones  dip  10°  to  15°  to  the  eastward.  Succeeding  tfabM 
reddish  beds  are  white  sandstones. 

Underlying  bed  No.  1  is  a  considerable  thickness  of  light  'SaddgfeeAtiii  ? 
in  which  there  is  a  thin  coal-bed.  Sampson  Tarns,  of  San  Francisco,  is 
president  of  the  company.  No  work  was  being  done  on  the  mine  At  the 
time  of  my  visit  Several  buildings  have  been  erected:  also  an  oven  for 
coking  the  coal.  Hie  coal  has  to  be  pulverized  and  washed  bfefbrt 
coking.  This  coal-bed  is  probably  the  same  noted  on  Smith's  Fork.  90 
miles  farther  north.  West  of  the  hill  in  which  the  coal  outcrops  is  a: 
rather  broad  sage-brush-covered  valley,  and  then  another  ridge  in  witieh 
sandstones  and  limestones  outcrop,  showing  an  anticlinal  fold,  beyond 
which  is  a  gentle  synclinal  and  the  eastern  side  of  a  second  anticlinal. 
The  latter  forms  low  blufls  facing  the  Bear.  Farther  south  these  beds 
rise  into  a  high  ridge  which,  on  the  map  of  the  Fortieth  Parallel  rarray, 
is  colored  Upper  Carboniferous.41  Speaking  of  this  ridge,  Mr.  TfrnnwuM 
says:t  "But  little  opportunity  was  aflforded  for  the  examination  of  this- 
somewhat  isolated  body  of  limestone,  and  it  has  been  referred  to  the 
Upper  Coal-Measure  limestone  on  no  palceontological  or  direct  strati- 
graphical  evidence,  bat  solely  from  its  relative  position  with  regard  to 
the  Silurian  and  Cambrian  bodies  on  the  west  side  of  Bear  Bivcr 
Plateau."  I  have  colored  a  portion  of  them  Jurassic  or  Jura-Trias  from 
evidence  obtained  on  Smith's  Fork  and  in  the  Bear  Lake  Plateau, 
which  reveals  the  presence  of  several  folds  in  the  rocks  underlying 
the  plateau,  which  is  the  northern  continuation  of  the  eastern  side  of 
the  Bear  Biver  Plateau.  The  limestones  outcropping  in  the  Muff  meat 
Bear  Biver,  and  which  form  the  prominent  ridge  to  thto  southward,  I 
have  colored  Carboniferous,  corresponding  to  the  coloring  of  King's  map. 

What  the  exact  relation  is  between  the  Laramie  Group  and  the 
Jurassic  I  am  unable  to  determine  with  the  data  from  the  few  points  I 
was  able  to  visit.  There  appears  at  some  places  to  be  an  unconform- 
ability,  and  at  others  the  whole  Cretaceous  series  may  be  present  between 
them.  This  region  is  one  that  will  have  to  be  carefully  investigated  in 
considerable  detail  before  it  can  be  determined.  The  Wahsateh  that 
outcrops  east  of  the  coal-mine  does  not  extend  far  to  the  northward. 

On  the  east  side  of  the  valley,  between  Twin  Creek  and  Sublette 
Creek,  are  several  outcrops  of  sandstone  that  have  been  referred  to  the 
Laramie  Group. 

A  rough  wagon-road  crosses  from  nam's  Fork  to  the  head  of  Twin 
Creek,  and  follows  the  latter  to  the  Bear.  The  south  side  of  Twin  Creek, 
at  the  head,  has  mesas  with  cappings  of  Green  Kiver  shale  that  extend 
southward  beyond  our  line. 

Sublette- s  Creek  comes  into  the  Bear  10  miles  north  of  Twin  Creek.  It 
heads  north  of  Rock  Creek  on  the  west  side  of  the  ridge  already  de- 
scribed. The  wagon-road  from  Green  River  Valley  comes  down  its 
southern  branch,  and  when  we  were  in  the  valley,  in  June,  large  droves 
of  cattle  were  being  driven  over  the  road.  Xear  the  mouth  of  the  creek 
there  is  a  small  two  years  old  settlement  of  Mormons.  The  Upper  Bear 
River  Valley  makes  a  good  summer  range  for  cattle,  but  in  winter  it  is 
uecessary  to  feed  at  the  rate  of  about  a  ton  and  a  half  of  hay  i»er  head. 
While  we  were  in  the  valley,  in  the  latter  part  of  June,  there  were  heavy 
trusts  every  night,  and  wo  had  a  snow-squall  about  the  1st  of  July.  The 
settlers  say  that  it  was  exceptional  weather,  although  they  all  agree  that 

*  Exploration  Fortieth  Parallel,  Atlas  Map  III.  west  half. 
t  Exploration  Fortieth  Parallel,  Vol.  II,  page  338. 
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the  climate  is  somewhat  cold.  The  western  boundary  of  the  valley  is 
the  Boundary  Range,  a  range  of  comparatively  low  hills  eroded  from  the 
east  edge  of  the  Bear  Lake  Plateau.  These  hills  are  composed  of  the 
variegated  Wahsatch  conglomerates  and  sandstones,  bright  red  colors 
predominating.  They  are  rounded  in  outline,  and  rise  some  1,000  to 
1,400  feet  above  the  valley,  increasing  in  height  toward  the  north.  They 
will  be  referred  to  again  under  the  head  of  the  Bear  Lake  Plateau. 

The  western  side  of  the  broad  valley  is  covered  with  gravel  outside  of 
the  immediate  river-bottom.  This  gravel  is  derived  from  the  weather- 
ing of  the  conglomeritic  sandstones  of  the  Wahsatch  Group.  There  are 
few  settlements  in  the  Upper  Bear  liiver  Valley  in  our  district.  South 
of  our  district;  however,  there  are  several  towns,  Randolph  and  Wood- 
ruff being  the  principal  ones. 

smith's  fork  of  bear  river. 

Smith's  Fork  enters  tlie  Bear  River  Valley  from  between  two  high 
buttes  in  a  valley  less  than  half  a  mile  wide.  Side  by  side  with  it  is  a 
small  creek  (Spring  Creek)  that  rises  in  the  ridge  east  of  the  bend  of 
Smith's  Fork.  Just  below  the  point  where  the  two  streams  come  out 
into  the  valley  there  is  a  small  settlement  called  CoketSfn.  The  butte 
on  the  south  side  of  the  gap  was  named  Station  Butte.  Station  37  was 
located  on  its  summit.  It  is  composed  of  Carboniferous  limestones,  rep- 
resenting the  axis  of  an  anticlinal,  which  is  well  shown  in  the  opposite 
butte,  which  was  named  Cokdwwa  Buttes  The  latter  is  really  the  south 
end  of  the  Sublette  Range.  The  strike  is  north,  or  perhaps  a  little  west 
of  north.  The  Carboniferous  limestones  are  very  sharply  folded,  stand- 
ing on  end  in  the  centre  of  the  fold  and  dipping  80°  to  the  westward  on 
the  west  side.  The  following  general  section  was  made  from  the  butte 
eastward  to  the  coal  outcrop.  The  relations  will  be  better  appreciated 
by  a  reference  to  the  accompanying  plate,  where  the  section  from  Bear 
River  eastward  across  the  bend  of  Smith's  Fork  to  the  range  is  given. 

Section  24,  on  north  side  of  Smith* a  Fork, 
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1.  Massi vo  grayish-blue  limestones 

2.  Blue  limestones V  800  feet. 

These  two  layers  comprise  a  thickness  of  £00  to  800  feet 

3.  Space  covered 

4.  Brown  shales,  calcareous 

5.  Bluish-gray  limestones,  containing  fragments  of  an  indistinct 

Productu* 

5.  Gray  limestones  and  calcareous  shales  near  the  top.    The  fol-  £■        500  to  GOO  feet. 

lowing  fossils  were  found:  Ariculopecten  idaliovnsw,  Osirea 

f  Lingnla  breviroatrint  Myavitca  ?    They  were 

all  fragmentary  and  identified  with  some  doubt 

6.  Grayish-brown  limestones 

7.  Space  covered  with  reddish  debris ••-..' 

8.  Blue  limestone,  containing  the  following  fossils:  Euipkyrotis 

curta t  Lingula  brcvirostris  ?  Aricuhpectcn 1 

9.  Covered  space ,.„.... 

10.  Grayish  limestones TTl ,t  rJV>  .     -  g^.    . 

11.  Spaco  covered  by  red  and  gray  debris .'.  f  i, ouu  to  i.ouuicet. 

12.  Greenish-gray  sandstones 

13.  Laminated  gray  sandstones,  with  black  slates 

14.  Greenish-gray  sandstones 

15.  Coal 


Total 2, 800  to  3, 200  feet. 

In  bed  No.  14,  which  is  rather  a  poor  quality  of  coal,  a  shaft  has  been 
sunk  and  a  tunnel  opened  into  the  bed  from  below.  The  former  is  80 
feet  deep  and  7  feet  in  width.    The  tunnel  is  inclined  aiiOL^^^^\\fe\s»Xi^L 

37  G  s 
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nearly  100  feet  There  ore  several  beds  alongside  of  the  main  bed- 
They  stand  almost  on  end,  dipping  slightly  toward  the  east.  In  some 
of  the  coaly  slate  I  obtained  fragments  of  Unio  7 efiutos,  and  a  number 
of  undeterminable  shells  which  warrant  reference  to  the  TrfMramie  Group. 
There  are  two  claims  located  on  the  bed  on  the  north  side  of  the  valley 
and  several  on  the  south  side.  There  is  scarcely  any  doubt  that  this 
coal-bed  is  the  same  as  the  one  of  Twin  Creekj  and  that  it  should  be 
referred  to  the  Laramie  Group.  The  fossils  obtained  below  axe  Jurassic, 
and  there  would  appear  to  be  but  a  small  thickness  of  Cretaceous  pres- 
ent, if  any,  as  the  greenish-gray  sandstones,  just  above  appear  to  be  a 
portion  of  the  Laramie.  Going  farther  east  we  find  red  conglomerates 
outcropping  on  Smith's  Fork  above  the  braid,  with  an  eastern  dip.  These 
sandstones  and  conglomerates  disappear  beneath  a  broad  terrace  which 
rises  241  feet  above  the  level  of  the  stream.  Back  of  this  terrace,  between 
it  and  jthe  hogbacks  that  extend  along  the  range,  there  is  a  broad  valley, 
evidently  one  of  the  old  river-beds  for  Smith's  Fork.  South  of  the  bend 
of  the  river  this  terrace  does  not  exist,  and  the  beds  that  underlie  it 
form  a  series  of  eastward-dipping  hogbacks.  These  hogbacks  are  formed 
of  the  reddish  and  gray  sandstones  that  outcrop  further  north  in  the 
valley  of  Smith's  Fork.  Beneath  the  sandstones  are  blue  limestones 
which  rise  on  the  range;  in  one  layer  a  large  number  of  Camptonccta 
Stygius  t  were  observed. .  These  limestones  are  probably  above  those  in 
which  fossils  were  obtained  west  of  the  coal  opening.  Below  them  are 
the  following  beds  forming  the  range : 

Blue  limestones. 

Dark-red  sandstones. 

Light-red  sandstones. 

Bra  limestones.. 

Bed  sandstones. 

Covered  space  reaching  to  the  level  of  Pine  Creek. 

Carboniferous  limestones. 

The  latter  are  on  the  ejist  side  of  Pine  Creek.  The  latter  stream  rises 
east  of  the  hogbacks,  between  them  and  the  main  ridge,  which  is  the 
continuation  of  the  ridge  east  of  Eock  Creek.  It  joins  Smith's  Fork  at 
the  bend.  From  the  bend  of  Smith's  Fork  northward  to  the  Forks  is 
about  nineteen  miles.  The  course  from  the  Forks  is  somewhat  west  of 
south.  In  the  lower  part  of  the  valley,  as  we  have  seen,  the  river  is 
west  of  the  synclinal.  As  we  follow  up  the  river  we  soon  find  it  oc- 
cupying the  axis  of  the  depression,  and  it  flows  between  hogbacks 
winch  have  rather  rounded  outlines.  The  few  outcrops  noted  are  of 
gray  sandstones.  To  the  westward  are  high,  rolling  hills  and  spurs  from 
the  Sublette  Range.  The  only  fossils  found  in  the  beds  underlying  the 
hills  nearest  to  the  river  were  of  the  Bear  River  Laramie  Group.  Just 
below  the  Forks  the  course  of  the  river  is  somewhat  eccentric.  Alter  the 
two  forming  streams  unite,  the  river  flows  to  the  northwest  for  about 
half  a  mile,  when  it  turns  to  the  southwest  and  comes  out  into  the  valley 
that  continues  southward.  The  two  branches  join  in  a  canon.  Follow- 
ing up  this  caiion  we  cross,  first,  the  sandstones  that  form  the  hogback 
along  the  east  side  of  Smith's  Fork.  Below  the  sandstone  are  shales 
with  a  coaly  layer.  Below  are  more  sandstones  and  shales,  and  then  a 
conglomerate  somewhat  metamorphosed,  or  seemingly  so.  It  is  quart*- 
itic  and  dark  colored,  with  red  and  lighter  colored  pebbles.  It  has  con- 
siderable resemblance  to  the  conglomerate  of  the  Dakota  Cretaceous.  R 
dips  to  the  westward  at  an  angle  of  about  30°.  No  fossils  were  found 
near  it,  neither  just  above  it  nor  just  below,  so  that  its  age  remains 
doubtful.    Below  there  is  a  considerable  thickness  of  shales  and  sand- 
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stones,  probably  some  4,000  feet  in  all.  The  soft  character  of  these  beds 
causes  them  to  weather  into  rounded  hills,  in  which  all  the  outcrops  are 
obscure. 

As  far  as  seen,  the  beds  resemble  very  closely  those  seen  on  the  west 
side  of  John  Day's  Eiver,  and  they  occupy  the  same  relative  position. 
If  the  conglomerate  above  is  Cretaceous  the  group  must  be  referred  to 
the  Jurassic ;  if  not,  it  may  represent  the  Cretaceous,  while  the  beds 
above  should  be  referred  to  the  Laramie  Group.  The  continuation  of  the 
section  west  from  Smith's  Fork  wonld  seem  to  favor  the  latter  view. 
Until  more  fossils  are  found,  I  shall  refer  the  beds  partly  to  the  Cretaceous 
and  partly  to  the  Jurassic,  as  just  below  the  shales  are  limestones  contain- 
ing Jurassic  fossils,  and  on  John  Day's  Eiver  the  limestones  containing 
Pentocrinus  asteriscus  were  some  distance  below  the  Belemnites  bed, 
which  was  separated  from  them  by  reddish  shales  similar  to  those  above 
the  limestones  on  Smith's  Fork. 

These  limestones  form  a  bluff  on  the  Lake  branch  of  Smith's  Fork. 
The  exposure  of  limestones  shows  a  thickness  of  about  800  feet,  and 
above  is  a  thickness  of  about  1,800  feet  of  the  reddish  shales  and  sand- 
stones.   ^Ncar  the  top  of  the  limestones  I  found : 

Ostrea  strigulecula. 
Pentacrlnus  asteriscm. 

Tanvredia f 

Undetermined  conchifers. 
Undetermined  gasteropods. 

These  prove  the  Jurassic  age  of  the  limestones,  and  they  are  probably 
identical  with  the  "  Pentacrinus  beds"  of  the  section  made  on  John  Day's 
River,  near  the  mouth  of  McDougal  Creek  (in  the  preceding  chapter). 
The  limestones  form  cappings  on  the  slopes  of  the  hills  on  the  east  side 
of  the  Lake  Fork,  although  they  do  not  reach  to  the  summits,  which  are 
mainly  of  red  sandstones.  The  section  as  just  given  in  general  is  as 
follows,  corresponding  with  the  profile  in  the  accompanying  plate : 

Section  Xo.  25,  along  Smith's  Fork,  west  from  Station  43. 

* 

Base :  Tlrickness  in  feet, 

1.  Red  sandstones  outcropping  on  Station  43. 

2.  Blue  limestones  containing  Jurassic  fossils,  Pentacrinusf  &c 800 

3.  Calcareous  shales >       «  o^ 

4.  Reddish  shales  and  sandstones >         ' 

5.  Space  covered  with  debris  of  sandstones  and  shales 4,000 

6.  Conglomerate 

7.  Sandstone  shales  and  sandstones ." 

8.  Black  shales „. ,       -  ~w* 

9.  Greenish-gray  sandstones J       1,JUV 


4,000 


Total ." 11,900 

The  dip  is  30°  westward,  as  far  as  Smith's  Fork,  which  is  in  the  syn- 
clinal depression. 

Between  four  and  five  miles  above  the  Forks  the  stream  is  formed  by 
two  streams,  one  of  which  is  called  the  Lake  Branch.  It  comes  from  the 
north,  while  the  Southern  Branch  comes  irom  the  east,  draining  the  region 
east  of  Stations  42  and  43.  The  former  is  located  in  the  bend  of  the 
creek,  on  a  high  rounded  hill  of  red  sandstones,  while  station  43  is  at  the 
northern  end  of  the  same  hill.  It  is  on  the  axis  of  a  fold  which  is  well 
shown  in  a  high  hill  a  couple  of  miles  farther  north.  The  axis  of  the 
fold  appears  to  have  a  direction  somewhat  west  of  north.  To^ra&^O&fe 
south,  however,  it  appears  to  curve  so  as  to  be  nott\i  onfli  wu\X^«&k^aa 
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topography  indicates  that  it  is  the  same  fold  shown  in  the 
limestones  east  of  I  Jock  Creek.  Here,  however,  the  red  sandstones 
f  probably  Trias ;  form  the  surface  of  the  foliL  Station  42  is  a  little  to 
the  west  of  it. 

East  of  the  ridge  is  a  synclinal  depression,  the  centre  of  which  is  occu- 
pied by  gray  lieds  identical  with  the  limestoues  seen  in  the  bluff  on  the 
west  side  of  the  Lake  Fork.  They  are  continuous  with  them  a  few  miles 
to  the  northward,  where  the  anticlinal  ridge  Is  lower,  and  the  Ibid  in 
the  Jurassic  preserved.  I  am  unable  to  say  how  far  south  this  synclinal 
depression  continues.  It  appears  to  narrow  very  rapidly,  and  probably 
soon  dies  out,  leaving  the  red  beds  to  form  a  broad  auticlinaL  The 
latter  rise  from  lx-ueath  the  gray  limestoues  and  form  the  summit  of  the 
range  to  the  eastward.  The  eastern  face  of  this  range,  as  we  saw  when 
describing  the  head  of  La  ttarge  Creek,  is  composed  of  Carboniferous 
limestones,  presenting  a  bluff  face  toward  the  valley  of  the  La  Barge. 

North  of  Station  43  is  a  1>cautiful  emerald  lake  (Lake  Alice),  which 
ha*  apparently  no  outlet.  It  has  l>een  formed  by  a  landslide  at  the 
mouth  of  the  gorge  separating  the  station  hill  from  the  one  north. 
Whatever  ontlet  there  is,  must  be  beneath  the  mass  of  earth  that  has 
dammed  up  the  stream  that  once  occupied  this  gorge.  The  lake  has  no 
beach.  It  is  five  miles  long  ami  less  than  three-quarters  of  a  mile  in 
width  at  the  widest  ]>ortion.  The  fold  of  Station  43  is  probably  the 
southern  continuation  of  the  western  fold  of  the  Salt  Kivcr  ltengc. 
1  let  ween  the  two  i>oiuts,  however,  the  reddish  shales  that  lie  above  the 
Jurassic  limestones  outcrop  and  form  the  surface.  The  eastern  fold  of  the 
range  also  begins  a  short  distance  north  of  this  point,  the  red  l>ed.s  rising 
from  l>ciicath  the  gray  limestones.  The  whole  region  is  so  complicated 
that  I  can  only  present  the  most  general  features.  The  investigation  of 
these  folds  will  well  repay  the  student  of  geology,  and  before  coloring 
the  final  map  of  the  region  I  hope  to  be  able  to  revisit  it. 

The  Lake  Jiruuch.  as  we  have  seen,  lias  its  vallev  cut  almost  enthvlv 
in  .Jurassic  rocks,  and  Hows  south  in  a  monocliual  vallev.  The  main 
branch  has  an  almost  parallel  course,  rising  however,  some  miles  farther 
north,  viz,  between  the  head  of  La  1  large  Creek  and  the  extreme  source 
of  Salt  Kivcr.  The  upper  course  of  the  river  is  in  the  variegated  l»cd> 
that  lie  just  above  the  .Jurassic  limestones.  Near  the  junction  with  the 
other  fork  it  is  in  the  shales  and  sandstones  that  lie  above  the  conglom- 
erate, laver  No.  o'  of*  Section  :!.">.  The  section  west  of  Smith's  Fork  will 
be  given  subsequently,  when  considering  the  Sublette  Range  and  the 
region  of  Thomas*  Fork. 

The  vallev  of  Smith's  Fork  above  the  bend  has  but  little  available 
agricultural  land.  The  mountains  at  the  head  of  its  various  branches 
are  well  timbered  with  pines.  The  lower  valley  merges  into  that  of  l>ear 
River,  and  is  meadow-like  and  well  grassed,  although  somewhat  high 
for  general  agricultural  purposes.  Some  of  the  settlers  seem  to  think, 
however,  that  there  has  been  some  change  in  the  climate  since  the  first 
settlement  of  this  region.  No  accurate  observations  have  been  math4, 
and  it  is  probably  only  an  opinion,  with  very  little  fact  for  a  foundation. 

SX'BLKTTE    1IAXGE. 

The  Sublette  I'ange  is  a  short  range  of  rather  rounded  form,  rising 
U,000  to  .'5,000  feet  above  Hear  Kivcr  on  the  east  side,  extending  north 
between  Smith's  Fork  and  Thomas-  Fork.  The  total  length  ol  the  range 
is  about  twentv-one  miles.  It  is  divided  into  two  portions  bv  a  branch  of 
Thomas'  Fork.    The  northern  portion  was  not  visited  by  us;  but  jiulg- 
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ittg  from  what  we  saw  south  and  north  of  it,  its  component  rocks  are  of 
Jurassic  age,  which  are  folded  as  they  are  to  the  south.  In  the  northern 
portion  of  the  south  end  of  the  range,  Station  38  is  located.  A  frag- 
ment of  a  Zaphrenti*  from  the  station  was  brought  in,  which  indicates 
that  the  centre  of  the  range  is  Carboniferous.  The  exposures  of  rocks 
are  very  limited.  East  of  Station  38  Jurassic  limestones  dip  to  the 
eastward,  and  on  the  west  red  sandstones  are  seen  dipping  sharply  to 
the  westward.  The  range  is  therefore  a  sharp  anticlinal,  with  x>erhaps 
a  slip  on  the  west.  Following  the  ridge  of  the  station  southward,  we 
find  that  it  becomes  eroded  into  a  number  of  peaks  with  round  summits, 
which  end  five  miles  south  of  the  station,  on  the  north  side  of  a  branch 
of  the  Bear,  that  rises  in  the  range  east  of  these  peaks.  On  the  east 
side  of  this  creek  we  find  the  range  continued  in  a  ridge  which  is  com- 
posed of  Jurassic  limestones  representing  the  eastern  members  of  the 
anticlinal  fold.  At  the  north  end  of  the  ridge  is  a  peak  which  connects 
it  with  the  range.    Here  the  following  were  obtained : 

Pentacrinus  asteriscuSj 
Camptanectes  bellistriatiw, 

which  prove  the  Jurassic  age  of  the  layers.  Pentacrimts  asteriscus 
was  also  found  at  several  other  points  in  the  ridge. 

This  ridge  is  about  three  miles  in  length,  and  ends  against  a  branch 
of  the  creek  which  separates  it  from  the  main  range.  South  of  it  is  a 
collection  of  rather  tiroad-topped  hills,  rising  about  1,800  feet  above  the 
Bear,  and  in  their  strata  dips  to  the  westward  were  seen.  It  woidd 
therefore  seem  to  be  the  western  side  of  another  anticlinal  fold,  for  in 
Coketown  Butte  and  east  of  it  the  dips  are  all  to  the  eastward  in  the 
Jurassic  rocks,  while  the  butte  itself  shows  the  anticlinal  in  the  Carbo- 
niferous limestones.  At  first  I  was  inclined  to  consider  the  latter  fold  to 
be  the  same  as  that  in  the  main  range,  but  there  are  indications  that  the 
strike  is  a  little  east  of  north,  which  would  carry  the  axis  east  of  that 
shown  at  Station  38,  and  render  it  probable  that  this  fold  is  the  same 
as  that  of  Station  41,  which  is  22  miles  north  on  a  branch  of  Thomas' 
Fork.  The  folds  are  sharper  towards  the  south,  and  we  have  seen  that 
the  limestones  in  the  centre  of  the  anticlinal  dip  80°,  and  that  the  coal- 
bed  in  the  Laramie  Group  stands  on  end.  In  the  region  of  Station  41 
the  greatest  dips  do  not  exceed  40°,  and  are  generally  only  25°  or  30°,  so 
that  the  folds  have  become  much  broader,  and  the  older  beds  do  not 
appear,  the  sandstones  of  the  Laramie  t  Group  forming  the  surface 
rocks. 

However,  before  it  can  be  asserted  that  the  folds  are  identical  a  sec- 
tion must  be  carried  directly  east  from  Station  38  to  Smith's  Fork. 
East  of  the  station  there  is  a  high,  somewhat-rounded  hill,  that  is  proba- 
bly on  the  axis  of  the  fold,  and  another  similar  one  south  of  it  appears 
to  continue  the  line  towards  Coketown  Butte.  What  the  connection  is 
between  the  Jurassic  and  the  Laramie  I  am,  in  the  absence  of  fossils 
from  the  intermediate  beds,  unable  to  determine  positively,  although  I 
think  the  Cretaceous  is  present.  The  valley  of  Bear  River  between 
Smith's  Fork  and  Thomas'  Fork  is  comparatively  narrow,  widening  out 
as  we  approach  the  latter  stream.  In  two  small  hogback  ridges  on  the 
west  side  of  the  Bear,  below  the  month  of  S  nilb's  Fork,  the  rocks  show 
westward  or  northwestward  dips.  They  piobdbly  represent  a  portion 
of  the  anticlinal  of  Coketown  Butte. 

THOMAS'  FORK. 

Thomas'  Fork  is  a  large  and  important  branch  of  t\\feT!teax.   W^x^da 
Hie  country  north  of  the  Sublette  fiange  as 'far  »&  Cwk  vwa&^aN*3* 
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Creeks  (branches  of  Salt  River),  and  also  the  country  south  and  west  of 
the  southern  end  of  the  Preuss  Range.  This  latter  region  was  not  vis- 
ited, but  was  worked  topographically  from  the  surrounding  high  country. 
From  sections  made  south  and  north  of  it,  it  has  been  considered  as 
having  the  Jurassic  as  the  surface  formation,  and  it  has  been  so  colored 
on  the  map. 

On  the  west  side  of  Thomas'  Fork,  however,  north  of  the  Sublette 
Range,  we  have  Station  41,  located  on  a  coarse,  gray  sandstone,  which 
is  conglomeritic  in  places,  and  dips  to  the  westward  at  an  angle  of 
about  45°.  Just  east  of  the  station  the  dip  is  to  the  eastward,  so  that 
the  station  is  located  on  or  near  an  anticlinal  axis.  This  is,  as  I  have 
said  before,  probably  the  fold  of  Coketm  Butte.  Following  the  axis 
to  the  north,  the  beds  of  the  station  are  seen  diverging  as  the  elevation 
increases,  so  that  when  the  divide  to  Beaver  Creek  is  reached,  under- 
lying gray  beds  (probably  Jurassic  limestones)  come  to  the  surface  and 
form  the  centre  of  the  fold.  At  the  point  of  a  ridge,  which  is  about  a 
mile  east  of  the  station,  the  following  fossils  were  obtained : 

Unto  vetustw. 
Vorkuta  pyriformis. 
Corbicula  ( Veloritina)  durkeei. 
Pyrgulifera  humerosa, 
Gonwbaais  chrysahidea. 
GoniobaM*  eleburni. 
Ostrea 


These  prove  the  beds  to  be  the  Laramie  Group,  and  equivalent  to  the 
Bear  River  Laramie. 

Between  the  point  where  these  fossils  were  found  and  the  station  there 
must  be  at  least  3,000  fecit  of  sandstones,  in  which  occurs  a  band  of 
black  shales,  like  those  of  the  section  on  the  east  side  of  Smith's  Fork. 
Fast  of  the  outcrop  containing  the  fossils  the  principal  outcrops  show 
gray  and  greenish  sandstones.  If  the  conglomeritic  sandstone  of  Sta- 
tion 11  is  the  same  as  the  conglomerate  (No.  0)  of  the  section  east  of 
Smith's  Fork,  as  I  am  disposed  to  think,  then  the  coaly,  black  shales 
above  arc?  also  identical,  and  these  beds  should,  therefore,  in  all  proba- 
bility, be  referred  to  the  Cretaceous;  but  this  division  is  made  with- 
out any  fossils  having  been  found  to  warrant  it.  In  an  accompanying 
plate  the  section  from  Station  41  eastward  is  given. 

West  of  the  station  another  synclinal  fold  is  seen,  beyond  which  the 
gray  Jurassic  layers  appear  to  outcrop  in  a  bluif  on  the  east  side  of  the 
middle  fork  of  Thomas'  Fork. 

Thomas'  Fork  joins  the  Bear  in  a  beautiful  broad  valley  which  is  from 
two  to  four  miles  in  width,  and  from  the  eastern  side,  the  Sublette  Range 
rises  nearly  4,000  feet  above  it. 

This  valley  is  apparently  amonoclinal  in  red  sandstones.  On  the  east 
side  they  rise  inclining  steeply  from  the  range4,  and  on  the  west  they  dip 
westward,  outcropping  in  low  bluffs.  The  folds  that  are  found  in  tho 
rocks  west  of  Thomas7  Fork  will  be  noted  under  the  head  of  Bear  Lake 
Plateau. 

BEAR  LAKE  PLATEAU. 

Geologically  the  Bear  Lake  Plateau  is  the  northern  continuation  of 
tin;  Bear  River  Plateau  of  King's  map  (Atlas,  Exploration  of  Fortieth 
Parallel).  Topographically  the*  latter  ends  west  of  the  south  end  of 
Bear  Lake,  where  the  Wahsatch  beds  that  form  it  are  much  more  in- 
ciiiicd,  while  on  the  east  side  the  plateau  is  continued  by  the  same 
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beds.  Immediately  south  of  the  lake  the  older  beds  outcrop  where  the 
Wahsatch  beds  are  removed,  as  I  shall  describe  a  little  farther  on.  In 
1871  Dr.  Hayden  crossed  the  plateau  very  nearly  on  our  south  line.  He 
says:* 

After  crossing  Spring  Creek,  near  Laketown,  we  enter  a  deep  cafion  with  massive 
strata  of  limestone,  inclining  about  northeast  50°  to  70°.  We  have  at  the  bottom  first, 
very  irregular-bedded,  massive,  chorty  limestone,  with  no  fossil.*;  secondly,  a  yellow, 
calcareous  sandstone  of  varied  texture ;  thirdly,  limestone  in  thin  strata,  very  much 
warped  or  bent.  *  *  *  From  the  summit  to  Bear  River  Valley  the  variegated  beds  of 
the  Wahsatch  Group  conceal  all  the  older  rocks. 

From  the  divide  we  descended  tho  valley  of  Sage  Creek  to  Bear  River  Valley.  The 
Tertiary  strata  are  nearly  horizontal  on  either  side.  These  rather  modern  beds  par- 
took of  some  of  the  later  movements,  and  incline  at  angles  from  1°  to  10°. 

Station  107  was  located  in  the  east  side  of  the  plateau  about  seven 
miles  north  of  our  south  line.  Gray  congloineritic  sandstones  outcrop 
on  the  station,  and  below  them  red  and  purplish  sandstones,  and  below 
the  latter  light-greenish  and  white  sands  and  marls.  All  these  beds 
dip  gently  to  the  eastward  from  the  station,  seeming  to  pass  beneath 
the  alluvial  deposits  of  Bear  Ki  ver  Valley.  West  of  the  station  the  dip  is 
to  the  west,  but  the  beds  soon  become  horizontal,  rising  again  a  little  as 
we  approach  the  western  edge  of  the  plateau  near  Station  108.  North 
of  Station  107  the  westward  dip  in  these  beds  becomes  greater,  and  the 
eastern  side  of  the  fold  has  been  considerably  eroded,  so  that  we  find 
that  instead  of  a  plateau  there  is  a  ridge  of  hills,  which  have  been 
named  the  Boundary  Hills,  from  the  fact  that  the  western  boundary  line 
of  Wyoming  crosses  them,  following  approximately  their  strike.  Near 
the  edge  of  Bear  River  Valley  the  Wahsatch  beds  show  in  the  hills  as 
far  north  as  opposite  the  mouth  of  Smith's  Fork.  On  the  summit  they 
extend  much  farther  north,  forming  the  capping  of  the  ridge. 

Station  108  is  on  the  west  side  of  the  plateau,  about  six  miles  north 
of  Station  107,  and  about  eight  miles  farther  west ;  Station  108  is  on 
basalt,  which  has  the  appearance  of  being  derived  from  a  dike.  There 
is  no  other  remnant  of  basalt  anywhere  else  on  the  plateau,  nor,  as  far 
as  seen,  in  the  surrounding  country  south  of  Soda  Springs,  and  this 
basalt  is  evidently  not  derived  from  the  same  source  as  that  of  Black- 
foot  Basin.  It  forms  the  capping  to  the  station,  which  is  a  i>rominent 
hill,  as  seen  from  the  sunounding  country.  On  the  maps  published  by 
the  General  Land  Oilico  it  is  named  Mount  Kimball,  and  this  name  has 
been  adopted  by  us,  as  our  plan  has  always  been  to  use  accepted  names 
tor  mountains  and  peaks  wherever  we  can  find  they  have  been  named 
either  by  the  settlers  or  previous  explorers  aud  surveyors. 

Below  the  station  the  following  section  was  made : 

Section  Xo.  26. 

1.  Basalt. 

2.  Coarse  white  sandstones. 

3.  Soft  red  sandstones  with  cfciiglomeritic  bands. 

The  entire  thickness,  including  the  basalt,  is  about  1,000  feet ;  800 
feet  is  probably  the  thickness  of  the  Wahsatch  beds  here.  They  are  all 
below  the  beds  of  Station  107.  1  was  unable  to  get  a  section  that  gave 
me  the  entire  thickness  of  the  Wahsatch  beds  on  the  plateau.  Below 
the  beds  of  the  section  just  given  a  coarse  limestone  outcrops,  one  layer 
of  which  is  filled  with  remains  of  an  indistinct  ostrea,  like  Ostrea  strigu- 
lecula.  The  dip  of  these  limestones  is  eastward,  and  the  outcrop  is 
on  the  east  side  of  a  gully,  which  separates  the  Wahsatch  beds  from  a 
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ridge  that  rises  from  the  edge  of  the  lake.    In  the  latter  the  tip  is  to 
the  westward,  and  the  following  beds  were  noted  as  fanning  the  JBettoa: 

&edo»  Ao.  27. 
1.  Red  sandstones. 

8.  Red  and  white  quartritic  sandstones. 
3*  Pink  qnartritic  sandstones. 

The  last  bed  forms  the  western  dope  of  the  ridge  that  rises  from  the 
lake  shore.  The  red  sandstones  of  layer  No.  1  are  probably  the  same 
as  those  at  the  base  of  the  section  at  Station  100,  yet  to  be  given, 
although  it  is  possible  that  they  are  just  below  them,  as  the  strike  pro- 
longed to  the  northward  would  fell  a  little  east  of  Station  100.  The 
ridges  on  the  lake  north  of  the  station  appear  to  curve  somewhat,  and 
probably  show  a  swerving  in  the  strike. 

The  finding  of  Jurassic  fossils  in  beds  dipping  to  the  eastward  indi- 
cates a  possibility  of  an  anticlinal  fold  west  of  Station  108.  T^Miiriwg 
north  from  the  station,  a  fold  is  seen  in  the  bluff  on  the  north  side  of 
North  Eden  Greek.  This  fold  is  very  distinctly  shown  in  beds  that  Be 
below  the  red  sandstones.  This  is  probably  the  same  fold  through 
which  the  Bear  flows  east  of  Station  100,  and  across  which  a  section 
has  been  made.  At  that  point  the  western  side  of  the  anticlinal  dips 
comparatively  gently.  Here,  however,  the  western  dip  is  steep,  and  at 
Station  100,  also,  the  dip  is  rather  steep,  reaching  60°.  As  we  go  down, 
however,  it  decreases.  If  it  is  another  fold,  it  must  begin  south  of  the 
Bear.  North  of  North  Eden  Greek  the  Wahsatch  beds  rest  unoomfonn- 
ably  on  the  Jurassic  and  Triassic  rocks  for  some  distance  north.  Thej 
appear  to  be  almost  horizontal,  and  to  have  been  deposited  on  the  eroded 
surfaces  of  the  upturned  older  rocks. 

South  of  Bear  Lake  the  Wahsatch  beds  have  been  removed,  exposing 
the  underlying  Palaeozoic  rocks.  On  Station  110,  east  of  Spring  Greek, 
Mr.  Mushbach  obtained  the  following  fossils  : 

Spirifer  Rocky montanus. 
Atltyris  subtilita. 

Productus f 

Zaphrentis f 

Crinoidal  fragments. 

The  limestones  from  which  these  were  obtained  dip  to  the  eastward 
and  represent  the  eastern  portion  of  the  anticlinal  that  lies  west  of  Sta- 
tion 108,  the  overlying  Red  Beds  of  Jurassic  limestones  being  eroded 
away.  A  short  distance  north  of  Station  110  the  Wahsatch  beds  rest 
on  these  limestones,  coming  to  the  edge  of  the  hill  overlooking  the  south 
end  of  the  lake.  Station  100  is  about  three  miles  west  of  110,  and  is  on 
quartzites,  whether  of  Carboniferous  or  Silurian  age  I  am  unable  to  say, 
no  fossils  having  been  obtained  from  them  or  nearer  to  them  than  Sta- 
tion 110. 

Returning  to  the  northern  portion  of  the  plateau,  we  find  it  limited 
by  the  cauon  of  Bear  River,  which  crosses  with  a  most  eccentric  course, 
best  shown  on  the  accompanying  map. 

The  following  is  the  section  from  Station  100  west  to  the  ridge  that 
slopes  to  the  edge  of  the  lake : 

Section  No.  28,  tpeat  from  Station  100. 
Base.  Thickness  in  feet 

1.  Red  sandstones ....        f 

2.  Red  sandstones,  somewhat  lighter  in  color  than  No.  1 >      <ww* 

3.  White  quartzites J      W 
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Bom.  Thicknets  in  feet 

4.  Red  sandstones,  with  interlaminated  brick-red  shales )        qq 

5.  Purplish  limestones i $ 

6.  Space  covered  by  a  red  debris^  over  which  bowlders  of  whit©  quartzifp  are"| 

scattered.  The  angle  of  dip  in  the  beds  up  to  this  point  is  40°  to  southwest.  I 

The  strike  of  the  beds  is  north  2°  west >      200 

7.  Dull  purplish-red,  coarse  sandstones,  with  about  15  feet  of  light-colored  1 

siliceous  saudstone  at  the  base J 

8.  Space  in  which  beds  are  covered )         05 

9.  Coarse,  yellowish  sandstone J 

10.  Spare  covered  (probably  sandstones) 100 

11.  White  limestone,  shaly  at  the  base,  and  having  a  yellow  band  near  the  top. 

The  strike  is  north  7°  east ;  dip,  60°  to  the  uorthwest 40 

12.  Space  in  which  beds  are  covered  by  a  reddish  ddbrti,  among  which  frag- 

ments of  limestone  are  found 540 

13.  Gray  limestones,  with  indistinct  fossils,  among  which  the  following  have  been 

identified  :  Eumicrolis  curta,  Avicnlopecten  idahoetufis 90 

14.  Bluish-gray  limestones,  with  bands  of  sandstone.    The  limestones  are  fossil- 

ifcrous,  containing  the  same  fossils  that  are  found  in  layer  No.  13 80 

15.  Gray-blue  limestones  like  No.  14.     The  strike  is  north  9°  east<$  dip,  60°  to 

the  northwest 150 

16.  Space  in  which  the  beds,  which  are  covered,  are  probably  limestones  and 

shales,  as  indicated  by  a  few  obscure  outcrops 490 

17.  Laminated  limestone  in  thin  bands,  with  shaly  layers  covered  in  many 

places  with  a  yellowish  debris 180 

18.  Space  in  which  the  beds  are  concealed 70 

19.  Bluish  and  white  limestones,  containing  traces  of  fossils  like  those  in  layers 

Nos.  13  and  14 50 

20.  Covered  space,  probably  underlaid  with  limestones 

21.  Limestones  and  shales 

22.  Space  in  which  the  beds  are  concealed 

23.  Blue  limestones ^       680 

24.  White  quartzite,  dipping  35°  north  of  west 

25.  Space  underlaid  by  quartzites  t 

23.  White  limestones,  weathering  very  white  and  pink  on  exposed  surfaces.. . 

Total 2  981 

On  layer  No.  2G  a  location  was  made.  Looking  south  from  this  point, 
the  ridges  into  which  the  beds  have  weathered  appear  to  run  out  under 
Bear  Lake. 

Station  101  is  located  3J  miles  north  of  Station  100,  and  is  on  red 
sandstones.  Between  the  stations  there  appears  to  be  a  deflection  to 
the  eastward  in  the  strike  of  the  sandstones. 

As  we  have  seen,  all  the  beds  in  the  section  have  dips  to  the  north- 
west. The  beds,  therefore,  must  be  a  portion  at  least  of  the  western 
side  of  the  anticlinal,  the  axis  of  which  is  seen  in  that  portion  of  the 
canon  of  Bear  River  where  the  river  is  flowing  almost  due  north. 

On  the  north  side  of  the  Bear,  about  due  north  of  Station  101,  there 
is  an  outcrop  of  quartzitic  sandstones  and  blue  limestones,  dipping 
north  G3°  west  at  an  angle  of  30°.  Below  these  beds  the  red  sandstones 
outcrop  at  the  point  where  the  canon  begins  at  one  of  our  sub-stations, 
and  between  are  limestones  and  limestone  shales. 

The  sub-station  (a)  is  on  a  point  opposite  where  the  Bear  bends  from 
its  northern  course  to  a  northwest  course.  At  this  bend  a  stream  comes 
in  from  the  north,  occupying  the  axis  of  the  anticlinal  in  which  the  Bear 
lies  to  the  south.  The  valley  is  continuous,  and  has  beautiful  meadows, 
which  have  been  only  partially  taken  up  by  settlers.  On  the  west  side 
of  this  valley  is  a  rather  prominent  ridge,  on  the  south  end  of  which 
another  sub-station  (b)  was  located.  This  station  is  on  red  sandstones, 
which  dip  south  of  east  about  70°.  Toward  the  north  this  dip  must  be 
more  to  the  south,  as  indicated  by  the  dips  observed  farther  down  the 
Bear  on  the  west  side  of  the  anticlinal.    Still  farther  to  the  n<Mrtk^kfc> 
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topography  indicates  that  the  strike  carves  to  the  westward,  and  con- 
tinues the  fold  northward  into  the  Preoss  Range. 

Above  the  red  sandstones  is  the  following  section,  running  eastward  to 
Thomas'  Fork,  the  figures  corresponding  with  those  in  the  accompany- 
ing plate:  * 

Section  No.  29,  from  Bear  River  eastward  to  Thomas'  Jbrfc. 

*  ■ 

1.  Bed  quartzitio  sandstone,  dip  70°  to  southeast. 
Sl  Laminated  limestones. 

3.  Blue  limestones. 

4.  Limestone  shales.  • 

5.  Bine  limestones,  with  fragments  of  an  indistinct  oetrea,  probably  0.  9tri§ulmnlmt 

dip  60°  to  southeast.  ■ 

6.  Valley  in  which  beds  axe  concealed. 

?.  Bine  limestones  dipping  southeast  rather  steeply. 

S.  Limestones  like  No.  7,  almost  vertical,  ,but  dipping  northwest.    There  Is  some 

crushing  of  the  beds  here,  but  time  did  not  permit  close  investigation  of  the 

sharp  fold. 
9.  Covered  space. 

10.  Limestones  dipping  northwest  about  45°. 

11.  Valley  covered  with  d£bris  of  limestones. 

18.  Arenaceous  and  calcareous  shales. 

13.  Space  with  covered  beds. 

14.  Laminated  blue  limestones,  dip  northwest. 

15.  Conglomerate  with  arenaceous  matrix,  containing  rounded  fragments  «f  qaaartstts 

and  limestone.    This  conglomerate  rests  horizontally  and  unconformable  on  the 
limestones  of  layer  No.  14. 

16.  Covered  space. 

17.  Limestones. 
ia  Space. 

19.  Eed  sandstones. 

90.  Valley  of  Thomas' Fork.  ' 

SI.  Bed  sandstones,  rising  high  on  the  slopes  of  the  Sublette  Range,  standing  almost 
vertical,  dipping  to  the  westward  or  northwest. 

The  red  sandstones  of  No.  19  are  probably  the  same  as  those  of  Sta- 
tion 6,  and  also  those  outcropping  across  the  Bear,  west  of  the  station. 
The  station  is  on  the  sharp  side  of  the  anticlinal,  the  beds  on  the  west 
side  dipping  comparatively  gently  to  the  west.  The  distance  between 
this  point  and  Station  100,  which  is  also  on  Eed  Beds,  seems  too  great  for 
the  Red  Beds  of  both  points  to  be  the  same  fold ;  so  that  there  is  proba- 
bly another  fold  which  begins  between  the  two  points  and  continues 
southward  toward  Station  108,  which  we  have  already  described. 

From  layer  No.  8  to  the  end  of  the  section  just  given  we  find  the  lime- 
stones, &c.  (layers  10, 12, 14, 17,  and  19),  outcropping  in  low  ridges  so 
obscurely  that  the  angle  of  dip  could  not  be  determined.  Inhere  is 
scarcely  any  doubt  of  their  Jurassic  age,  judging  from  the  few  fossils 
seen  and  their  position  in  relation  to  the  Red  Beds.  As  to  the  conglom- 
erate, layer  No.  15, 1  am  inclined  to  consider  it  of  Pliocene  age  (the  same 
as  similar  beds  in  Bear  Lake  Valley,  yet  to  be  described),  as  they  do  not 
resemble  the  Wahsatch  beds  on  the  plateau,  which  are  also  at  a  much 
higher  level.  However,  nothing  was  seen  oy  us  upon  which  any  more 
definite  statement  as  to  the  age  of  the  beds  could  be  based.  What  was 
seen  was  a  mere  fragment,  but  it  indicated  that  this  region  has  been 
covered  by  a  lake,  and  the  probability  is  that  the  lake  existed  in  late 
Tertiary,  or  possibly  in  Quaternary  time. 

The  Bear  Lake  Plateau  therefore  consists  of  an  irregularly-eroded  sur- 
face of  the  Wahsatch  conglomerates  and  sandstones  which  rest  upon 
the  upturned  and  eroded  edges  of  Paleozoic  rocks ;  the  latter  for  the 
most  part  of  Jurassic  and  Triassic  (?)  age.  Toward  the  north  the  folds 
observed  in  the  uncovered  portions  of  these  beds  show  that  before  the 
deposition  of  the  Wahsatch.  Group  th&  older  rocks  were  subjected  to 
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considerable  upheaval  and  compression  resulting  in  the  formation  of  a 
series  of  folds  with  northeast  and  southwest  axes.  Following  this  fold- 
ing was  a  period  of  erosion  when  the  beds  were  probably  above  the  sea 
level.  Subsequently  they  formed  a  portion  of  the  bottom  of  the  early 
Tertiary  lake,  to  be  again  uplifted  and  eroded  late  in  Tertiary  time.  The 
Wahsatch  beds  show,  as  we  have  seen,  a  slight  synclinal  on  the  plateau, 
and  west  of  it,  along  the  east  edge,  of  the  Bear  Eiver  Eange,  south  of 
Bear  Lake,  they  are  quite  sharply  upturned.  Following  the  erosion  of 
the  Wahsatch,  we  find  evidences  of  another  lake,  which  was  probably 
quite  local. 

BEAR  LAKE  VALLEY. 

From  the  canon  at  the  north  end  of  the  Bear  Lake  Plateau  the  river 
comes  out  into  a  broad  valley,  which  is  evidently  an  old  lake  basin.    It 


emerges  again 

is  Bear  Lake.  It  occupies  the  depression  between  the  Bear  Lake  Pla- 
teau and  the  Bear  Biver  Range.  It  is  evident  that  the  existing  lake  is 
but  the  remnant  of  one  that  was  much  larger.  The  view  of  the  lake 
from  the  Bear  Lake  Plateau  is  beautiful  $  the  water  has  an  exquisite 
blue  tint,  which  is  equalled  by  few  bodies  of  water  in  any  part  of  the 
world.  The  shape  of  the  lake  is  somewhat  peculiar,  both  the  north  and 
south  ends  being  almost  square-cornered.  The  length  is  19  miles,  and 
the  greatest  width  8  miles.  The  average  width  of  the  main  body  is 
about  6  miles.  Toward  the  south  it  narrows  to  4  miles.  The  shape  of 
the  lake  is  best  appreciated  by  reference  to  the  map.  The  depth  of  the 
lake,  as  given  in  the  report  of  1871  (p.  156),  is  175  feet  at  the  deepest 
portion,  with  an  estimated  average  depth  of  40  to  CO  feet.  The  lower 
portion  of  the  lake  is  in  Utah  and  the  upper  portion  in  Idaho,  the  line 
crossing  it  a  little  north  of  the  mouth  of  Swan  Creek. 

The  marsh  north  of  the  lake  is  separated  from  it  by  a  very  narrow, 
beautifully  curved  bar,  which  is  only  slightly  raised  above  the  level  of 
the  water.  This  marsh  is  partially  lake,  near  the  main  lake,  and  at 
some  seasons  must  be  a  real  lake  of  considerable  extent.  This  fact  has 
led  to  confusion  on  some  maps  which  give  two  lakes.  When  we  were 
there,  in  August,  the  lower  body  was  almost  entirely  a  marsh. 

There  arc  numerous  towns  in  the  valley.  At  the  south  end  of  the  lake 
Lake  Town  and  Meadowville  are  two  flourishing  villages,  with  popula- 
tions of  a  little  over  100  each.  On  the  west  side  are  the  following  towns: 
Swan  Greek,  Fish  Haven,  Saint  Charles,  Bloomington,  Paris,  Ovid,  and 
Liberty.  Below  the  marsh,  on  Bear  River,  the  towns  are  Montpelier, 
Bennington,  and  Georgetown.  The  entire  population  of  the  valley  is 
about  1,500. 

On  the  east  side  of  the  lake  there  is  a  very  limited  area  of  cultivable 
land  on  which  there  are  several  small  settlements. 

The  soil  of  Bear  Lake  Valley  is  fertile  and  well  watered,  but  the  win- 
ters are  severe,  and  late  and  early  frosts  are  frequent.  The  elevation  of 
the  lake  is  5,943  feet.  Wheat  of  good  quality  is  raised.  The  geology  of 
the  eastern  side  of  the  lake  has  been  given  under  the  head  of  the  Bear 
Lake  plateau.  South  of  the  lake  there  is  a  broad  valley  covered  with 
Quaternary  deposits,  which  represent  an  area  of  good  agricultural  land. 
In  the  hills  Carboniferous  limestones  and  quartzites  outcrop  from  beneath 
the  Wahsatch  beds.  The  latter  rise  on  the  western  flank  of  the  Bear 
River  Range.  The  southwest  side  of  the  lake  was  not  visited  \y$  \s\s^ 
but  from  the  notes  of  Mr.  Mushbach  it  is  evident  ttiafc,  \>&fc  "^N  *tas»todb> 
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Group  is  not  seen  north  of  Swan  Creek.  On  the  west  side  of  the  southern 
extremity  of  the  lake,  Mr.  Mushbach  made  two  stations  on  a  small  hog- 
back-like ridge,  in  which  a  eonglomerilie  quartzite  outcrops  with  eastern 
dips.  Xear  the  mouth  of  Swan  Creek  similar  quartzites  were  seen  by 
him,  with  eastern  dips,  while  in  the  range  to  the  westward  the  dip  is  to 
the  west.  There  is  here,  therefore,  an  anticlinal,  the  northern  extension 
of  an  anticlinal  that  lies  beneath  the  Bear  liiver  plateau,  or  perhaps  the 
eastern  portion  of  the  very  broad  anticlinal  that  lies  west  of  it,  as  shown 
on  the  maps  of  the  Fortieth  Parallel  Survey.  The  latter  fold,  however, 
probably  becomes  narrower  as  it  extends  to  the  north. 

This  anticlinal  near  Swan  Creek  is  the  same  one  referred  to  by  Dr. 
Hayden  in  the  report  for  1871  (p.  157),  when  he  says:  u The  beds  of 
quartzite  incline  like  a  steep  roof  from  the  west  side  of  the  mountain, 
forming  a  wall  very  near  the  road.  The  inclination  of  the  quartzites 
was  00°,  while  all  along  the  sides  of  the  mountains  the  basset  ridges  of 
the  strata  are  shown  inclining  in  an  opposite  direction  10°  to  15°?  The 
lake  is  probably  underlaid  by  at  least  one  anticlinal  fold.  We  haye  seen 
that  the  ridges  south  of  Station  1(H)  run  out  under  the  lake.  Quartzites 
are  the  prevailing  rocks  in  the  foothills  on  the  west  side  of  the  lake,  and 
they  come  down  close  to  the  lake,  forming  rounded  ridges,  between 
which  there  are  numerous  rapid  and  clear  streams. 

From  the  north  end  of  the  lake  the  valley  on  the  west  side  wideus, 
and  west  of  the  marsh  it  is  from  two  to  three  miles  to  the  edge  of  the  hills. 
Northwest  of  the  town  of  Paris  outcrops  of  white  beds  are  seen  on  the 
lower  hills.  Station  115  was  also  located  on  similar  hills  in  which  white 
limestones  and  sandstones  outcrop.  Remnants  of  similar  beds  sire  also 
nee-11  on  the  hills  to  the  westward  of  the  station.  Thev  are  so  like  the 
beds  seen  in  various  portions  of  Cache  Valley  tluit  they  have  been  col- 

?  ored  as  representing  the  same  formation,  viz,  Pliocene  Tertiary,,  Back 
of  Montpclicr,  on  the  east  side  of  the  valley,  limestones  are  seen  with  a  dip 
to  the  westward.     They  come  up  over  the  ridge  and  are  probably  of 

7  Jurassic  age.?  A  little  farther  south  an  outcrop  of  white  sandstone  was 
noted,  pTonably  Pliocene  ?  The  valley  here  is  very  broad  and  covered 
with  a  local  drift.  This  drift  extends  along  the  valley  of  the  Bear  as  far 
as  Soda  Springs.  The  Pliocene  beds  are  probably  present  on  both  sides 
of  the  vallev  as  far  as  Twin  Creek.  The  latter  stream  drains  the  west- 
ern  slopes  of  the  Preuss  Range.  It  has  a  broad  meadow-like  valley,  in 
which  ( leorgetown  is  located.  The  southwest  spurs  of  the  Preuss  Range 
are  probably  composed  of  Jurassic _rocks,%although  the  Carbonilerous 
may  show  in  some  of  the  deeper  gorges.  Rack  of  Bennington  Dr.  Hay- 
den made  the  following  section  in  1871 :  # 

Top.  Feet. 

1.  Massive  yellowish-gray,  hard,  and  quite  pure  limestone :200 

ii.  Hard,  tou^h,  Muish  or  steel  «rray,  calcareous  mud,  with  all  the  peculiar  mark- 
ings ol'a  shallow  mud-deposit,  in  layers  from  an  inch  to  two  leet  in  thickness 
and  very  regular 300 

Total TOO 

I  think  there  is  very  little  doubt  of  the  Jurassic  age  of  these  beds,  as 
they  appear  to  correspond  ch\scly  to  the  beds  observed  in  the  Asj>en 
Kidgc,  which  continues  the  folds  to  the  northwest. 

Just  north  of  Georgetown  there  are  several  buttes  in  which  white 
sandstones  and  conglomerates  outcrop.  These  1  have  referred  to  the 
Pliocene.  The  valley  of  Bear  liiver  between  Georgetown  and  Soda 
Springs  was  not  passed  over  by  ine,  but  there  is  no  doubt  as  to  its  being 


.* 


*  Keport  U.  J6.  Geol.  Survey  for  ld71,  1872,  p.  155. 
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occupied  by  lake  deposits.    This  valley  was  described  by  Dr.  Hayden 
ill  1871,  and  I  quote  from  his  report:* 

About  three  miles  above  Soda  Springs,  on  the  margin  of  Bear  River,  there  is  a  bed 
of  black  slaty  clay  underneath  the  superficial  deposits  of  drift,  which  contains  a  seam 
of  impure  coal,  visible  only  when  the  water  is  low  in  autumn.  The  slate  above  the 
coal  is  literally  crowded  with  fresh-water  shells,  as  Planorbis,  &c. 

A  little  farther  up  the  river,  on  the  opposite  side  there  are  hills,  cut  by  the  river, 
showing  about  200  feet  of  gray  indurated  sandstones,  with  beds  of  pudding-stones 
and  light  gray  and  whitish  marly  sand  and  clay,  a  very  modern  deposit,  but  attaining 
such  a  thickness  and  giving  form  to  the  high  hills  bordering  the  river,  as  to  be  regarded 
as  worthy  of  attention  in  describing  the  geological  features  of  this  valley.  I  may  state, 
in  short,  that  for  10  miles  the  valley  and  the  foothills  on  either  side  exhibit  an  exten- 
sive dejK)sit,  gradually  passing  up  into  the  Quaternary  or  drift,  and  over  the  drift  is 
here  and  there  a  crust  of  basalt.  There  are  also  old  spring  deposits  in  the  form  of 
rather  compact  tufa. 

About  fifteen  miles  above  Soda  Springs  the  river  cuts  through  a  vast  thickness  of 
thin  shales,  varying  in  thickness  from  one-twentieth  of  an  inch  to  an  inch,  averaging 
about  one-eighth  of  an  inch,  thick,  resembling  the  Green  River  shales  on  the  Union 
Pacific  Railroad.  They  are  mostly  horizontal,  but  occasionally  incline  3°  to  5°.  They 
reach  a  thickness  of  500  to  800  feet  and  appear  to  pass  up  into  variegated  beds  of  light 
gray  and  pink  sands  and  clays  in  this  valley,  resembling  those  of  the  Wahsatch  Group 
west  of  Fort  Bridger. 

The  appearance  of  the  large  mass  of  shales  in  the  valley  of  Bear  River  is  not  easily 
accounted  for,  and  they  do  not  appear  to  conform  to  the  older  rocks.  No  fossils  could 
be  found  in  the  shales,  and  all  I  can  say  of  them  is  that  they  appear  to  be  of  Modern 
Tertiary  age,  and  that  in  the  scooping  out  of  the  valley  they  seem  to  have  escaped 
the  general  erosion. 

These  beds  last  described  are  probably  of  Pliocene  age  and  equivalent 
to  those  of  Cache  Valley  and  the  Malade  Valley.  What  their  extent  is 
on  the  west  side  of  the  river  I  am  unable  to  say.  They  probably  extend 
northward  from  Station  115,  forming  the  lower  hills  west  of. the  river,  but 
north  of  Georgetown,  I  have  no  data  as  to  their  limit  westward.  I  have 
therefore  colored  them  oidy  as  bordering  the  valley  along  the  foot-hills  of 
the  Bear  River  Range. 

The  coaly  layer  noted  three  miles  above  Soda  Springs  is  probably  of 
the  same  age  as  a  bed  noted  in  Gentile  Valley,  with  which  Planorbis, 
Spharmm,  Lim-ncea,  and  other  fresh-water  forms  were  associated.  The 
beds  in  the  latter  ease  passed  under  the  basalt,  as  do  those  near  Soda 
Springs.  It  is  altogether  probable,  therefore,  that  the  lake  of  Gentile 
Valley  and  Basalt  Valley  connected  by  a  narrow  inlet  with  the  lake 
that  tilled  the  Bear  Lake  Valley  and  the  valley  of  Bear  River,  north  of  it. 

We  can,  therefore,  with  considerable  accuracy  state  that  the  Bear 
"River  Valley  is  a  basin  of  at  least  three  lakes.  First,  the  Pliocene  Ter- 
tiary Lake ;  second,  the  lake  (probably  Early  Quaternary)  which  depos- 
ited the  coaly  strata ;  and  thirdly,  the  late  Quaternary  Lake,  of  which 
a  remnant  still  exists  in  Bear  Lake  and  Bear  Marsh.  Whether  the  lake 
was  continuous  from  Pliocene  time  is  difficult  to  say,  but  it  probably 
was  not.  At  the  end  of  the  Pliocene  deposition  there  must  have  been 
orographical  disturbance,  as  we  note  dips  in  the  strata  at  all  localities 
where  the  beds  have  been  seen.  These  dips  at  some  places,  as  in  Bear 
Lake  Valley,  are  only  a  few  degrees,  but  in  others  they  were  as  high  as 
60°.  This  "subject  will  be  referred  to  again  in  the  risumi  of  the  forma- 
tions. 

PREUSS  RANGE. 

The  main  portion  of  the  Preuss  Range  was  described  in  the  preceding 
chapter  under  the  head  of  the  Blackfoot  River,  which  drains  the  greater 
portion  of  the  mountains.  The  southern  spurs,  however,  form  the  east 
side  of  the  Bear  Lake  Valley,  and  the  Aspen  Ridge  is  the  boundary 

*  Report  U.  S.  Geol.  Survey,  1871,  1872,  pp.  \54,  XS&.  " 
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ftf  tJrtltaw  rttver  VaBfty  on  the  east  side  from  Georgetown  to  Sodn 
Springs.  Mount  Pfeuas  la  tlie  culminating  ]>nint  in  the  range  and  at- 
tains an  deration  of  .9,979  feet.  To  the  southward  the  range  soon  lulls 
oft' anil  'issic  limestones  curve  over  tlie  ridges  in  ■  series  of  folds, 

probably  not  more  than  two  in  number.  This  region  was  not  crossed, 
ami  we  have,  therefore,  no  geological  data  to  present  in  regard  to  it. 

f  the  range  are  well  timbered,  and  give  the  settlers  in 
the  valley  a  >d  source  of  supply  for  pine  wood.  The  principal  streams 
draining  the  southern. portion  of  the  range  are  Twin  Creek  and  Tullock's 
Fork,  or  Davis*  Creek.  The  tatter  in  reality  drains  the  ridges  just 
south  of  the  range.  Between  the  two  creeks  are  several  streams,  which 
in  tin-  spring  furnish  water  for  irrigation.  Late  in  the  summer  most  of 
them  are  without  water. 

The  nucleus  of  the  range,  as  we  have  already  noted,  is  CarbooUerons, 
the  limestones  being  Tory  sharply  folded  towards  the  north.  Jaraatie 
limestones  and  sanajffones,  with  beds  of  auartzite,  are,  however,  the  pre- 
vailing tools.  Tbefr  southern  prolongations  were  crossed  hi  toe  cabon 
of  Bear  River  noron  of  the  Bear  Lake  Plateau. 

The  section  of  the  beds  at  (he  latter  point  has  already  been  given,  and 
the  sections  north  of  Mount  Prensft  will  be  found  in  the  preceding 
chapter. 

SODA  SPRINGS  AND  BOAR  BTV£B  BHHD. 

The  soda  springs  at  the  bend  of  Bear  Eiver  have  long  been  known, 

as  the  old  EmigrantBoad  passes  by  them.   On  account  of  tteeflerveaoiiig 

,  gas  and  pleaaarit  pnngent  taste  of  th*  water  in  some  of  the  springs,  they 

'   were  known  as  the  Beer  Springs.   Moat  of  the  spring*  are  coW,  oaJy 

one  or  two  properly  deserving  the  ttMnfl  of  thermal  springs.    Tbeprin- 

cipal  one  is  the  one  named  the  Steamboat  Spring  by  Fremont. 

Steamboat  Spring. — This  spring  is  on  the  bank  of  the  river,  near  the 
edge  of  the  water.  It  has  a  small  cone  about  two  feet  in  diameter, 
risin  g  several  inches  above  the  surrounding  level.  The  opening  is  coateti 
with  a  bright  red  deposit  of  iron.  There  is  a  large  escape  of  carbonic 
acid  gas,  which  agitates  the  water  so  violently  that  it  appears  to  be 
boiling.  It  is  thrown  about  two  feet  at  the  highest,  although  this  is 
only  at  intervals.  It  is  accompanied  by  a  subterranean  noise,  from 
which  tact  it  was  named.  The  deposit  is  hard  and  almost  like  porcelain. 
An  analysis  is  given  in  Fremont's  Report,*  which  is  quoted  below. 

Analysts. 

Carbonate  of  lime 9S.E6 

Carbonato  of  magnesia ti.il 

Oxide  of  iron 1.06 

Silica  > 

Alnmino  J. 5.96 

Water  and  lose  ) 

100. 00 

The  water  is  not  very  agreeable  in  taste.  It  is  slightly  sharp,  with  a 
metallic  and  sweetish  taste.  Its  temperature  at  1.30  p.  m.,  when  the 
air  was  at  80°  F.,  was  88°  F.  The  following  day  it  was  87j°  F.  In  1871, 
the  temperature  was  given  as  85$°  F.  The  difference  is  probably  due 
to  a  difference  in  thermometers,  the  temperature  given  by  Fremont 
is  87°,  showing  that  there  has  been  but  little  or  no  change  in  the  tem- 
perature. There  is  a  very  slight  overflow  of  -water.  Near  this  spring 
•Fremont's  First  wid  Second  Expeditious,  18*2-'43  and  '44. 
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arc  two  small  rents,  from  which  hot  air  and  gas  escape.  The  tem- 
peratures here  were  83°  F.  and  85°  F.  There  is  a  great  deal  of  old 
deposit  surrounding  these  springs,  and  the  remnants  of  spring  basins, 
in  which  the  springs  have  long  bevsn  extinct,  are  seen  in  many  places. 
On  the  opposite  side  of  the  Bear  several  reddish  and  yellowish  cones  or 
chimneys  are  still  standing. 

A  small  bluff  just  above  the  Steamboat  Spring  has  a  curious  bright-yel- 
low tufa,  with  a  coral-like  structure,  which  has  been  deposited  by  springs 
in  times  long  past.  It  is  calcareous,  colored  with  iron.  The  whole  bank 
of  the  river  for  some  distance  is  made  up  of  tufa.  Even  some  distance 
back  from  the  river  there  is  but  little  soil,  the  hard  tufa  forming  most 
of  the  surface,  covered  in  many  places  with  a  saline  efflorescence. 

Above  the  mound  of  yellow  tufa,  a  creek  comes  in,  which  we  will  call 
Basin  Creek,  as  the  large  spring  at  the  head  of  it  was  called  Basin  Spring 
by  Fremont. 

Basin  Creek. — Kear  the  mouth,  in  a  gully  about  300  yards  from  the 
Steamboat  Spring,  is  a  spring  about  three  feet  in  diameter.  There  is  no 
iron  deposit ;  and  the  water  has  a  sharp,  sweetish  taste,  with  a  slight 
escape  of  carbonic-acid  gas.  Its  temperature  was  50°  F.,  with  the  air 
at  79°  F.  This  spring  I  have  named  Cold  Spring.  Kear  it  is  a  small 
hole,  from  which  gas  escapes  through  the  water  with  considerable  noise. 

Near  the  head  of  the  creek  there  arc  several  springs,  some  of  which 
are  ordinary  cold  springs.  The  largest  spring  is  Basin  Spring.  This 
spring  was  not  visited  by  us  this  year.  The  following  description  was 
given  in  the  Kei>ort  for  i871  (p.  152)  by  Dr.  Hayden : 

Near  the  foot  of  the  hills,  a  mile  from  the  river,  there  is  a  soda  spring,  with  a  mound 
about  10  feet  high,  with  a  large  rim  30  by  100  feet,  but  with  a  small  quantity  of  water 
compared  with  what  formerly  flowed  from  it ;  tem]>erature,  53$°.  Near  this  spring 
are  a  number  of  large  springs  issuing  from  beneath  the  hiUs  of  limestone,  without  the 
deposit  or  the  taste  of  the  acidulous  ones,  so  that  wo  have  in  close  proximity,  and 
apparently  coming  from  the  same  rock,  with  about  the  same  temperature,  acidulous 
and  non-acidulous  springs.  There  were  two  springs  the  waters  of  which  were  above 
the  ordinary  temperature,  respectively,  70$°  aud  78°. 

This  spring  is  without  doubt  the  same  one  described  as  follows  by 
Fremont  :* 

Descending  the  mountains  and  returning  towards  the  camp  along  the  base  of  the 
ridge  which  skirts  the  plain,  I  found  at  the  foot  of  a  mountain  spur,  and  issuing  from 
a  compact  rock  of  a  dark  blue  color,  a  great  number  of  springs  having  the  same  pungent 
and  disagreeably  metallic  taste  already  mentioned,  the  water  of  which  was  coUccted 
into  a  very  remarkable  basin,  whose  singularity  perhaps  made  it  appear  to  mo  very 
beautiful.  It  is  large — perhaps  50  yards  in  circumference — and  in  it  the  water  is  con- 
tained at  an  elevation  of  several  feet  above  the  surrounding  ground  by  a  wall  of  cal- 
careous tufa,  composed  principally  of  the  remains  of  mosses,  three  or  four,  and  some- 
times ten  feet  high.  Tho  water  within  is  very  clear  and  pure,  and  three  or  four  feet 
deep,  where  it  could  bo  conveniently  measured  near  the  wall ;  and  at  a  considerably 
lower  level  is  another  pond  or  basin  of  very  clear  water,  and  apparently  of  consider- 
able depth,  from  the  bottom  of  which  the  gas  was  escaping  in  bubbling  columns  at 
many  places.  This  water  was  collected  into  a  small  stream,  which  in  a  few  hundred 
yards  sank  under  ground,  reappearing  among  the  rocks  between  tho  two  great  springs 
near  the  river,  which  it  entered  by  a  little  fall. 

On  the  eastern  branches  of  Basin  Creek  there  are  several  springs,  in 
whicli  the  water  is  cold  and  of  agreeable  taste.  In  1871  some  of  these 
were  named  and  temperatures  taken  as  follows : 

Mill  Springs,  5G.JQ  F.,  58©  F.,  53.4°  F.— These  are  situated  at  tho  end 
of  a  ridge  northwest  of  the  west  village. 

Left-Hand  Springs,  54£°  F.,  52£°  F. — These  are  northwest  of  the  Beer 
Springs. 

Beer  Springs. — The  Beer  Springs,  as  named  by  Fremont,  are  on  the 

*  Fremont's  First  and  Second  Expeditions,  184&-?4&-'44,  ^.  Y3&. 
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north  side  of  the  road  on  the  west  side  of  Soda  Spring  Greek.    He 
says: 

• 

They  are  very  numerous  and  half  hidden  by  toils  of  grass.  *  *  *  They  am  some 
of  them  deep  and  of  various  sizes,  sometimes  several  yards  in  diameter,  and  kept  in 
constant  motion  by  oolnmns  of  escaping  gas.  By  analysis,  one  quart  of  the  water 
contains  as  follows: 


Sulphate  of  magnesia 12.10 

Sulphate  of  lime 2.12 

Carbonate  of  lime 3.86 

Carbonate  of  magnesia 3.J2J 

Chloride  of  calcium VSS 

Chloride  of  magnesium 1.1* 

Chloride  of  sodTum 2.24 

Vegetable  extractive  matter,  oVc 0.85 

28.84 

The  carbonic  acid  originally  contained  in  the  water  had  mainly  escaped  before  it 
was  subjected  to  analysis,  and  it  was  not,  therefore,  taken  into  consideration. 

I  am  unable  to  identify  his  large  Beer  Spring  in  which  the  tempera- 
tures obtained  by  him  were  6S°  and  50°.  North  of  the  road,  however, 
there  is  a  red  mound  in  which  the  springs  are  extinct,  bat  I  think  this  is 
too  far  from  the  river  to  be  the  locality  of  the  springs  mentioned  by 
him. 

River  Springs.— This  name  I  .have  given  to  a  couple  of  springs  near 
the  river,  between  Basin  Creek  and  Soda  Spring  Greek.  They  are  about 
25  yards  above  Cold  Spring,  and  gave  the  following  temperatures  with 
the  air  at  90°  F.:  Spring  No.  1,  71°  F.:  spring  No.  2,  59°  F.  These  I  be- 
lieve  to  be  the  springs  put  down  on  the  map  made  in  1871*  with  tem- 
peratures of  65°  and  66&°,  as  they  are  surrounded  with  extinct  basins  or 
holes  and  occupy  the  same  relative  position.  In  the  river  opposite 
these  springs  there  are  many  points  of  ebullition,  showing  the  presence 
of  springs  in  its  bed,  which  has  a  layer  of  tufa  at  the  bottom. 

Iron  Springs. — Two  of  the  most  agreeable  tasting  springs  are  situated 
near  the  mouth  of  Soda  Spring  Creek,  on  the  east  side,  near  the  west 
village. 

Spring  2VTo.  1  has  a  slight  ebullition  of  carbonic-acid  gas;  its  tempera- 
ature  was  54°  F.,  with  the  air  at  78°  F. 

Spring  No.  2  is  quiet,  but  the  water  is  very  pungent;  the  basin  is 
bright  red  in  color;  the  temperature  was  G0°  F.,  air  78°  F.' 

The  town  of  Soda  Springs  is  on  Soda  Spring  Creek,  about  a  mile  and 
a  half  from  the  west  village,  which  formerly  was  called  Morristown. 
Near  it  there  are  several  important  springs.  One  of  these  is  called  the 
Pavilion  Spring. 

Pavilion  Spring. — It  has  been  walled  up  and  a  pavilion  erected;  it  is 
close  to  the  creek  and  is  rather  agreeable  in  taste;  considerable  gas 
escapes,  and  the  basin  is  lined  with  iron  oxide ;  the  temperature  was 
52°  F.,  with  the  air  at  82°  F.  In  the  creek  opposite  the  spring  there 
are  several  points  from  which  gas  escapes  through  the  water,  and  above 
the  Pavilion  there  are  several  small  springs.  What  will  attract  notice 
first  here,  however,  are  the  cone-like' mounds  west  of  the  town.  These, 
in  1871,  were  called  Pyramid  Springs  and  Bluff  Springs,  and  I  shall 
retain  the  names  in  the  description. 

Pyramid  Springs. — The  mound  on  which  these  springs  are  located  has 
been  built  layer  by  layer  from  the  sediment  left  by-  the  evaporation  of 
the  water  as  it  has  poured  over  the  sides  from  the  springs.  There  is  a 
spring  on  the  summit  from  which  water  is  run  into  a  teak  to  supply 
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bath-houses.  The  channel  conveying  the  water  is  coated  with  iron  oxide. 
Very  little  gas  escapes  from  the  spring.  Below  the  summit  there  are 
two  springs;  one  of  them  is  about  two  feet  in  diameter  and  gives  off 
considerable  gas.  There  are  besides  several  small  holes,  in  which  the 
water  is,  for  the  most  part,  perfectly  quiet.  The  temperatures  were  the 
same  in  all  the  springs,  viz,  80°,  with  the  air  at  74°. 

At  the  south  end  of  the  mound  there  are  springs  in  which  the  follow- 
ing temperatures  were  noted:  No.  1,  81°  F.;  No.  2,  80°  F.;  with  the  air 
at  85°.  There  are  also  several  small  places  from  which  water  trickles. 
These  springs  are  all  exposed  to  the  direct  rays  of  the  sun. 

Bluff  Spring. — This  spring  is  situated  on  a  mound  similar  to  the  one 
just  described.  The  water  has  been  used  for  bathing  purposes,  but  the 
bath- houses  have  been  destroyed.  There  are  two  principal  springs,  with 
temperatures  of  78°.  There  are  also  a  number  of  small  holes  from  which 
water  trickles. 

These  springs  are  the  ones  described  by  Fremont  as  the  Fountain 
Springs.  He  says :  "At  a  former  time,  when  these  dried-up  fountains 
were  all  in  motion,  they  must  have  made  a  beautiful  display  on  a  grand 
scale ;  and  nearly  all  this  basin  appears  to  me  to  have  been  formed  under 
their  action,  and  should  be  called  the  place  of  fountains." 

Fremont,  however,  did  not  see  the  Hooper  Spring  nor  the  Formation 
Springs. 

Hooper  Spring. — This  spring  is  the  best  spring  of  the  entire  group.  It 
is  on  Soda  Spring  Creek,  nearly  4  miles  above  its  mouth  and  about  1J 
miles  above  the  town.  It  is  close  to  the  edge  of  the  stream  and  is  square", 
measuring  10  feet  9£  inches  by  10  feet  9£  inches.  It  has  probably  been 
artificially  enlarged.  There  are  five  points  of  very  active  ebullition,  caused 
by  the  escape  of  carbonic  acid  gas,  which  gives  the  water  an  extremely 
agreeable  taste.  The  basin  is  lined  with  a  deposit  of  iron  oxide.  The  tem- 
perature was  53°,  while  the  air  was  78°.  Clos^to  the  spring  there  are  a 
number  of  muddy  pools  and  springs  surrounded  with  turf.  The  water 
in  them  is  below  the  general  surface  and  the  openings  are  generally 
smaller  than  the  springs  beneath.  Carbonic-acid  gas  escapes  in  great 
quantity,  as  we  soon  appreciate  when  we  stoop  to  look  into  the  springs. 
Some  of  the  holes  contained  dead  frogs  that  looked  as  though  they  were 
still  alive.  Other  holes  contained  blackbirds  that  had  been  suffocated  by 
the  gas  escaping  from  the  concealed  springs. 

Formation  Springs. — About  four  miles  above  the  mouth  of  the  creek 
and  two  miles  east  of  the  Hooper  Spring,  on  the  east  side  of  the  valley, 
is  a  collection  of  basins  of  old  springs  formed  of  calcareous  tufa.  There 
is  at  present  but  little  water.  The  place  is  called  Formation  or  Petrify- 
ing Springs.  There  is  an  area  of  perhaps  a  half  a  square  mile,  which  is 
covered  with  semicircular  basins  of  coarse  tufa.  Some  are  six  feet  in 
depth  and  of  various  sizes.  These  basins  are  empty.  The  partitions 
are  several  feet  in  thickness  and  lined  with  stalactitic  and  other  tufa- 
ceous  ornamentation.  In  some  there  are  huge  masses  that  have  been 
formed  by  the  coating  of  plants,  in  which  the  form  of  the  leaf  and  twig 
are  perfectly  retained.  The  water  holding  the  carbonate  of  lime  in  solu- 
tion has  poured  over  the  plants,  and,  evaporating,  has  coated  them  so 
as  to  bind  them  into  one  mass.  This  process  is  seen  at  all  calcareous 
springs,  and  at  the  bath-houses  in  the  village  wire  baskets  are  coated 
by  allowing  the  water  to  flow  over  them  and  evaporate.  The  basins  of 
the  Formation  Springs  are  much  like  the  basins  at  Gardiner's  Kiver.  in 
the  Yellowstone  National  Park,  but  the  deposit  is  evidently  much  older, 
and  instead  of  the  gray  tint  that  the  latter  acquires  with  age  thia  ha&  ^w 
yellow  tint.    The  tufa  is  quite  hard,  and  specimens  oi  \t  «ratren£MsoKfcs 
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seen  for  sale  on  Hie  Union  Pacific  Railroad.  Then  is  but  little  doubt 
that  these  springs  wUl  become  one  of  the  pleasure  resorts  of  Idaho-  In 
1877  about  thirty  people,  mostly  from  Salt  Lake,  Utah,  had  visited  them. 
There  is  no  hotel,  and  the  accommodations  are  limited,  bat  the  beaotifld 
valley  and  the'  picturesque  scenery  of  the  surrounding  hills  must  event- 
ually attract  attention  from  tourists.  There  is  game  in  the  mountains 
and  the  streams  abound  in  trout. 

In  the  following  table  I  present  the  observations  of  last  year  in  com- 
parison with  those  made  in  former  years : 
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Observations  in  IBTT. 

Observations  In  1*71  by 
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logical Surrey. 
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The  thermometers  used  in  1871  were  ordinary  thermometers,  while 
those  used  in  1877  were  made  especially  for  taking  the  temperatures  of 
springs.  The  table  just  given  shows  that  very  few  of  the  springs  can  be 
classed  as  thermal,  few  if  any,  except  the  Steamboat  spring,  exceeding 
the  temperature  of  the  air.  Observations  should  be  made  in  the  winter, 
however,  to  determine  whether  the  temperatures  exceed  the  mean  an- 
nual temperature.  Some  of  the  springs  exposed  to  the  direct  rays  of 
the  snn  are  evidently  raised  in  temperature. 

One  cannot  help  being  reminded  as  he  wanders  among  the  extinct 
spring-basins  that  they  are  dying  out,  and  long  ago  must  have  been 
wonderful  in  their  dimensions  and  phenomena.  As  Dr.  Hayden  has 
said,  "At  this  time  they  may  be  called  simply  remnants  of  former 
greatness." 

The  formation  of  the  cones  is  similar  to  what  is  seen  in  the  cones  of 
hot  springs,  viz,  the  overlapping  of  successive  layers.  It  is,  therefore, 
exceedingly  probable  that  these  springs  were  once  all  boiling  or  at  least 
hot  springs. 

A  few  miles  east  of  the  village  of  Soda  Springs  at  the  mouth  of  a 
small  canon  there  is  a  collection  of  sulphur  springs  and  a  pool  or  lake, 
the  surface  of  which  is  agitated  by  the  escape  of  carbonic  acid  gas  and 
sulphuretted  hydrogen,  which  fills  the  surrounding  otoQOB^bsafc.  Tas. 
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water  is  cold  and  acid  in  reaction.    The  earth  and  stones  sorronnding 
are  coated  with  sulphur. 

The  north  and  east  sides  of  the  valley  of  the  Bear,  near  the  springs, 
are  floored  with  basalt,  which  does  not  extend  across  the  river  but  leaves 
a  broad  valley  of  Quaternary  between  the  river  and  the  mountains.  At 
the  bend  of  the  river  the  valley  is  only  a  little  over  a  quarter  of  a  mile  in 
width.  The  river  is  on  the  south  side  in  a  canon,  the  walls  of  which  on 
the  north  side  are  basaltic,  with  irregular  columnar  form.  On  the  south 
are  the  limestones  of  the  northern  end  of  the  Bear  River  Range.  This 
point,  according  to  Fremont,  has  been  named  Sheep  Rock.  From  this 
gap  the  Bear  passes  out  into  Basalt  Valley. 

SODA  SPRINGS  VALLEY. 

The  valley  of  Soda  Spring  Creek  extends  from  Bear  River  northward 
to  the  plain  of  the  Blackfoot,  already  described,  and,  as  in  the  latter,  the 
floor  is  basalt.  The  source  of  the  flow  is  found  in  the  craters  near  the 
Blackfoot.  The  slope  of  the  valley  is  to  the  southward.  Near  the  hills 
walls  of  basalt  are  seen,  in  which  an  irregular  columnar  structure  was 
seen.  There  are  numerous  fissures  and  sink-holes,  and  whatever  drain- 
age there  is  from  the  hills,  with  the  exception  of  Soda  Spring  Creek, 
sinks  beneath  the  basalt.  The  Aspen  Ridge,  which  is  the  eastern 
boundary  of  the  valley,  has  been  already  described.  On  the  west  are 
the  Soda  Springs  hills. 

SODA  SPRINGS  HILLS. 

North  of  the  bend  of  the  Bear,  continuing  northwest  from  the  Bear 
River  Range,  is  a  low  range  of  hills.  Geologically  and  topographically 
this  range  is  divided  into  two  groups  by  a  flow  of  basalt,  which  has 
poured  out  from  the  basin  of  the  Blackfoot  into  Basalt  Valley.  The 
southern  of  these  two  groups  consists  of  comparatively  low  ridges.  Two 
stations  were  made  on  them.  Station  87  is  at  the  north  end  of  the  most 
eastern  of  the  ridges,  on  limestones,  which  dip  to  the  northeast.  Sta- 
tion 88  was  at  the  south  end,  on  quartzites.  These  beds  may  be  Car- 
lioniferous,  altlrough  it  is  probable  they  are  Jurassic,  as  Carboniferous 
fossils  were  found  on  the  west  side  of  the  hills,  in  beds  some  distance 
below,  at  the  base  of  the  hills,  near  Twin  Springs  (see  i>.  5G3,  chap.  IT.) 

The  ridge  on  which  these  stations  are  located  is  about  800  feet  above 
the  valley  of  Soda  Spring  Creek,  and  the  highest  point  in  the  group  of 
hills  is  only  1,200  feet  above  the  level  of  Bear  River  at  the  bend.  The 
dip  of  the  limestones  is  from  15°  to  30°. 

On  the  west  side  of  the  hills  there  are  remains  of  old  hot  springs  at 
several  places,  especially  at  Twin  Springs.  The  basalt  that  separates 
the  southern  group  from  the  northern  seems  to  form  a  divide  in  Basalt 
Valley  between  the  drainage  of  the  Portneuf  and  that  flowing  to  the 
Bear.  The  latter,  however,  is  for  the  most  part  beneath  the  basalt. 
The  northern  group  of  hills  forms  the  eastern  boundary  of  the  Upper 
Portneuf  Valley.  The  elevation  above  the  valley  is  only  about  a  thou- 
sand feet.  The  summit  is  flat-topped,  so  that  the  general  character  is 
somewhat  plateau-like.  The  western  part  of  the  hills,  as  at  Station  82, 
is  undoubtedly  Carboniferous,  with  the  limestones  dipping  to  the  north- 
east. On  Station  70,  however,  we  have  Jurassic  dipping  to  the  south- 
west, so  that  between  the  two  points  there  must  be  a  synclinal.  This 
would  require,  therefore,  that  the  eastern  portions  of  the  hills  be  made 
up  of  Jurassic  strata.  The  immediate  region  was  not  visited,  but  judg- 
ing from  the  outcrops  surrounding,  this  must  be  the  case.    I  am  inclined 
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to  think  that  there  is  no  faulting,  as  there  is  ample  room  for  a  fold,  and 
faulting  is  not  common  in  this  immediate  neighborhood.  The  point 
where  I  crossed  the  synclinal,  if  it  exists,  was  covered  with  basalt,  which 
effectually  concealed  the  underlying  beds.  Mr.  St.  John's  report,  when 
published,  may  throw  some  additional  light  on  the  subject. 

BASALT  VALLEY. 

As  we  come  from  the  Upper  Portneuf  Valley  to  the  Bear  we  find  the 
broad  valley  continuous  to  the  southward  as  far  as  the  lower  end  of  the 
Gentile  Valley.  The  portion  between  the  Portneuf  and  the  Bear  has 
been  named  Basalt  Valley  for  convenience  in  description.  Geologically 
it  is  continuous  on  the  south  side  of  the  Bear,  Gentile  Valley  being  in 
reality  the  lower  valley  bordering  the  Bear  after  it  flows  out  from  the 
Basalt. 

Basalt  Valley  is  about  seven  miles  in  width,  reaching  from  the  Soda 
Springs  Hills  to  the  eastern  ridges  of  the  southern  extension  of  the 
Portneuf  Kange.  As  the  name  implies,  it  is  floored  with  basalt.  The 
source  of  this  lava  is  partly  in  the  Blackfoot  region,  as  we  have  already 
indicated,  and  partly  in  the  craters  near  the  bend  of  the  Bear.  In  the 
latter  place  there  are  at  least  two  that  are  very  regular  in  their  outline. 
On  one  of  them  Mr.  Gannett  made  a  station.  It  is  almost  circular,  com- 
posed of  a  reddish  scoriaceous  basalt,  resembling  that  of  the  craters 
already  described  on  the  Blackfoot.  Neat  the  craters  the  basalt  is  full 
of  fissures  and  holes,  some  of  them  50  or  60  feet  in  depth.  The  streams 
that  come  from  the  hills  probably  flow  beneath  the  floor,  so  that  the 
true  divide  between  the  Portneuf  and  the  Bear  cannot  be  determined. 
Near  the  west  side  of  the  valley,  toward  the  north,  there  is  one  small 
stream  that  flows  on  the  basalt  to  the  Portneuf.  Standing  on  the  west 
side  of  the  valley  the  flow  of  basalt  is  readily  traced  to  the  gap  in  the  Soda 
Springs  Hills.  The  basalt  in  the  Portneuf  Canon  is  a  prolongation  of  this 
lava  stream.  At  Twin  Springs  there  are  remnants  of  old  thermal  springs, 
as  at  several  other  localities  aloug  the  base  of  the  hills.  The  most  of 
them  are,  however,  overgrown  with  grass,  which  conceals  the  tufa. 

In  the  basaltic  cauon  of  the  Bear,  near  where  it  turns  to  the  south- 
ward, there  are  calcareous  deposits,  as  seen  from  the  edge  of  the  canon. 
The  springs  are  probably  all  cold  at  present. 

South  of  this  point  there  is  an  old  crater  similar  to  those  seen  north 
^of  the  river.  The  southern  extension  of  the  basalt  ends  in  a  tongue, 
which  will  be  described  under  the  head  of  Gentile  Valley.  Almost  the 
whole  of  Basalt  Valley  is  rough  and  broken  into  fissures.  There  is  a 
rather  scanty  supply  of  soil,  and  yet  there  is  good  grass  interspersed  with 
the  sage,  so  that  it  would  make  a  tolerably  good  cattle  range,  especially 
as  the  grass  in  the  neighboring  hills  is  of  good  quality.  On  the  streams 
as  they  emerge  from  the  mountains  a  small  area  of  arable  land  may  be 
found,  but  it  is  limited  to  the  edge  of  the  hills.  Timber  on  the  hills  is 
somewhat  sparse.  The  mass  of  basalt  which  can  be  traced  from  the  Gap 
in  the  Soda  Springs  Hills  forms  a  scarcely  perceptible  divide  in  the 
northern  portion  of  the  valley.  It  appears  that  the  basalt  poured 
through  it  and  then  spread  to  the  northward  and  southward.  The 
northern  portion  continued  on  down  the  canon  of  the  Portneuf.  All  the 
basalt  we  see  in  the  valley  is  evidently  one  flow,  but  there  are  several 
points  which  seem  to  indicate  that  there  were  at  least  two  flows.  One 
of  these  points  is  in  the  Portneuf  Canon  and  the  other  in  Gentile  Val- 
ley., These  two  flows  were  separated  by  a  layer  of  conglomerate.  \*» 
therefore  appears  probable  that  the  first  outpo\mDL%>*ros>  Vato  *A^&s> 
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which  continued  after  the  flow.  In  the  volcanic  action  of  Ais  period 
perhaps  a  portion  of  the  cause  of  the  extinction  of  the  lakes  is  to  be 
found.  We  find  no  lake  deposits  resting  on  the  latest  flow,  and  in  the 
lower  Portnenf  Valley  we  have  already  seen  that  a  period  of  sahosrial 
erosion  intervened  between  the  draining  of  the  lake  and  the  last  ovtflow 
of  basalt.  

BEAR  RIVKJt  RANGE. 

West  of  Bear  Lake  Valley,  separating  it  from  Cache  Valley  and  Gen- 
tile Valley,  and  extending  north  to  the  bend  of  Bear  River,  is  the  Bear 
River  Range.  It  terminates  in  a  broad,  round  summit  knowga  as  Sheep 
Rock.  This  northern  portion  is  very  narrow  and  has  a  trend  of  about 
north  20°  west.  South  of  this  the  range  becomes  broader,  although  it 
decreases  somewhat  in  elevation  to  North  Pass.  Still  farther  south  the 
structure  becomes  somewhat  complex,  and  the  entire  width  of  the  range 
is  about  16  or  17  miles.  The  waters  of  Logan  Fork  flow  southward  in 
the  central  portions  of  the  mountains.  The  best  defined  range  here  is 
on  the  west!  a  succession  of  sharp  peaks  extending  northward  from 
Logan  Cafion.  This  rangeorsub-range  presents  a  steep  and  ruggedftont 
towards  Cache  Valley.  On  the  east  side  the  mountains  are  plateau-Eke, 
and  this  is  the  general  character  towards  the  north.  The  southern  por- 
tion of  the  range  is  drained  almost  entirely  by  Logan  Fork,  which  oc- 
cupies a  broad  valley,  for  the  most  part  in  Silurian  or  Pre-Siluriant 
rocks.  Our  examination  waf  not  sufficiently  detailed  to  separate  the 
beds  so  as  to  recognize  the  various  divisions,  and  oh  the  map  I  have 
been  obliged  to  color  all  the  beds  below  the  Carboniferous  as  Silurian. 

Speaking  of  Logan  Cafion,  Mr.  Arnold  Hague  says:*  "At  the  forta 
of  the  cafion,  the  beds  rise  more  steeply,  and  a  quartzite  belt  is  seen 
which  may  correspond  to  the  Ogden  quartzite.  In  the  north  fork  of  the 
cauon,  fragments  of  granite  indicate  the  probable  existence  of  a  granite 
core  to  this  ridge  beyond  the  limits  of  the  map  to  the  norths  These  were 
not  seen  by  us,  nor  was  the  head  of  the  north  fork  visited,  but  if  granitic 
rocks  do  show,  the  outcrop  must  be  limited  to  the  caiion,  for  at  the 
points  where  we  crossed  the  range  to  the  northward  no  granites  were 
seen.  At  the  entrance  to  Logan  Caiion  limestones  outcrop  dipping  from 
30°  to  35°  to  the  eastward.  This  gradually  decreases  until  the  beds 
gradually  become  horizontal  and  then  rise  again  with  a  western  dip. 
The  following  is  a  general  section  made  as  we  hastily  rode  up  the  canon  : 

Section  No.  30. 

1.  Very  dark  blue  limestones  somewhat  laminated,  dip  35°. 

2.  Bluish-gray  limestones,  dip  25°. 

3.  Rather  massive  blue  limestones,  dip  20°. 

4.  Shaly  and  laminated  limestones,  dip  15°. 

5.  Light  blue  massive  limestones,  dip  10°. 

The  total  thickness  of  these  limestones  must  be  about  4,000  feet 
From  about  the  middle  of  the  caiion  the  following  fossils  were  obtained: 

Productm 1 

Rhynchonclla  pustuloses 
Rhynchonella  rockymontanus. 

Euomphalxis 1 

Spirifer  striatus. 
Spirifer  rockymontanus. 

Spirifer  (Martinia) 1 

Athyris  (Spirigera)  subtilitat 

•  U.  8.  GeoL  ExyVoTtt&m  <sl\\i*  4QthP*wJlal,  VoL  n,  page  4fff. 
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These  correspond  very  closely  to  fossils  found  in' the  same  beds  by 
Mr.  Hague.  He  refers  the  limestones  to  his  Wahsatch  Group,  the  lower 
portion  of  which  he  considers  as  Devonian.  At  the  forks  of  the  stream 
the  dip  to  the  westward  is  15°  or  20°,  and  lower  beds  appear.  The 
general  section  in  the  bluff  on  the  North  Fork  facing  the  east  is  as  fol- 
lows: 

Section  No.  31. 

1.  Massive  limestones. 

2.  Laminated  limestones  and  shales. 

3.  Massive  blue  limestones. 

4.  Dark  blue  limestones. 

5.  Thin  laminated  limestones,  with  bands  of  sandstones  and  slates. 

6.  Sandstone,  with  fucoidal  markings  and  interlaminated  limestones. 

7.  Laminated  limestones. 

Station  125  was  located  on  the  east  side  of  the  North  Fork  on  a  white 
saccharoidal  limestone  which  lies  at  the  top  of  the  massive  blue  lime- 
stones (No.  3  of  the  section).    This  was  merely  a  fragment  capping  the 

hill.    They  dipped  to  the  westward  and  contained  Leptopora I 

aud  crmoidal  stems.  In  the  limestones  below  I  found  crinoidal  stems 
and  an  undeterminable  Rhynchonella. 

In  layer  No.  5,  running  down  to  6,  the  following  were  obtained: 

OrtMs  like  0.  plicatella. 
Fragments  of  triloMtes. 

In  No.  7  similar  forms  were  found,  and  at  the  forks  an  Orthis  like  O. 
testudinata.  Looking  north  from  the  station,  the  beds  on  the  east  side 
of  the  North  Fork,  at  a  point  about  5  miles  north  of  the  station,  appear 
to  dip  to  the  eastward,  so  that  there  is  probably  an  anticlinal  axis  a 
little  to  the  east  of  the  station.  On  the  west  side  of  the  North  Fork 
there  were  some  dips  seen  from  a  distance  that  seemed  to  indicate  that 
the  synclinal  which  enters  into* the  formation  of  this  portion  of  the 
range  gradually  dies  out  to  the  northward  as  the  beds  rise.  '  If  so,  the 
western  dip  noted  at  the  forks  must  soon  give  place  to  an  eastern  dip, 
and  the  anticlinal  axis  just  noted  must  also  fade  out. 

On  Station  111,  which  is  a  little  north  of  east  from  Station  125,  and 
nearly  six  miles  distant,  the  beds  dip  gently  to  the  westward,  and  just 
west  of  the  station  there  is  a  bluff  face.  Between  this  point  and  the 
North  Fork  there  must  be  a  synclinal.  This,  as  we  shall  presently  see, 
probably  continues  northward  and  forms  the  principal  part  of  the  range. 

Returning  again  to  the  western  sub-range,  we  found  that  the  lime- 
stones that  outcrop  at  the  mouth  of  Logan  Canon  rise  as  we  go  to  the 
northward,  and  outcrop  only  at  the  summit  of  the  range  when  we  reach 
Station  123.-  Following  up  the  main  canon  of  the  creek  that  flows 
through  Smithfield,  we  have  first  limestones  which  show  somewhat  ob- 
scurely, dipping  about  17°  south  of  east.  Above  the  limestones  are  red- 
dish quartzites,  and  then  come  thin  yellowish  argillaceous  slates  that 
are  highly  calcareous.  Next  follow  limestones  and  a  layer  of  slates 
like  those  below  the  limestones.  In  some  of  the  layers  of  the  upper 
slates  the  surfaces  were  covered  with  impressions  of  a  Discina.  Above 
these  are  massive  limestones  as  far  as  I  penetrated  up  the  canon.  Mr. 
Mushbach  reports  that  blue  limestones  outcrop  on  the  station,  and  a. 
little  below  is  a  white  quartzite  in  which  a  fragment  of  Productus  was 
found.  Below  this  he  noted  a  reddish  quartzite  with  fucoidal  markings. 
The  latter  is  probably  the  same  as  layer  No.  6  in  the  section  at  the  forks., 
of  Logan  Canon ;  if  so,  the  limestones  above  are  the  same  as  Nos.  4 
and  5,  which  are  probably  Carboniferous. 

Station  114  is  located  on  the  north  side  at  Bloomm^^Crcfe^^^- 
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tween  ft  and  North  Creek.  The  latter  stream  loon  to 
with  a  coarse  a  little  east  of  north,  while  Bloooungton 
direetly  eastward.  The  station  is  located  en  a  dark-drab 
limestone,  which  rests  on  a  while  qnartxite.  In  the  limestone  I 
Zapkrtmti*  and  crinoidal  markings.  These  limestones  dipped  gently  to 
the  eastward,  becoming  flat  and  again  rising  gently  with,  a  dip  to  the 
westward.  They  appeared  to  be  a  remnant  left  in  a  synclinal  that  was 
very  shallow.  Thqr  appear  to  outcrop  on  a  mountain  at  the  pass  near 
the  head  of  (he  creek,  and  there  dip  2SP  to  the  eastward,  or  perhaps  a 
little  sooth  of  east.  A  little  east  of  sooth  from  the  station.  <m  Iks  altar 
side  of  the  creek,  the  underlying  quartettes  dip  ¥>  to  toe  westward. 
Below  the  qnartrites  are  limestones,  and  below  the  latter  dark  ipai  I  liUn 
generally  of  a  reddish  hue.  The  latter  beds,  a  eoople  of  mfles  northeast 
of  the  station,  dip  2SP  to  the  westward.    On  Station  US,  which  is  16 


miles  farther  south  and  a  eonple  of  miles  to  the  eastwanLlhedip  is  also 
west  &>  to  10°.  The  latter  station  is  on  qnartxite  and  befar  it  are  bine 
limestones.  These  westward-dipping  beds  are  the  western  nMariwts  of 
the  anticlinal  of  Swan  Greek.  The  eastern  side  has  been  so  eroded  tint 
only  occasionally  can  it  be  seen.  It  appears,  therefore,  that  the  syn- 
clinal east  of  Station  111  becomes  prominent  as  we  proceed  northward  and 
forms  the  principal  portion  of  the  range.  At  the  north  4he  quartettes 
appear  to  pass  beneath  the  FUocene  deposits,  north  of  which  the  geol- 
ogy has  not  been  very  closely  studied  on  the  south  side  of  the  Bear. 
Sorth  of  the  river,  however,  we  have  Jurassic  limestones  entering  into 
the  folds  of  the  Carboniferous.  Nothing  can  be  predicated  of  this  ncrth- 
ern  portion  of  the  range  until  alter  itts  visited  and  investigated.  While 
the  topography  of  this  portion  of  the  range  was  worked  I  was  obliged  to 
work  the  region  of  the  southern  branches  of  the  Blackfoot  which  was 
much  complicated  geologically.  At  Sheep  rock  the  limestones  are  prob- 
ably Carboniferous.  Station  91,  which  was  the  most  northern  station 
made  by  Mr.  Gannett,  had  outcrops  of  massive  light-colored  limestone 
without  fossils.  On  i)o  quartzites  outcrop,  but  of  what  age  I  cannot 
say,  as  no  fossils  were  brought  in. 

Returning  again  to  the  southern  portion  of  the  range,  we  see  that  on 
onr  south  line  the  range  consists  of  a  synclinal  on  the  west  of  Carbon- 
iferous rock.  Then  follows  an  anticlinal  of  Silurian;  next  a  synclinal, 
on  the  eastern  side  of  which  the  Carboniferous  appears  again  at  Station 
111.  Then  another  anticlinal  fold  is  noted,  which  is  concealed  west  of 
Bear  Lake  by  the  unconformable  Wahsateh  beds.  South  of  our  district 
the  range  is  much  simpler,  consisting  of  only  one  broad  anticlinal,  with 
a  secondary  fold  developing  on  the  west  side.  This  is  the  western  syn- 
clinal we  have  noted.  Followed  to  the  north  it  broadens  as  the  beds 
rise,  and  finally  disappears,  while  the  eastern  synclinal  forms  the  main 
portion  of  the  range. 

GENTILE  VALLEY. 

Gentile  Valley  lies  west  of  the  northern  end  of  the  Bear  River  Range 
and  directly  south  of  Basalt  Valley.  It  is  about  10  miles  in  length,  and 
about  4  miles  in  width  at  the  lower  end.  Bear  River  enters  the  valley 
flowing  south  along  the  western  edge  of  the  basalt  flow,  which  ends  in 
a  tongue-like  projection.  The  river-bottom  is  broad  and  meadow -like, 
often  marshy,  and  the  stream  is  very  sluggish.  A  trip  of  a  day's  dura- 
tion was  made  into  the  valley  from  Mink  Creek  and  two  stations  located. 
One  (a)  was  located  at  the  month  of  Trout  Creek,  and  another  (b)  on  the 
west  side  of  the  Bear  south  of  Collier's  Creek.  Station  a  was  located  on 
soft,  sandy,  and  marly  beds,  which  were  so  broken  down  that  a  section 
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could  not  be  made.  On  the  edge  of  the  river  below  the  station  two 
openings  had  been  made  in  the  bluff,  evidently  in  search  of  coal,  as  there 
was  a  layer  of  earthy  lignite  outcropping.  In  the  soft  sandstone  in  the 
roof  of  one  of  these  openings  I  obtained  the  .olio wing: 

Planorbis f 

Limnaea f 

Sphaerium 1 

Valvata 1 

Carinifex 1 

This  layer  is  probably  the  same  as  the  one  above  Soda  Springs,  on 
Bear  River,  containing  Planorbis,  &c.  North  of  the  station  these  mod- 
ern beds  disappear  beneath  the  basalt ;  westward  they  lap  on  the  older 
rocks,  and  to  the  eastward  seem  to  rest  horizontally  on  the  flanks  of 
the  Bear  River  Range.  There  api>ear,  however,  to  be  points  of  older 
beds  rising  above  them.  Station  h  is  on  such  a  point  on  the  west.  Oppo- 
site Station  a  there  is  a  line  of  basalt  showing  in  the  face  of  a  low  bluff 
as  though  it  had  been  poured  out  before  the  lake  had  deposited  all  its 
sediments.  It  was  not  visited,  and  may  be  simply  the  remnant  of  a  flow 
that  once  extended  across  the  entire  valley,  and  has  since  been  removed 
in  the  erosion  of  the  river-bed.  I  am  inclined,  however,  to  consider  it 
and  the  mass^  between  the  Bear  and  Trout  Creek,  at  the  mouth  of  the 
latter,  as  an  earlier  flow.  The  basalt  field,  a  little  farther  north,  rests 
on  the  soft  sands,  but  its  elevation  was  not  obtained.  Station  b  was 
located  on  pink  and  white  quartzites  dipping  40°  south  77°  west.  These 
quartzites  appear  to  have  been  an  island  in  the  lake  not  far  from  its 
western  shore.  Just  below  it  is  an  outcrop  of  a  rusty-looking  conglom- 
erate composed  of  pebbles  of  pink  quartzite  cemented  by  sand.  The 
pebbles  are  3  or  4  inches  in  diameter,  and  are  like  the  quartzite  of  the 
station.  This  conglomerate  appears  to  be  at  the  top  of  the  deposits  that 
fflll  the  valley  and  makes  a  terrace  level,  the  elevation  of  which  is  5,526 
feet.  There  are  three  other  well  marked  terraces.  The  lower  terrace 
has  an  elevation  of  5,186  feet,  and  the  middle  one  of  5,242  feet. 

On  Cottonwood  Creek,  the  largest  branch  of  the  Bear,  coming  in  from 
the  west  at  the  head  of  the  cailon,  there  are  a  number  of  terraces  that 
have  been  cut  by  the  stream.  Near  the  head  of  this  stream  Pliocene  t 
strata  outcrop,  but  they  were  only  seen  from  a  distance,  and  were  not 
visited. 

Springs. — At  the  mouth  of  Cottonwood  Creek,  on  the  north  side,  there 
are  a  number  of  warm  springs.  They  are  on  a  large  reddish  mound 
composed  of  calcareous  deposits.  There  are  five  large  pools  from  30  to 
50  feet  in  diameter.  A  few  bubbles  of  gas  were  noted  in  two  of  the 
larger  pools.  We  did  not  have  a  thermometer  with  us,  but  the  water 
seemed  to  be  of  a  suitable  temperature  for  bathing  purposes.  Farther 
up  the  river  on  the  edges  of  some  buttes  of  the  soft  lake  deposits  calca- 
reous tufa  was  seen,  and  on  the  east  side  of  the  Bear,  just  above  the 
head  of  the  canon,  there  are  several  springs  on  calcareous  deposits  with 
luke-warm  water.  On  the  edge  of  the  river  there  are  bubbling  springs 
like  those  at  the  Soda  Springs  locality.  Some  resemble  the  Steamboat 
Spring,  and  the  water  spouts  several  inches  or  a  foot  above  the  mounds. 
In  the  midst  of  the  river  also  there  are  points  from  which  gas  escapes. 

The  earthy  lignite  that  occurs  near  Station  a  appears  to  be  in  pockets, 
as  I  could  see  no  well-defined  bed.    Those  who  made  the  openings  ap- 
pear to  have  reached  the  wise  conclusion  that  the  coal  was  worthless. 
Gentile  Valley  appears  to  be  comparatively  well  settled.    The  general 
elevation  of  the  river-bottom  is  about  5,000  feet.    l?xom\!bfc>  nSstk  *3fc- 
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tabled,  looking  north  from  Station  a,  it  appears  that  the  valley  nrast 
have  had  some  of  the  lake  deposits  removed  prior  to  the  pouring  out  of 
the  basalt.  The  latter  is  at  a  lower  level  than  the  conglomerate  at  Sta- 
tion b.  The  amount  of  erosion  since  the  flow  is  measured  by  the  depth 
of  the  canon  in  the  basalt  at  the  north  end  of  the  valley;  Ibis  is  250  to 
300  feet. 

I  did  not  visit  the  mountains  on  the  west  and  east  sides  of  the  valley, 
so  cannot  give  any  definite  information  as  to  the  relation  of  the  lake- 
beds  with  the  older  beds  of  the  ranges. 

The  conglomerate  of  Station  b  is  probably  of  the  same  age  as  the  con- 

Slomerate  in  the  synclinal  depression  east  of  Station  76.  There  is  but 
ttie  doubt  that  the  lakes  filling  these  valleys  were  connected.  The 
Pliocene  lake  probably  had  the  greatest  extent,  and  included  what  were 
afterwards  divided  into  several  distinct  bodies  of  water. 

KIDDLE  GAfiON  OF  BEAR  RIVER. 

I  have  applied  this  name  to  the  cafion  through  which  the  Bear  flow* 
on  its  way  from  Gentile  Valley  to  Cache  Valley.  It  is  about  12  miles  in 
length,  and  the  walls  are  from  1,000  to  1,500  feet  in  height.  A  station 
was  made  on  the  west  side,  at  the  head  of  the  cafion,  about  800  feet 
above  the  level  of  the  river,  on  dark-bine  laminated  limestones,  which 
dip  about  north  17°  east  at  an  angle  of  40°  or  5QP.  Where  the  beds  cross 
to  the  east  side  the  strike  seems  to  curve  around  to  the  southward,  so 
that  the  <Up  is  more  to  the  eastward.  On  the  hills  west  of  Mink  Creek, 
about  four  miles  south  of  the  head  of  the  cafion,  brownish  quartettes  oat- 
crop  with  a  strike  south  67°  east,  dipping  north  23°  east,  at  an  angle  of 
50°.  Near  the  south  end  of  the  cafion  die  beds  dip  more  to  the  south,  with 
an  angle  of  65P  noted  in  limestones.  The  quartzites  lie  between  the 
limestones  at  the  head  of  the  caiion  and  those  at  the  foot.  We  had  two 
substations  (a  and  h)  on  the  east  side  of  the  cafion.  The  hill  on  which 
station  a  was  located  was  covered  with  quartzitic  pebbles,  and  it  is 
probable  that  quartzites  underlie  the  station.  Station  b  was  on  a  dark 
limestone  which  dip  50°  approximately  to  the  south,  as  already  noted. 
Between  the  two  stations  the  following  beds  were  noted : 

Yellow  sands  and  marls. 

White  limestones  and  shales. 

Pea-green  shales  and  sands. 

There  is  probably  600  or  700  feet  of  these  beds  which  T  consider  to  be 
of  Pliocene  Tertiary  age,  as  they  are  so  much  like  the  beds  containing 
Limncca,  Planorbis,  &c«  at  other  localities.  They  dip  north  23°  east  at 
at  an  angle  of  65°.  They  are,  therefore,  unconformable  to  the  lime- 
stones. The  outcrop  crosses  to  the  west  side  of  the  cafion.  That  re- 
gion was  not  fully  investigated,  but  there  is  very  little  doubt  that  the 
beds  about  the  head  of  Cottonwood  Creek  are  the  continuation  of  the 
beds  just  described.  The  whole  region  was  too  cursorily  examined  to 
say  muck  about  it.  Where  the  Bear  leaves  the  cafion  and  bends  west- 
ward to  enter  Cache  Valley  the  greenish  Tertiary  beds  outcrop  on  the 
southeast  side,  dipping  10°  towards  the  south.  They  rise  again  a  short 
distance  beyond. 

On  the  east  side  of  Mink  Creek,  at  Station  118,  Gannett  obtained  a 
few  fragmentary  fossils  which  have  a  Silurian  facies.  The  strata  from 
which  they  were  obtained  have  a  westerly  dip.  Mink  Creek  has  a 
course  almost  parallel  to  that  of  the  Bear  while  it  is  in  the  canon,  and 
joins  it  as  soon  as  it  leaves  the  caiion  to  turn  westward.  Near  the  head 
of  the  creek  an  outcrop  of  abalea  was  seen  which  appeared  to  rest  un- 
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conformably  on  the  limestones  with  a  dip  towards  the  west.  The  beds 
were  obscure,  and  I  am  not  certain  as  to  their  position  and  relations ; 
they  may  represent  a  portion  of  the  Pliocene. 

At  Station  116,  massive  limestones  outcrop  with  dips  to  east  or  south- 
east. This  region  is  exceedingly  complicated  and  will  require  consider- 
able close  examination  to  determine  the  relations.  The  canon  of  the 
Bear  was  probably  in  part  eroded  subsequent  to  the  upheaval  of  the 
beds  that  1  have  referred  to  the  Pliocene.  When  the  orographic  disturb- 
ance at  the  end  of  the  Tertiary  took  place  the  basin  of  Gentile  Valley 
was  separated  from  that  of  Cache  Valley.  Whether  the  erosion  of  the 
canon  began  then  or  after  the  draining  of  the  lakes,  I  cannot  at  present 
say.  The  caiioii  is  almost  at  right  angles  to  the  strike  of  the  beds  and 
must  have  been  determined  by  a  pre-existing  fissure  or  a  fissure  made 
at  the  time  of  the  uplift. 

CACHE    VALLEY. 

The  portion  of  Cache  Valley  that  lies  within  our  district  is  about  36 
miles  in  length  and  from  7  to  12  or  15  miles  in  width.  It  is  well  settled 
by  a  prosperous  farming  population,  and  the  land  appears  to  be  in  a  high 
state  of  cultivation,  especially  in  the  southern  portion.  The  entire  pop- 
ulation is  8,229  by  the  census  of  1870.  The  towns  in  our  district  are 
Franklin,  Richmond,  Smithfield,  Hyde  Park,  Newton,  Clark,  Clifton, 
Weston,  and  Oxford.  The  town  of  Logan,  which  is  the  county  capital, 
is  only  a  short  distance  south  of  our  line.  The  towns  are  generally  on  a 
streams  coming  from  the  mountains,  and  the  water  is  used  for  irrigating 
the  fields  which  surround  them. 

Geologically  Cache  Valley  begins  as  a  broad  synclinal  below  our  line, 
but  north  it  probably  overlies  or  occupies  the  place  of  several  folds. 
The  view  of  the  valley  from  the  surrounding  hills  is  one  of  exceeding 
beauty,  especially  in  August,  when  the  fields  are  golden  with  tbeTipeu- 
ing  grain.  The  groves  of  trees,  which  mark  the  towns,  with  their  white 
and  red  buildings,  stand  out  in  strong  relief.  The  whole  valley  can  be 
seen  at  once,  and  the  terraces  on  its  sides  and  the  basin-like  character 
of  the  depression,  point  to  its  former  character  of  a  lake-basin.  This  is 
confirmed  when  we  come  to  examine  its  deposits.  As  Dr.  Hayden  said 
in  1871,  "  Cache  Valley  opens  into  Salt  Lake  Valley,"  "  and  one  cannot 
doubt  that  the  lake  itself  formerly  extended  all  over  Cache  Valley."  An 
examination  of  the  beds  occupying  the  valley  shows  at  least  two  groups 
of  lake  deposits :  First,  those  that  have  been  referred  to  the  Pliocene, 
named  by  Dr.  Hayden  the  Salt  Lake  Group:  second,  the  deposits  in 
the  central  portions  of  the  valley.  These  I  have  named  the  Cache 
Valley  Group.  The  former,  as  we  shall  see,  are  generally  disturbed, 
and  the  latter  are  horizontal  in  position.  The  latter,  on  closer  study, 
may  have  to  be  divided  into  several  groups  to  correspond  with  the 
various  lakes  from  which  they  were  deposited.  By  this  I  mean  that  the 
terraces  show  a  number  of  lake  levels,  and  on  the  lowering  of  the  lakes 
the  areas  became  more  restricted  $  so  in  the  terraces  we  find  groups  of 
strata  older  as  we  go  up,  while  in  the  centre  of  the  valley  the  succes- 
sion will  be  continuous.  The  drift  has  covered  these  beds  to  such  an 
extent  that  the  divisions  cannot  always  be  recognized,  so  that  I  have 
included  them  under  one  head.  Until  a  series  of  level-lines  are  run, 
they  cannot  be  outlined  on  the  map. 

I  shall  now  present  the  facts  obtained  in  relation  to  the  different 
parts  of  the  valley,  beginning  with  Logan  Fork,  which  is  almost  on  our 
south  line. 
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The  terraces  are  well  marked  on  the  north  aide  of  the  rim,  ac 
in  the  accompanying  diagram.  At  several  places  soft  marly  sandstones 
outcrop  beneath  the  terraces,  especially  in  the  lower  ones,  with  a  dip. 
At  the  edge  of  Logan  Cation,  and  extending  some  distance  above  its 
month,  are  deposits  consisting  of  gravels,  sands,  marls,  and  eongkn- 
erate,from  100  to  150  feet  in  thickness.  They  are  horizontally  stratified, 
showing  that  the  lake  extended  somewhat  into  the  canon  at  one  period 
subsequent  to  its  erosion,  and  these  beds  represent  the  material  brought 
down  by  the  rapdily  flowing  stream,  which  then  as  now  occupied  the 
caiion. 

Station  122  was  located  a  few  mOes  northeast  of  Smithfiekl,  on  a 
butte  that  stands  out  a  mile  or  two  from  the  mountains.  The  rock  on 
the  summit  is  limestone.  Surrounding  the  butte  is  a  limestone  eon- 
glomerate.  This  butte,  therefore,  was  probably  an  island  near  the  shore 
of  the  lake,  whether  Pliocene  or  Post-Pliocene  I  could  not  determine* 
but  probably  the  former,  as  heavy  beds  of  similar  conglomerate  were 
seen  farther  north  which  appeared  to  be  of  that  age.  Six  or  seven  miles 
farther  north  a  similar  butte  appears,  which  was  not  visited.  The  latter 
has  an  elevation  of  5,400  feet  and  the  former  5,638  feet.  Franklin  Butte 
is  much  lower  and  is  about  four  mOes  west  of  the  edge  of  the  mount- 
ains. Its  elevation  is  5,324.*  It  must,  therefore,  have  been  an  island  at 
lower  levels  of  the  lake.  It  is  composed  of  limestones,  probably  Silu- 
rian in  age,  although  no  fossils  were  seen.  On  the  summit  fragments 
of  white  limestone  were  seen  resembling  the  Pliocene  limestones,  and 
exactly  like  the  fragments  seen  at  Station  131.  If  these  are  Pliocene,  as 
I  believe,  it  may  indicate  a  period  of  erosion  following  the  uplift  at  the 
end  of  the  Tertiary  time,  and  before  the  Quaternary  lake  filled  the 
basin  of  the  valley.  There  are  two  well-marked  terrace  levels  on  the 
side  of  the  butte  and  several  minor  ones  that  are  not  well  defined.  In 
the  bank  of  Cub  River,  at  Franklin,  gravels  and  loosely  aggregated 
Hands  show  and  are  horizontal.  In  the  accompanying  diagram  the  pro- 
file from  the  butte  to  the  river  is  shown  with  the  elevations.  The  up]ier 
terrace  level  is  122  feet  below  the  top,  and  the  lower  437  feet.  The  sands 
on  the  banks  of  the  river  are  the  same  as  those  shown  on  Bear  River. 
East  and  northeast  of  the  butte  are  a  mass  of  rounded  hills  rising  1.400 
to  1,500  feet  above  the  valley.  These  do  not  show  many  outcrops,  but 
the  few  seen  were  of  sandstones  and  conglomerates.  I  have  considered 
them  as  belonging  to  the  Pliocene,  although  it  is  possible  that  the  con- 
glomerates may  be  more  modern.  It  is  exceedingly  difficult  to  separate 
the  formations  with  the  limited  data  at  hand.  The  terraces  that  are 
marked  on  the  sides  of  Franklin  Butte  are  outlined  on  these  hills. 

West  of  the  middle  canon  of  Bear  River  these  beds,  or  ]>erhaps  lower 
ones,  show,  resting  on  limestones,  which  appear  to  have  been  elevated 
with  them.  The  outcrops  are  obscure.  The  terraces  here  are  compara- 
tively well  marked. 

At  the  point  where  the  Utah  Northern  Railroad  crosses  Bear  River, 
the  more  modern  deposits  are  well  shown,  consisting  of  yellow  and  red- 
dish sands,  clays,  and  marls.    There  is  an  exposure  of  about  300  feet. 

Returning  to  the  south  line  of  our  district,  and  crossing  to  the  west 
side  of  the  valley,  we  find  the  Pliocene  beds  outcropping  again  in  the 
foot-hills.  At  Mendon,  a  short  distance  below  our  line,  the  sandstones 
in  some  of  the  layers  are  made  up  of  an  aggregation  of  shells  of  the  fol- 
lowing genera,  Limnasa,  Physa,  Yivipara,  and  Helix.  At  one  of  our  camps 
on  the  Bear,  just  before  it  passes  into  the  Gates,  there  were  outcrops 

*  By  angles  of  elevation  and  depression. 
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of  greenish  sandstone,  with  white  and  light  brown  limestones  and 
shales ;  in  the  latter  shells  of  the  following  genera  were  found : 

Limncea f 

Valvata f 

Planorbis f 

Splwerium f 

They  are  apparently  identical  with  existing  species.  On  the  north 
side  of  the  Bear  a  gray  sandstone  outcrops,  which  is  probably  above  the 
fossiliferous  layers.  In  the  caiion  as  far  as  could  be  seen  limestones 
outcrop.  We  had  very  stormy  weather  while  here,  and  had  to  leave  a 
number  of  points  unvisited.  On  our  south  line  a  little  west  of  south 
from  the  Gates,  the  Wahsatch  Eange  ends  in  a  high  peak,  around  the 
northern  foot  of  which  the  Pliocene  beds  extend  from  Cache  Valley  to 
Malade  Valley. 

The  following  notes  on  the  region  of  the  Gates  is  taken  from  Profes- 
sor Bradley's  Eeport  for  1872,  p.  199 : 

The  immediate  channel  of  Bear  River,  where  it  breaks  through  the  mountain,  at 
the  point  known  as  "The  Gates,"  is  narrow,  with  high  precipitous  walls  of  light  drab, 
compact  limestone,  partly  siliceous,  from  which  I  could  obtain  no  fossils;  but  from  its 
position  it  must  be  Carboniferous.  The  strata  show  a  westerly  dip  of  about  25°,  and 
evidently  belong  to  the  west  side  of  the  anticlinal  upheaval,  wnose  southern  con- 
tinuation has  been  mentioned  as  crossing  Box  Elder  and  Ogden  Canons.  The  cliffs  of 
this  narrow  channel  reach  nearly  to  the  level  of  the  top  of  the  second  principal  ter- 
race. On  the  north  side  of  "The  Gates,"  a  short  distance  back  from  the  edge  of  this 
channel,  there  is  another  considerable  break  in  the  upper  terrace,  showing  a  second 
channel  to  have  existed  when  the  stream  was  at  this  level ;  and  as  seen  from  this 
north  side,  the  appearance  of  the  surface  on  the  south  side  indicated  the  probable  ex- 
istence of  still  a  third  old  channel,  along  the  line  now  occupied  by  the  Utah  North- 
ern Railroad  (narrow  gauge),  which  there  crosses  the  range  into  Cache  Valley.  At 
the  level  of  tno  upper  terrace  the  old  valley  of  Bear  River  spreads  out  to  a  width  of 
about  five  miles.  The  upper  terrace  itself  consists  almost  entirely  of  a  grayish-white 
limestone,  partly  fine-grained  and  compact,  partly  coarse  and  porous,  and  mostly 
pebbly.  All  of  it  is  more  or  less  oolitic.  The  compact  layers  are  eiftirely  destitute  of 
fossils ;  but  the  more  pebbly  portions  contain  very  numerous  individuals  of  a  few 
species  of  fresh- water  shells,  which  are  sufficient  to  mark  the  bed  as  of  late  Tertiary 
(Pliocene  ?)  age.  *  *  *  The  beds  exposed  are  about  200  feet  thick.  They  show  at 
this  point  a  dip  of  about  25°  south  68°  west.  As  no  corresponding  disturbance  of  the 
surface  of  the  terrace  is  apparent,  it  is  evident  that  the  upheaval  antedates  the  Ter- 
race epoch.  The  lower  terraces  show  extensive  deposits  of  coarse  gravel,  which  are 
well  exposed  in  the  cuts  of  the  Utah  Northern  Railroad,  and  supply  that  road  with 
an  abundance  of  superior  ballast. 

There  are  knobs  of  limestone  both  north  and  sonth  of  the  canon,  and 
at  a  point  about  four  miles  south  they  outcrop  at  the  base  of  a  bluff.* 

East  of  the  south  end  of  the  Malade  Eange,  the  sandstones  and  shaly 
limestones  of  the  Pliocene  again  outcrop,  dipping  to  the  eastward  5°  to 
10°,  as  at  the  Bear.    Here  also  I  obtained  the  following: 

Planorbis 1 

Sphcerium 1 

Bythinella 1 

East  of  this  locality  is  a  high  butte  of  the  same  beds.  At  the  eastern 
base  limestones  probably  outcrop,  but  of  what  age  I  do  not  know.   North 

•According  to  the  Report  of  the  United  States  Geological  Exploration  of  the 
40th  Parallel,  Vol.  II,  Description,  there  is  volcanic  outcropping  in  the  cation.  The 
following  is  the  note :  "An  appearance  of  volcanic  rock  in  the  canon  of  Bear  River,  at 
the  'Gates/  which,  however,  was  not  examined  closely  enough  to  determine  definitely 
its  character,  suggests  the  possibility  that  this  uplift  may  have  been  determined  by  a 
late  volcanic  outburst.'7  This  volcanio  rock  Professor  Bradley  does  not  o^gewt  Wtan* 
aoao,  nor  did  I. 
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of  this  hutte  is  one  similar  to  it  south  of  Weston  Creek.  Weston  Creek 
rises  on  the  west  fide  of  the  northern  portion  of  the  Malade  Range,  in 
Pliocene  rocks,  and  cuts  through  the  Silurian  rocks  to  come  out  into 
Cache  Valley,  when.- it  again  cuts,  its  way  through  the  Pliocene  (?j  deposits. 
Near  thiK  point  is  a  synclinal  of  these  Pliocene  beds,  coarse  conglomer- 
ates outcropping.  They  appear  to  rest  in  a  synclinal  in  tlie  <>lder  rocks, 
which  are  dark  limestones,  beneath  which  dark-green  chloritic  and  met- 
amon-h. .«.-.!  argillaceous  slates  outcrop.     The  Pliocene  beds  appear  to 

reach  high  up  on  the  i in  tains,  and  .-eem  to  dtp  with  the  older  rocks^ 

although  there  is  little  doubt  as  to  their  unconformabHity.  The  wtt- 
neas  of  these  more  modem  beds  causes  them  to  break  down  readuy 
Hnder  atmospheric  influences,  and  their  junctions  with  tie  Aider  rocks 
are  thereby  much  obscured. 

At  the  north  ead  of  the  valley,  on  the  southern  slopes  of  fee  Forbear 
Eange,  these  Tertiary  beds  appear  to  be  present  in  considerable  ana*. 
They  were  not  visited  bat  sees  from  the  volley.  As  wo  approMh  Bed 
Bock  Pass,  a  conglomerate  is  seen  resting  on  the  (pxartartes,  winds  out- 
*    *  r,  as  thongh  they  had  formed"  an  uneven  floorf  upon  whieh 


were  deposited,  ltis  probable  that  a  large  perifcn 
of  the  lake  deposite  has  been  carried  away  from  this  part  of  the  vafley- 
Whether  there  are  any  of  the  soft  sands  and  maris  near  fee  pass,  I 
could  not  determine,  but  I  think  not  If  they  ever  did  exist  hen  ™ 
have  been  carried  away  by  the  draining  of  one  of  the  lakes  feat  B 
in  the  Taney.. 

HALADB  BASCa. 

Under  this  head  I  shall  describe  the  two  ranges  that  separate  Oaoas- 
Valley  from  Malade  Valley.  The  northern  portion  ends  at  Weston 
Creek,  having  a  length  of  about  20  miles.  It  ends  just  southwest  of 
Bed  Bock  Gap.  The  southern  range  begins  about  4  miles  north  of  the 
"  Gates  *  of  Bear  Biver,  and  extends  a  little  west  of  north  for  about  25 
miles,  overlapping  the  south  end  of  the  northern  portion,  which  is  6  miles 
farther  east  The  country  between  is  tilled  with  the  Pliocene  (!)  lime- 
stones and  sandstones  which  are  here  continuous  from  Cache  Valley  to 
the  Malade  Valley. 

Northern  range. — This  range,  as  I  have  already  said,  is  some  20  miles 
in  length.  Its  highest  peaks  rise  4,000-5,000  feet  above  the  valley  at 
the  east  base.  It  is  really  composed  of  two  groups  which  are  separated 
by  a  comparatively  low  saddle.  The  view  from  Station  132,  looking 
down  on  this  saddle,  appeared  to  show  the  whitish  Tertiary  beds  reach- 
ing well  up  on  it  from  the  west.  The  station  (132)  is  the  highest  point  in 
the  northern  mass.  A  very  abrupt  face  is  presented  toward  the  east 
On  the  ridge  extending  south  limestones  outcrop  with  shaly  beds  (lime- 
stones!) above  them.  They  dip  slightly  north  of  east,  and  appear  to 
rest  on  the  green  chloritic  rocks  that  outcrop  on  the  slopes  lower  down. 
On  the  summit  the  following  is  the  section,  which  corresponds  with  the 
accompanying  diagram,  which  shows  how  the  eastern  face  of  the  mount- 
ain is  eroded : 

Station  Xb.  32. 

Top.  Thickness  ill  feet. 

1.  Bed  quartzite ,„•* 

'i.  Red  sandstone  shales j 

3.  Red  qnartzites,  conplomeritic  at  base....... I     «• 

4.  Very  dark  red  conglomeritic  quartzitee f 

5.  Space  in  which  limestones  probably  outcrop  (the  connection  with  the  fol- 

lowing portion  of  the  section  is  somewhat,  obsenre) J 
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Thickness  in  feet 


6.  Dark-green  chloritic  schists,  with  serpentine 

7.  Metamorphosed  argillaceous  slates,  yellowish-brown  in  color 

8.  Pink  qnartzites,  2<X)  feet ^     350 

9.  Very  dark  green  chloritic  schists,  with  white  quartz  veinings.    These  rocks 

are  very  irregular  in  their  weathering 


! 


Total 1,250 

On  a  point  south  of  the  station  the  dip  in  the  red  qnartzites  was  30° 
north  77°  east.  On  the  station  the  strike  was  south  7°  west,  dip  south 
83°  east,  angle  30°.  There  would,  therefore,  appear  to  be  a  swerve  to 
the  eastward  in  the  strike  toward  the  south.  Toward  the  north  the 
green  beds,  which  I  have  referred  to  the  Cambrian,  appear  to  sink  some- 
what, so  that  the  Tertiary  beds  south  of  Marsh  Creek  appear  to  rest  on 
limestones  that  belong  to  a  higher  horizon.  The  southern  mountain 
mass  on  which  Station  130  was  located  is  rounded  in  outline,  and  reaches 
an  elevation  of  8,395  feet.  There  appears  to  be  some  Tertiary  on  the 
summit.  -Below  it  are  limestones,  next  olive-green  shales,  followed  by 
red  quartzite,  and  then  some  500  or  600  feet  of  limestones.  The  base  of 
the  latter,  I  think,  is  the  same  that  outcrops  at  the  south  end  of  the 
range  where  Weston  Creek  comes  out  of  its  canon.  At  this  point  the 
limestones  are  filled  with  fragments  of  trilobites  and  other  Silurian  forms. 
South  of  the  range  there  are  several  isolated  outcrops  of  Tertiary  beds 
which  appear  to  have  been  islands  in  the  Tertiary  lake.  The  northwest 
portion  of  the  northern  range  is  drained  by  a  branch  of  Marsh  Creek, 
which  at  its  head  appears  to  be  in  Silurian  rocks,  although  there  may  be 
isolated  patches  of  Tertiary.  The  central  western  portion  of  the  range  has 
its  drainage  collected  into  Malade  River.  The  main  stream  heads  oppo- 
site the  head  of  Weston  Creek.  The  rocks  in  this  region  are  almost  en- 
tirely the  white  and  light-brownish  limestones  and  greenish  shales  and 
soft  sands  so  characteristic  of  the  Pliocene. 

SoutJiern  range. — This  portion,  like  the  northern,  is  divisible  into  two 
masses.  The  southern  is  the  most  prominent^and  is  separated  from  the 
northern  by  Tertiary  beds.  This  southern  mass  of  hills  is  about  eight 
miles  in  length  and  about  three  miles  in  breadth.  Two  topographical 
stations  were  made  on  this  part  of  the  range,  one  at  the  north  and  the 
other  at  the  south.  At  the  latter  place  light-colored  limestones  with 
easterly  dips  show.  These  limestones  have  fragments  of  crinoidal 
stems,  and  are  probably  Carboniferous,  although  the  mass  of  the  mount- 
ain is  probably  Silurian.  The  northern  station  appears  to  have  westerly 
dips,  so  that  the  range,  if  these,  dips  are  correctly  reported,  is  a  syncli- 
nal. Southwest  of  the  range  the  Pliocene  limestones  cover  the  foot  of 
the  mountains,  dipping  from  them.  On  the  east  they  also  occur  dipping 
eastward.  The  northern  portion  of  this  southern  or  western  subrange 
is  a  long,  narrow  crest  of  Silurian  limestones  that  present  a  rather  steep 
face  toward  the  Malade  Valley.  The  eastern  slopes  are  covered  with 
the  thin-bedded  Pliocene  deposits  which  are  mostly  eroded  on  the  west. 
I  did  not  follow  the  western  face  of  the  mountains,  having  crossed  to 
the  western  side  of  Malade  Valley  north  of  Malade  City.  Professor 
Bradley,  in  1872,  made  a  close  study  of  this  portion  of  the  range,  and  I 
quote  from  his  report  (p.  200) : 

After  crossing  Bear  River,  the  Tertiary  limestones  are  found  covering  the  entire  foot 
of  the  mountain  for  two  or  three  miles,  though  the  mountain  itself  is  still  plainly 
composed  of  the  older  limestone,  which  appears  on  its  summit.  Then  the  Tertiary 
disappears  altogether,  and  the  upper  quartzite  rises  so  as  to  form  the  face  of  the  ridge 
for  four  or  five  miles,  then  the  Tertiary  comes  in  again,  in  a  heavy  body  of  compact 
flinty  limestones  and  siliceous  shales,  running  to  the  very  tops  of  m«\u&&,  Vs&ta.«sfe 
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here  much  depressed.  The  strata  are  mainly  nearly  level,  only  the  portion  nearest 
the  valley  having  a  westerly  dip,  which  at-  some  points  reaches  40°.  About  nineteen 
miles  above  Hampton's  Bridge  the  mountain  rises  again  and  the  Tertiaries  disappear 
again,  exposing  tho  face  of  the  lower  limestone,  which  has  now  risen  so  as  to  form 
the  entire  mass  of  tho  mountain. .  At  the  junction  of  the  two  series  of  strata  it  is  evi- 
dent that  the  Tertiaries  lie  unconformably  upon  the  older  limestones,  many  layers  of 
which  are  hero  crowded  with  fragments  of  trilobites  and  other  fossils,  which  are 
plainly  of  the  age  of  the  Quebec  Group.  *  *  *  As  we  approach  Malade  City  the 
mountain  becomes  higher  and  more  precipitous,  a  point  about  three  miles  south  of 
that  place  being  found  to  bo  about  2,500  feet  above  the  river.  Of  this  total,  about 
2,000  feet  are  exposed  in  the  face  of  the  mountain,  the  terraces  being  mostly  washed 
away.  All  the  strata  exposed  belong  to  the  Quebec  Group,  and  consist  mainly  of 
limestones,  though  including,  perhaps,  200  feet  wall  of  sandstones,  partly  shaly,  but 
mostly  thick-bedded  and  quartzitic,  as  well  as  an  indeterminate  amount  of  inter- 
laminated  greenish  calcareous  shales.  The  uppermost  limestones  are  compact  and 
full  of  nodules  and  layers  of  chert;  the  lower  ones  vary  greatlv,  from  pure  compact 
to  coarsely  fragmentary,  to  a  fine-giained  siliceous,  and  to  oolitic  and  coarsely  con- 
cretionary forms.  The  colors  vary  from  drab  to  blue,  gray,  buff,  flesh-color,  and  pale 
red,  sometimes  uniform,  sometimes  mottled  and  streaked. 

These  beds  are  all  probably  higher  than  the  qnartzites  observed  on 
Station  132,  and  seem  to  correspond  closely  to  the  beds  of  Section  No. 
21  made  at  Station  133.  The  fossils  from  the  latter  place  seem  to 
prove  their  identity.  North  of  the  north  end  of  the  subrange  just  de- 
scribed, qnartzites,  with  Quebec  limestones  overlying,  outcrop  withdips 
to  eastward  with  an  angle  of  40°  or  50°.  These  beds  extend  to  the 
divide  between  Malade  and  Marsh  Greek,  and  just  north  of  the  divide 
they  dip  north  27°  east.  The  region  between  this  ridge  and  Station  130 
is  rather  heavily  timbered,  and  I  am  not  certain  as  to  the  relations  of 
these  qnartzites  and  limestones  with  those  of  Station  130.  The  station 
was  too  high  to  determine  them.  I  could  not  see  the  dark-green  beds 
outcropping  on  the  west  It  is  possible  there  may  be  a  fault  here,  but 
nothing  was  seen  that  indicated  it.  Between  the  two  portions  of  the 
range  I  am  inclined  to  think  there  is  a  synclinal  which  has  been  much 
eroded,  leaving  the  present  ranges  as  remnants.  These,  without  doubt, 
formed  islands  in  the  Pliocene  lake  and  towered  also  above  the  Quater- 
nary lakes  that  bathed  their  slopes  still  later.  What  the  relations  of 
the  dark  chloritic  slates  of  Station  132  are  to  the  beds  of  the  section  (So. 
22)  made  at  Station  78, 1  cannot  say.  The  quartzites  above  resemble 
those  above  the  argillaceous  slates  at  Station  77,  but  the  green  beds 
are  very  different.  There  is  scarcely  any  doubt,  however,  of  their  l>eing 
referable  to  the  Cambrian  in  l>oth  cases.  I  think  the  limestones  of  Red 
Rock  Gap  are  below  the  quartzites  that  lie  below  the  section  of  Station 
133.  A  little  more  study  of  these  localities  will  render  clear  what  are  at 
present  problems  and  matters  of  conjecture.  I  can  only  hope  to  point 
out  the  localities  and  state  the  facts  as  far  as  observed  by  myself,  leav- 
ing it  to  others  to  work  up  the  minor  details,  which  will  prove  to  be  the 
connecting  links,  and  which  will  make  clear  the  points  that  are  now  so 
obscure. 

MALADE  VALLEY. 

Malade  Valley,  within  our  district,  has  a  length  of  about  40  miles.  Tho 
upper  portion  is  basin-like,  having  a  width  of  about  10  niUes.  After  tho 
various  streams  unite  at  the  lower  end  of  this  basin  the  valley  narrows 
to  some  four  or  five  miles.  The  principal  town  is  Malade  City,  with  a 
population  of  591  in  1870 ;  the  present  population  is  greater.  The  town 
is  the  county-seat  of  Oneida  County ;  Samaria  is  a  town  on  the  west  side 
of  the  valley  at  the  foot  of  the  hills.  In  the  lower  portion  of  the  valley 
there  are  two  small  settlements,  viz,  Portage  and  Plymouth.  The 
entire  population  of  the  valley  is  094  (census  of  1870).    The  Malade 
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Eiver  is  a  sluggish  stream  with  a  muddy  bed.  The  water  is  somewhat 
alkaline,  as  it  is  in  most  of  the  wells  sunk  in  the  valley.  The  three 
principal  streams  that  unite  below  Malade  City  to  form  the  river  are 
Devil  Creek,  Mill  Creek,  and  the  Little  Malade.  The  first  of  these  rises 
in  the  south  end  of  the  Bannack  Eange,  opposite  the  head  of  Marsh 
Creek.  On  the  east  side  of  this  creek  the  White  Tertiary  beds  outcrop. 
The  upper  lake  terrace  extends  almost  to  the  divide,  which,  as  Professor 
Bradley  suggests,  might  have  been  a  point  of  dribbling  outflow  for  the 
waters  of  the  great  lake  when  at  its  highest  level.  It  must  have  been 
when  the  lake  in  Marsh  Creek  Valley  was  at  the  level  indicated  by  the 
upper  terrace,  and  this  divide  was  a  point  of  connection  between  the 
two  lakes,  as  the  elevation  of  the  divide  is  lowerthan  that  of  the  highest 
terrace  in  Marsh  Valley. 

The  beds  at  the  southern  end  of  the  Bannack  Eange  are  probably  the 
continuation  of  those  on  the  east  side  of  the  valley,  as  Professor  Bradley 
speaks  of  finding  characteristic  fossils  in  the  southern  end  of  it. 

The  upper  valley  of  the  Malade  has  an  elevation  of  about  4,700  feet,  and 
is  filled  with  soft,  sandy,  and  marly  beds.  On  the  Little  Malade  there  are 
bluffs  of  these  beds  aboftt  60  feet  high.  Near  Plymouth  1  found  in  these 
beds  specimens  of  a  Limncea.  Whether  these  beds  are  contemporaneous 
with  those  of  Cache  Valley  or  later  I  don't  know,  but  they  are  more 
alkaline,  and  if  the  lake  filled  the  valley  after  that  of  Cache  Valley  was 
drained,  they  are  probably  more  modern.  There  are  hot  springs  deposits 
at  various  points,  and  many  of  the  springs  still  exist  with  slightly  warm 
water. 

As  we  have  already  seen,  the  Tertiary  beds  outcrop  on  the  east  side 
of  the  valley.  On  the  west  I  did  not  see  them.  They  are  probably 
present  beneath  the  more  modern  deposits.  On  some  old  maps  the 
Malade  is  known  as  Eoseaux  or  Eeed  Creek. 

At  Hampton's  Bridge  of  Bear  Eiver  the  Bear  is  flowing  southwest, 
but  it  now  turns  southward,  and  flows  parallel  to  the  Malade  south  be- 
yond our  district.  Where  they  cross  our  south  line  they  are  only  about 
a  mile  from  each  other.  From  this  point  the  streams  are  both  very 
sluggish.    The  river  terraces  on  the  Bear  at  the  bridge  are  well  marked. 

BLUE  SPRING  HELLS. 

The  Blue  Spring  Hills  lie  on  the  west  side  of  Malade  Valley.  Throe 
topographical  stations  were  made  on  them,  the  summit  of  the  range 
forming  the  western  line  of  the  work  done  by  us.  The  rocks  are  all 
Carboniferous,  with  western  dips.  Station  136  was  on  the  hills  west  ot 
the  head  of  the  Malade.  Limestones  outcrop  on  these  hills  dipping  15° 
south  27°  west.  Fossils  were  obtained  from  two  layers  on  the  eastern 
slopes  of  the  hills.    The  following  are  the  fossils: 

Layer  No.  1 — Zaphrentis f 

Fenestella . 

Rhombopora  lepidodendroides. 
Layer  No.  2 — Productus  pratteniianm. 

Rhynehonella  uta. 

Spirifer  striatus. 

South  of  Samaria,  the  following  were  found : 

Productus  costatus  var. 

Euomphalus f 

Aulopora f 

Zaphrentis .t 

39  a  s 
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From  Station  137,  Mr.  MoabtaBa  brought  in  the  following : 
Ewmphalwi  hum*. 
Product  u*  netnireticulatiis. 
Spirifir  rovl-ymontonus. 
fcpirifer  (Mortinia)  plaiwconrcra. 
Mr.  Mnsbbach  reports  that  some  of  the  limestones  were  almost  en- 
tirely composed  of  musses  of  these  fossils.    These  hills  probably  repre- 
sent the  western  side  of  an  mitk-liiial,  the  axis  of  which  must  lie  towards 
tho  cast  side  of  Malade  Valley.    There  may  be  a  fault,  bat  I  saw  no  ev- 
idence of  it. 


CHAPTER    VI. 


RESUME  OF  THE  GEOLOGICAL  FORMATIONS  OF  THE  DIS- 
TRICT. 

Archaean  Rocks— Paleozoic  Rocks— Mbsozoic  Rocks— Post-Cretaceous — Ceno- 

zoic  Rocks— Volcanic*  Rocks. 

In  the  present  chapter  I  propose  to  review  briefly  the  geological 
formations,  and  to  state  a  few  conclusions  that  appear  obvious  from  a 
consideration  of  the  facts  presented  in  the  preceding  portions  of  the 
report.  These  facts  are  as  yet  too  isolated,  and  the  district  too  cursor- 
ily examined  to  afford  reliable  data  for  extended  generalizations. 

As  is  evident  from  the  preceding  chapters,  the  district  is  almost  entirely 
a  sedimentary  area.  In  the  northeastern  corner  we  have  Archaean  rocks 
in  the  foothills  of  the  Wind  River  Mountains,  but  the  area  is  very  lim- 
ited. In  the  northwest  the  basaltic  flows  are  somewhat  prominent.  No 
other  volcanic  rock  was  noted  within  the  limits  of  our  district.  The  sedi- 
mentary rocks  are  much  folded  in  the  eastern  portion  of  the  district, 
and  accompanying  this  folding  there  was  much  vertical  displacement. 
Toward  the  west  the  folds  have  been  very  much  eroded,  and  the  spaces 
between  the  portions  left  have  been  filled  with  lake  deposits.  The  fol- 
lowing table  of  the  formations  of  our  district  presents  the  general  section 
as  derived  from  the  detailed  sections  already  given: 
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ARCH^AN  EOCK8. 

The  Archaean  rocks  of  our  district  are  limited  to  the  extreme  north- 
east corner  of  the  area  where  the  foot-hills  of  the  Wind  River  Mount- 
ains and  a  few  isolated  buttes  are  composed  of  a  granite  which  is  made 
up  of  a  red  feldspar  and  gray  quartz  and  muscovite.  These  buttes 
appear  to  have  been  islands  in  the  earlier  Tertiary  lakes.  As  the 
main  mass  of  the  mountains  is  within  the  limits  of  Dr.  Endlich's  dis- 
trict, I  shall  leave  the  discussion  of  these  rocks  to  him.  They  under- 
lie the  soft  beds  of  the  Wahsatch  Group,  the  lowest  layers  oT  which 
are  evidently  derived  from  the  degradation  of  the  granitic  rocks. 
There  is  a  slight  inclination  from  the  hills  as  though  there  had  been 
some  elevation  of  the  Wind  River  Mountains  subsequent  to  the  dep- 
osition of  the  Tertiaries.  The  angle  of  inclination  is  greater  than 
would  be  expected  if  the  strata  were  merely  deposited  on  a  sloping  bed. 
The  mountains  formed  the  shore  of  the  lake  all  through  Tertiary  time,  and 
probably  towered  above  the  Palaeozoic  seas  from  early  time,  as  did  the 
Rocky  Mountains  of  Colorado,  with  which  they  were  probably  synchro- 
nous. There  was  probably  also  a  contemporary  subsidence.  At  any 
rate,  the  evidence  appears  to  point  to  a  subsidence  of  the  range  and  that 
of  the  Green  River  Basin  during  Tertiary  time.  On  the  west  side  of 
the  basin  the  Wahsatch  beds  rest  unconformably  on  Jurassic  and  Cre- 
taceous strata  that  were  crumpled  and  folded  prior  to  the  existence  of 
the  later  Tertiary  Lakes.  These  older  beds  terminate  to  the  eastward 
beneath  the  Wahsatch  Group  somewhere  between  the  Wind  River  Range 
and  the  west  side  of  the  basin.  The  most  prominent  of  the  isolated  gran- 
itic areas  near  the  Wind  River  Mountains  is  Fremont's  Butte.  It  is  on 
the  south  side  of  Willow^Creek,  and  rises  650  feet  above  the  creek  level. 

In  the  preceding  chapter  I  have  referred  to  the  fact  of  Mr.  Hague 
finding  granitic  boulders  in  Logan  Canon.  If  there  is  a  granitic  area 
at  the  head  of  either  of  the  forks  of  Logan  River  it  must  be  very  lim- 
ited in  its  extent,  probably  appearing  only  at  the  bottom  of  the  cafions. 
None  were  seen  by  us,  and  I  merely  mention  the  probability  of  the 
occurrence. 

PALAEOZOIC  ROCKS. 

At  no  point  within  the  district  was  I  able  to  obtain  a  continuous  sec- 
tion from  the  base  of  the  Palaeozoic  to  the  top.  In  the  east,  the  lowest 
Palaeozoic  outcrops  identified  are  Carboniferous,  and  in  the  west  the 
Cambrian  rocks  are  the  lowest  and  show  by  the  erosion  of  the  overlying 
beds;  but  at  no  place  could  I  get  an  uninterrupted  section  from  the 
lowest  exposure  of  the  Cambrian  to  even  the  top  of  the  Silurian.  The 
general  section  given  is  compiled  from  the  various  outcrops,  which  are, 
however,  sufficiently  connected  to  show  that  the  entire  section  is  con- 
formable. It  is  possible  that  a  portion  of  the  base  of  the  Carboniferous 
section  as  given  in  this  report  in  the  Wyoming  and  Salt  River  Ranges 
should  be  referred  to  the  Devonian.  In  the  absence  of  fossils  other 
than  Carboniferous  I  have  included  it  with  the  Carboniferous. 

In  the  Bear  River  Range,  Devonian  occurs  according  to  the  state- 
ments in  reports  of  the  fortieth  parallel  survey.  We  found  no  fossils,  how- 
ever,' and,  even  if  found,  our  examinations  were  not  detailed  enough  to 
carry  the  subdivisions  over  the  whole  district,  and  I  have  not,  therefore, 
separated  the  Devonian,  in  this  western  portion  of  the  district,  from  the 
Carboniferous. 

SILURIAN. 

The  recognized  Silurian  areas  of  our  district  a\Y  \\^  \\\  \Xn&^*»fc»  V&S^ 
The  most  eastern  exposures  were  noted  in  the  "Bear  1&n <sc  Tkaav^O^^ 
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our  examination  of  this  range  was  too  cursory  to  enable  us  to  present  a 
section,  as  only  the  upper  part  of  the  series  was  seen  here  by  us.  North- 
west of  the  Bear  River  Range  there  are  larger  areas  of  Silurian  rocks, 
the  ranges  in  that  region  being  largely  composed  of  them.  It  is  a  region 
of  complicated  folding,  and  the  erosion  of  these  numerous  folds  has  left 
isolated  mountain  masses  or  short  ranges  in  which  Cambrian  or  Primor- 
dial and  other  Lower  Silurian  rocks  are  exposed.  I  obtained  no  fossils 
that  would  refer  any  of  the  limestones  to  the  Upper  Silurian.  The  gen- 
eral section  already  given  is  based  on  the  system  of  Dana. 

Cambrian  or  Primordial. — The  Ixjst  exposure  of  Cambrian  rocks  in  our 
district  is  given  in  the  section  eastward  from  Station  77  (section  Xo.  22). 
Here  we  have — 

1.  Dark-gray,  almost  black,  quartzites  and  quartzitic  sandstones,  with  indu- 

rated argillaceous  slates;  iron  oxide  appears  to  be  characteristic  of  the 
lower  layers  of  sandstones;  some  of  the  beds  appear  to  be  highly  meta- 
morphosed; thickness  in  feet 1,600 

2.  Silvery-gray  and  steel-gray  micaceous  slates ;  thickness  in  feet 1, 900 

3.  Olive  green  and  gray  chloritic  slates  with  fucoidal  T  markings,  with  bands 

of  quartzite  and  indurated  clay  slates ;  thickness  in  feet 1, 560 

4.  Pink  and  white  quartzites,  conglomeritio  at  the  top  and  underlaid  by  slates 

and  limestones;  thickness  in  feet 2,000+ 

Total 7,060+ 

The  quartzites  here  I  am  inclined  to  consider  as  the  same  series  as 
that  given  near  Station  133  (section  No.  21).  In  the  latter  place  we 
have  between  1,200  and  1,500  feet  of  quartzites,  the  lower  portion  being 
red  and  having  a  general  resemblance  to  those  of  Station  77  (layer  No.  4). 

On  Station  130  a  similar  red  quartzite  outcrops,  but  it  has  limestones 
just  below,  and  below  them  a  series  of  very  dark  green  chloritic  rocks, 
unlike  those  of  any  other  section  in  our  district.  I  am  inclined  to  place 
these  below  the  section  of  Station  77,  and  consider  them  of  probable 
Iliironian  age.  I  shall  include  them  in  the  section  of  the  Silurian  for 
the  present.  None  of  the  sections  exposed  the  underlying  crystalline 
schists. 

The  beds  given  in  the  sections  are  probably  equivalent  to  King's 
Cambrian  shales  and  Cambrian  quartzites.  No  organic  remains  were 
obtained  from  the  rocks.  Some  of  the  layers  appeared  to  have  fucoidal 
markings,  and  also  what  might  possibly  represent  traces  of  worms. 

Canadian. — The  Canadian  period  is  undoubtedly  i>resent  in  our  dis- 
trict as  lirst  determined  in  1872  by  Professor  Bradley. 

Above  the  pink  quartzites  of  Section  No.  21  is  a  series  of  greenish 
sandstones  and  shales  with  interlaminated  limestones  and  quartzites 
with  a  thickness  of  about  1,300  feet.  These  beds  lie  below  the  lime- 
stones which  contain  the  fossiliferous  layers,  and  1  have  provisionally 
referred  them  to  the  Calciferous,  conlining  the  Quebec  Group  to  the  lime- 
stones above.  The  section,  although  the  most  complete  made  by  me, 
does  not  extend  to  the  top  of  the  group.  West  of  Mai  ad  e  City,  the 
section  gives  2,000  feet  referred  to  the  Quebec  by  Bradley.  Mr.  St. 
John  has  kindly  furnished  me  with  the  following  section  made  at  Mount 
Putnam,  beginning  at  the  base : 

a. — Quartzite. 

b.  —  hark  greenish  chloritic  slates. 

c. — Heavy  deposit  of  quartzite,  dip  85°  eastward. 

d.— Soft  bluish  micaceous  shales. 

i: — Heavy  deposits  of  quartzite  conjjlomcritic,  in  color  pink,  reddish  and  white  with 
thin  layers  of  micaceous  shales,  dip  tfOJ  eastward;  locally  20°  to  30°  east-north- 
east, and  STi°  eastward. 

f. — Dark  red  finely  laminated  sandstone,  thick  bed.     Potsdam  f 
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The  letters  in  this  section  correspond  with  those  given  in  the  illustra- 
tion of  sections  across  the  Portnenf  Range  in  Chapter  IV. 

From  the  position  of  these  beds  in  relation  to  those  of  the  section 
(No.  20)  of  Station  76, 1  am  inclined  to  consider  them  as  at  the  base  of 
the  Canadian,  or  perhaps  all  the  equivalent  of  the  Potsdam,  although 
the  section  is  somewhat  like  the  top  of  Section  No.  22.  I  think  Mr.  St. 
John  is  inclined  to  refer  the  base  of  the  section  to  the  Hnronian.  In 
the  following  section  the  double  line  separating  the  two  portions  indicates 
the  line  of  greatest  obscurity  in  the  sequence. 

The  list  of  fossils  following  the  section  gives  the  localities  of  on- 
doubted  Silurian  rocks  throughout  our  district.  I  did  not-recognize  any 
Upper  Silurian. 

Silurian  section. 


Very  dork-green  ihluilli.'  -itir-tJ.  .,.i!i  .lining  i|U:irU  nnd  serpentine 
ecama  nnd  lutarluminnU'd  hands  of  TurTitiimn'uoaod  argillaceous 
aluk'B,  aad  a  bud  of  pink  quartzUo  WO  feet  thick. 


'U.'h'i 


Dark  qnortiitcs  iriili  iiiterbuuiniitnl  Kliit  i*. 


5111017  llJIU  uteel-gray  micaceous  slotu*. 


liue-grtwu  mill  gray  chlorltic  slate  b  nnd  indurated  clay  slntem. 


:  .-■Mi-liimoritie  at  top  ■ 


Oi-nilly    In  mil  i  ii  I  eil    with 


Organic  contents. 

Fossils  characteristic  of  the  Quebec  Group  were  found  in  our  district 
in  1872,  by  Professor  Bradley.  The  finding  of  these  fossils  marked 
the  first  identification  of  the  group  in  the  Bocky  Mountains. 

The  following  list  of  fossils  near  Malade  City  is  quoted  from  the  report 
for  1872  {p.  464): 

CamereUa  calcifera  Billings. 

Orthis  hippolite  Billings,  (f) 

Orthis  like  0.  eleetra  Billings. 

Euomphalun  (1)  troekiscus  Meek. 

Euompkalus  (1)  rotnli/ormis  Meek. 

Euomphalun  or  Opkiteta, 
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Agnostus  josepha.  Hall. 

Conocoryphe  (several  species).  i 

Bathyurellus  (Asaphiscus)  bradleyi  Meek. 

Batkyurus  saffordi  Billings. 

Bathyurus  or  Diheloceplialus. 

Bathyurellus  (Diheloceplialus)  (?)  truncatus  Meek. 

Asaphus  (MegalatpUi)  (?)  goniocercus  Meek, 

The  fossils  collected  by  us  during  the  season  of  1877  have  not  been 
carefully  studied  as  yet,  so  that  the  list  following  is  not  complete. .  It 
is  probable  that  many  of  them  are  identical  with  some  collected  by  Pro- 
fessor Bradley. 

List  of  Silurian  fossils. 

Bathyurus  and  other  ob- )  Head  of  the  middle  canon  of  Bear  River  at  the 
obscure  Silurian  forms.  J     South  end  of  Gentile  Valley. 


Discina  sp. 


Orthis  like  0.  plicatella 
Orthti  like  0.  testudinata. 
Several  species  of  trilo- 
bites. 


Canon  east  of  Smithfield. 


Forks  of  Logan  River,  in  canon  near  Sta- 
tion 125. 


Conocoryphe  sp. 
Dihelocephalus  sp.  ? 
Bathyurus  two  sp.t 
Obolella  sp.f 
Discina  sp.f 

Bathyurus  sp.? 
Hyolithvs  sp.'f 
Acrotrcta.  sp.  f 
J)iscina  sp.  f 

Orthis  sp.f 


I  Station  133,  between  Marsh  and  Cottonwood 
f     Creeks,  north  of  Cache  Valley. 

")  Mouth  of  Weston  Creek  Cation  on  west  side 
I  of  the  Cache  Valley,  at  the  south  end  of  the 
[  northern  portion  of  Malade  Range,  near  sta- 
3     tion  130. 

)  Head  of  Station  Creek,  west  of  Bear  River 
J         Range. 


CARBONIFEROUS. 

In  the  eastern  and  middle  portions  of  the  district  the  Carboniferous 
formation  occupies  a  prominent  and  important  position,  the  outcrops 
representing  the  important  ranges,  into  whose  structure  they  largely 
enter,  sometimes  making  up  whole  ranges.  They  are  the  lowest  rocks 
exposed  in  the  Wyoming  and  Salt  River  Ranges.  In  the  Bear  River 
Range  the  Carboniferous  limestones  overlie  conformably  the  Silurian, 
and  we  do  not  have  the  entire  upward  extension  of  the  beds  shown. 
I  shall  now  brietiy  recapitulate  the  most  important exposures  of  the 
Carboniferous. 

La  barge  Mountain, — At  this  locality  we  have  two  isolated  masses  of 
Carboniferous  rocks.  The  most  prominent  was  named  after  the  stream 
just  south  of  it  and  is  a  monoclinal  ridije  surrounded  bv  Tertiarv  strata. 
There  are  between  400  and  T>00  feet  of  limestones  exposed  on  the  eastern 
face  of  the  mountain,  and  a  few  indistinct  fossils  of  Carboniferous  aspect 
were  seen  in  the  beds  on  the  summit.  Whether  this  mountain  and  the 
northern  smaller  mass  are  the  remnants  of  an  anticlinal,  or  whether  they 
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represent  a  line  of  uplift  with  a  fault  along  its  eastern  side,  could  not  be 
positively  determined.  I  am,  however,  inclined  to  believe  the  former, 
and  that  they  were  islands  in  the  Tertiary  lake. 

Thompson  Plateau. — This  area  of  Carboniferous  lies  west  of  the  two 
island-like  areas  just  described,  and  like  them  has  westward-dipping 
limestones.  At  the  south  end  there  may,  however,  be  dips  in  the  op- 
posite direction.  This  plateau  is  directly  on  the  line  of  elevation  of 
Meridian  Ridge  and  the  line  of  the  fold  continuing  northward  from  Piney 
Greek.  I  am  inclined  to  think  there  is  faulting  along  the  east  edge  of 
the  plateau,  but  it  may  be  that  this  area  only  represents  a  higher  portion 
of  the  fold,  in  which  erosion  has  been  greater,  so  that  the  eastern  side  of 
the  anticlinal  has  been  entirely  removed.  To  determine  which  is  the 
correct  view  the  southern  end  of  the  plateau  will  have  to  be  more  thor- 
oughly investigated,  and  its  connection  with  the  Meridian  Eidge  deter- 
mined. There  may  be  a  synclinal  between  the  south  end  of  the  plateau 
and  Labarge  Mountain.  At  the  north  end  the  Wahsatch  beds  come  up* 
over  the  limestones. 

Wyoming  Range. — This  range  continues  northward  from  Piney  Creek, 
and  is  composed  of  limestones  and  a  few  bands  of  quartzites,  in  which 
no  fossils  older  than  Carboniferous  were  found  by  us.  The  eastern  face 
of  the  range  presents  a  bluff  of  these  limestones,  which  dip  to  the  west- 
ward at  every  point  where  this  face  of  the  range  was  seen.  No  detailed 
section  was  made  of  the  entire  series  in  the  range,  but  there  must  be  a 
thickness  of  from  5,000  to  0,000  feet  of  beds.  Crossing  the  range  from 
east  to  west,  we  find  the  centre  of  the  mountains  occupied  by  a  shallow 
synclinal  depression,  which  is  best  seen  in  the  Triassic  rocks  north  of 
Station  55.  On  the  western  slopes,  beds  of  the  Jura-Trias  outcrop,  and 
beyond  them  probable  Cretaceous,  all  conformable  to  the  Carboniferous. 
This  fixes  the  age  of  the  mountains  as  Post-Cretaceous.  Along  the  east 
edge  of  the  mountains  the  upper  limestones  of  the  bluff  are  from  2,000 
to  3,000  feet  above  the  sandstones  that  outcrop  at  the  base.  The  latter 
have  tyeen  referred  to  the  Laramie  Group,  and  they  dip  to  the  west- 
ward abutting  against  the  westward-dipping  Carboniferous.  We  have 
here,  therefore,  an  immense  displacement,  which  exists  along  the  entire 
front  of  the  range.  The  line  of  the  fault  is  very  irregular,  curving  to  the 
westward  at  a  number  of  places  so  that  bays  of  the  more  modern  rocks 
extend  into  the  range.  At  first  I  thought  the  range  was  the  shore  line 
against  which  these  beds  were  deposited,  bilt  at  no  point  along  the  range 
did  the  Laramie  sandstones  show  any  evidence  of  their  deposition  in  close 
proximity  to  the  shore  line.  The  formation  of  this  fault  and  the  folding  x 
observed  east  of  the  range  and  in  its  central  portion  were  all  probably 
contemporaneous,  and  should  be  referred  to  early  Tertiary  time.  When 
the  Wahsatch  conglomerates  were  formed  the  Wyoming  Range  formed 
a  part  of  the  western  shore  of  the  lake. 

Salt  River  Range. — This,  which  is  also  mainly  a  Carboniferous  range, 
presents  along  its  eastern  face  a  fault  like  the  fault  of  the  Wyoming  Range, 
with  the  downthrow  also  on  the  east.  It  was  not  accurately  measured, 
but  it  is  fully  as  great  in  its  extent.  Its  southern  extension  is  perhaps 
to  be  found  in  the  fault  along  the  east  side  of  the  Absaroka  Eidge,  which 
is  similar  though  not  so  great  in  amount.  In  the  latter  place  the  Fox 
Hills  Cretaceous  abuts  against  the  Carboniferous. 

The  structure  of  the  Salt  River  Range  is  so  complicated  that  the 
reader  will  have  to  refer  to  the  detailed  description  in  a  preceding  chap- 
ter. Suffice  it  to  say  here  that  there  are  a  number  of  interesting  folds 
which  at  the  southern  end  of  the  range  involve  the  Jurassic  au&Crcftr 
taceousf  rocks  as  well  as  Carboniferous.     Tkfc  Cas\>o\AfeTOv\s>  «?L  *S&s> 
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ranges,  appears  from  the  few  sections  made/ to  be  composed  mainly  of 
massive  bine  limestones,  with  which  a  few  brads  of  quartrite  axe  inter- 
laminated. 

Near  Station  66  and  southward,  overlying  conformably  undoubted 
Cartjoniferous  strata,  a  series  of  rather  shaly  and  somewhat  arenaceous 
beds  was  observed,  which  in  the  field  were  referred  to  the  Upper  Car- 
boniferous, as  they  were  in  position  beneath  red  sandstones  considered 
to  be  of  Triassic  age.  An  investigation  by  Professor  White  of  the  few 
fossil  remains  from  them  indicates  their  Triassic  t  age. 

South  of  the  Salt  River  Bange  a  comparatively  low  Carboniferous 
range  extends  to  Twin  Greek  from  the  head  of  Smith's  Fork  of  the 
Bear,  on  the  east  side  of  Ham's  Fork  of  Green  Eiver.  Neither  these 
rocks  nor  those  of  the  Sublette  Bange,  referable  to  the  Carboniferous, 
were  sufficiently  studied  to  develop  the  details  of  their  occurrence. 
They  form  an  antioUnaL 

Preuss  Ratig&— In  this  interesting  range  the  Carboniferous  rocks,  con- 
sisting of  massive  limestones,  showing  in  several  sharp  folds,  yielded  a 
number  of  their  characteristic  fossils.  North  of  the  ranee,  at  Station 
05;  the  upper  portion  of  the  formation  consisted  of  a  white  quarfxite, 
siliceous  limestone,  and  laminated  blue  limestones,  above  which  were 
arenaceous  strata  with  Triassic  t  fossils. 

Bear  River  Range.— 'In.  the  central  portion  of  the  Bear  Biver  Mount- 
ains massive  limestones  form  an  important  part  of  the  range.  .They 
have  a  thickness  of  5,000+  feet.  In  the  upper  part  they  become  jwme- 
what  siliceous.  These  beds  form  the  Wahsatch  Group  of  the  Fortieth 
Parallel  Survey,  Hie  base  of  which  has  been  referred  to  the  Devonian 
by  the  geologists  of  that  survey. 

No  Devonian  fossils  were  obtained  by  us,  and  I  have  therefore  not 
been  able  to  separate  the  formation  nor  to  color  it  on  the  map  as  distinct 
from  the  Carboniferous. 

Portncuf  Range  and  Soda  Springs  Sills. — The  northern  portion  of  the 
Portneuf  Range  is  probably  almost  entirely  Carboniferous  in  its  south- 
ern extension.  A  quartzite  lies  at  the  base  of  the  section  here,  and  the 
central  portions  consist  of  dark-blue,  gray,  and  lighter  colored  lime- 
stone, with  quartzites  and  siliceous  limestones  on  top. 

In  the  Soda  Springs  Hills,  as  tar  as  seen,  the  Carboniferous  outcrops 
are  similar  to  those  already  described.  The  limestones  contained  an 
abundance  of  their  characteristic  fossils. 


Section  of  Carboniferous. 


1.  Rather  compact,  heavily-bedded  limestones,  with  a  few  quartzitio  layers  at  the  base  in  the 

Wyoming  and  Salt  Hirer  Ranges. 
31angive  blue  and  gray  limestone,  with  laminated  layers  at  the  base  in  the  Bear  River  Bangs. 
Blue  dove  colored  and  reddish  weathering  limestones  in  Portncuf  Bange. 
Thickness,  about  5,000  feet. 


2.  Quartzites  in  Portneuf  Range,  and  in  Wyoming  and  Salt  River  Mountains  quartsite  with 
limestones  in  Station  06  ridge. 


overlying  dark-blue  laminated 


Tliis  general  section  is  based  on  the  following  detailed  section :  Nos. 
9,  14,  15,  1G,  17,  19,  20,  30,  and  31. 

1  <lid  not  recognize  any  beds  as  of  Permo-Carboniferous  age,  nor  could 
I  separate  the  Sub-Carboniferous  from  the  Coal  Measure  limestones,  as 
none  of  the  fossils  found  were  typical  of  the  lower  division  of  the  for- 
mation. 
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I  have  already  intimated  that  a  portion  of  the  beds  referred  by  me  to 
the  Carboniferous  may  be  Devonian  or  Silurian,  but  all  the  determinable 
fossils  collected  are  Carboniferous  in  their  facies.  Many  of  them  are 
undoubtedly  referable  to  the  Coal  Measures,  which  in  our  district  con- 
sist almost  entirely  of  limestones.  The  forms  of  some  of  the  subdivis- 
ions of  the  Carboniferous  are  so  apt  to  be  vertically  distributed  through- 
out the  others  that  the  division  is  of  little  use  except  on  litkoiogical 
grounds,  and  our  sections  are  too  general  to  do  that  in  the  district  under 
consideration.  A  list  of  fossils  from  the  west  side  of  Soda  Spring  Hills, 
collected  in  1871,  is  given  in  a  preceding  chapter. 

The  following  is  a  list  of  Carboniferous  fossils  collected  in  the  district 
during  the  season,  and  kindly  identified  for  me  by  Professor  White : 


List  of  Carboniferous  fossils. 


Zaphrentis  sp.t 
Productus  sp.t 
Hemipronites  sp.t 

Zaphrentis  sp.t 

Productus  sp.t 

Zaphrentis  sp.  t 

Archimedes  sp.t 
Crinoidal  stems. 
Corals  indistinct. 


Spirifer  sp. 


Spirifer  striatus. 

Spirifer  sp.  t 

Spirifer  (Martinia)  planoconvexus. 

Zaphrentis  sp.t 

Qlauconome  sp.  t 

Rhomhopora  sp.  ? 

Chonetes  platynota. 

Syrinrjopora  sp.  t 

Fenentella  sp.  f 

Crinoid  columns. 

Productus  multistriatus. 

Hemipronites  crcnistria. 
Spirifer  sp.  t 
Euomphalus  sp.  t 
Platycrinus  sp.  ? 
Zaphrentis  sp.t 
Murchisonia  sp.  t  • 

Synocladia  sp.  t 
Productus  sp.t 
P rectus  sp.f 
Slrej)torynchus  sp.t 
Ptilodyctia  sp.  t 


Labarge  Mountain,  Stations  10  and 
20. 

Station  25,  west  of  Fontenelle  Cafion. 

Coketown  Butte,  north  of  Smith's 
Fork  of  Bear. 

Station  47,  South  of  Piney  Creek- 

Station  48,  between  the  heads  of 

Piney  Creek. 

$ 

In  bowlders  from  conglomerates  of 
the  Wahsatch  Group,  north  of 
Bitterroot  Creek. 


Virginia  Peak,  near  the  north  end 
of  the  Salt  River  Range,  on  the 
east  side. 


i  McDougaFs  Pass,  at  head  of  Sickle 
\     Creek. 


Station  No.  57,  at  the  north  end  of 
the  Salt  River  Range,  west  side. 
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Product**  cottatui. 
Bpirifer  rockywKMtam**. 
Orinoidal  stems. 

Rkombopora  lepidodendroidc*. 
Hcmipronite*  erenutria. 
Product**  sp.t 

Bpirifer  rockymomtan**. 
Athvei  tjfaittta. 
Zapkrenti*  sp.t 
IVvxfagju  sp.t 
Orinoidal  stems. 

ZapArwitif  sp.f 
Cnnoidal  stems. 

Zariopora  sp.  f 
Rkynchonetta  sp.? 
Crtnoidal  stems. 

iYodturtatsp.f 
Rhynchontua  p**t*lo*a. 
Rhynchondla  rockywumtana. 
Enompkal**  sp.  f 

'l/fer  roccymoiitoiHii. 
fer$triat*$. 
fer  (Martinia)  sp.  f 
ilyra  (Sptri^era)  fnUiKi^f 

jZapfcrenti*  sp.  f 
JbMffeHasp.1 

Rkombopora  lepidodendroide*. 
Product**  prattenian**. 
Rhynchonella  via. 
Bpirifer  striatu*. 

Zaphrcnti*  sp.  f        « 
Enomphalus  sp.  f 
Aulopora  sp.  f 
Produetus  costatu*. 

Enomphalu*  luxxut. 
ProductuH  semirccticulat**. 
Bpirifer  roekymontanu*. 
Bpirifer  (Martinia)  planoconvexa. 


)  Station  Bo.  82,  on  cast  ride  of  11* 
c     Upper  Portaeuf  Yalkp . 

Ridge  southeast  of  East  Fork  of 
Blackfoot  River. 


Station  Ho.  110,  sooth  of  Bear  Like, 
on  east  side  of  valley. 

\  Station  114  in  Bear  River  Range, 
I     west  of  Bloomingtan. 

\  Station  No.  125,  at  Forks  of  Logan 
River,  in  cafiom 


Middle  of  Logan  Oafion. 


Eastern  dopes  of  Station  196,  on 
west  side  of  Malade  Valley. 


West  side  of  the  Malade  Valley, 
south  of  Samaria. 


Ridge  leading  to  Station  137,  on 
west  side  of  Malade  Valley. 


PALEOZOIC   OROGRAPHY. 

It  is  manifestly  impossible  to  enter  into  any  extended  generalizations 
from  the  few  facts  gathered  during  the  hasty  examination  of  a  district 
of  13,000  8(11131X3  miles  in  one  season.  There  are,  however,  a  few  points 
to  which  I  deem  it  necessary  to  will  attention. 

First.  The  sections  of  Palaeozoic  rocks  render  it  evident  that  the  sedi- 
ments were  dei>osited  in  a  deep  sea.  The  Silurian  and  Carboniferous  ages 
were  eminently  limest one-making  ages  intmr  district,  and  the  western, 
northern,  and  southern  shores  of  the  Palteozoic  sea  were  probably  far  be- 
yond the  limits  of  our  district.  The  Wind  River  Mountains,  as  well  as 
the  Rocky  Mountains  of  Colorado  and  their  northern  extension,  rose 
above  the  Palaeozoic  sea,  and  their  western  slopes  i>robaby  formed  a  por- 
tion of  the  eastern  shore  line. 

Second.  The  Palaeozoic  sediments  show  no  unconform  \bility  in  our  dis- 
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trict.  There  was,  therefore,  no  disturbance  during  the  period  within  the 
limits  of  the  area  studied  by  us  during  the  season  of  1877.  The  evidence 
also  points  to  a  successive  subsidence,  which  corresponds  to  what  was 
observed  in  Colorado.* 

Along  the  western  edge  of  the  Wind  Biver  Mountains  we  find  that 
Tertiary  strata  rest  on  the  Archaean  rocks,  and  Mr.  St.  John  informs  me 
that  in  the  Teton  Mountains  we  do  not  find  the  chloritic  rocks  of  the 
Cambrian  interposed  between  the  Potsdam  sandstone  and  the  Archaean 
nucleus  of  the  range. 

It  appears,  therefore,  that  in  Cambrian  time  the  shore  line  was  a  long 
distance  west  of  the  Eocky  Mountain  chain.  The  upper  part  of  the  Car- 
boniferous indicates  a  change  from  the  deep  seas  to  shallower  seas,  which 
continue  through  the  earlier  portion  of  the  Mesozoic  time.  The  faulting 
of  the  Palaeozoic  rocks  of  the  eastern  ranges  is  Post-Cretaceous  or  Early 
Tertiary  in  its  occurrence,  for  we  find  the  Jura-Trias  and  Cretaceous 
conformable  to  the  underlying  Carboniferous. 

MESOZOIC  EOCKS. 

The  Mesozoic  rocks  of  the  district  are  particularly  interesting,  not  only 
in  their  lithological  structure,  but  in  their  faunal  characteristics,  espe- 
cially as  regards  the  portion  referred  to  th'e  Triassic.  They  occur  in  lon^, 
narrow  zones,  extending  north  and  south  along  the  edges  of  the  PalieAzoic 
outcrops  in  the  mountains  5  and  east  of  the  mountains,  where  the  uplift  has 
not  been  so  high  nor  the  erosion  so  great,  we  find  them  folded  and  un- 
derlying Tertiary  strata,  with  which  they  are  markedly  uncomformable. 
In  the  region  of  the  Blackfoot  the  Mesozoic  rocks  have  been  subjected 
to  a  complicated  folding,  and  form  important  ranges,  which  extend  to 
the  northward  into  Mr.  St.  John's  district.  The  sequence  of  the  strata 
shows  a  progress  from  limestones  to  sandstones.  The  Triassic  is  an 
alternation  of  limestones  and  arenaceous  shales,  with  red  sandstone  at 
the  top.  In  the  Jurassic  we  have  limestones  and  shales,  while  in  the 
Cretaceous  the  limestones  are  few,  the  progress  being  from  argillaceous 
and  calcareous  shales  to  siliceous  sandstones,  which  form  heavy  beds  in 
the  Fox  Hills  Group. 

The  Cretaceous  formation  is  doubtless  present  above  the  Jurassic  in 
most  parts  of  the  district,  but  the  data  obtained  are  meager.  Fox  Hills 
fossils  were  obtained  at  two  localities,  but  the  lower  divisions  were  not 
positively  recognized. 

It  has  been  frequently  stated  of  late  that  the  separation  of  the  Trias 
from  the  Jura  is,  at  present,  a  matter  of  difficulty  in  the  West,  from  the 
fact  that  the  forms  supposed  to  be  characteristic  of  the  Jurassic  have 
been  found  in  the  lower  rocks  referable  to  the  Trias.  My  collections 
from  the  base  of  the  Trias  during  the  season  of  1877  appear  to  point  to 
the  same  state  of  confusion  in  the  distribution  of  the  Triassic  and  Ju- 
rassic fauna,  although  there  are  indications  that  data  may  yet  be  found 
which  will  warrant  the  definite  separation  of  the  Trias  from  the  Jura. 
Either  there  is  no  line  to  be  drawn  between  the  two  periods  in  this  por- 
tion of  the  country,  or,  as  is  more  probable?  we  are  not  yet  familiar 
enough  with  the  organic  remains  of  the  periods  to  say  what  are  the 
characteristic  faunae.  The  period  of  sedimentation  appears  to  be  un- 
interrupted from  one  period  to  the  other,  with  the  strata  of  both  similar, 
and  it  is  scarcely  to  be  wondered  that  some  forms  of  the  animal  life  of 
the  periods  should  also  be  continuous.    I,  therefore,  still  use  tl\A  tero^ 

•  Beport  U.  &  GeoL  Survey  for  1874, 1875,  pp.  «&,  S&. 
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Jim-Trias,  making  the  divison  of  the  formatioDS  in  tto  section  partly  o* 

omuls* 


i;'4[k- 


groans 

JUBA-TKIAB. 


Immediately  overlying  the  Carboniferous  limestone*  in  the  Salt  Star 
Bange,  and  in  the  ridge  of  Station  fl&is  a  aeries  of  atarasting  arena- 
ceous beds  and  laminated  limestones.  Tb^  toe  conformable  to  the  Car- 
boniferous, and,  at  first,  were  referred  to  the  Permian  diiision  of  that 
age,  as  above  them  was  a  series  of  red  sandstones  and  shales,  whkh 
were  without  hesitation  referred  to  the  Trias.  The  examination  of  their 
organic  contents,  however,  by  Dr.  White  indicates  them  to  be  of  Triasrie 

a  p.    With  these  are  Jnrassic  forms.    Above  the  red  sandstones  an 
ne  limestones,  followed  by  shales  and  quartettes,  in  which 
Jnrassic  fossils  are  numerous.    The  paleontologies^  question 
by  the  mingling  of  Jnrassic  and  Triassic  forms  will  be  dlsensseil  ehe- 
where  by  Dr.  WTiite- 
W>jJL  TBIA88IO— The  red  sandstones  and  the  beds  lying  between  them  and 
yy  the  Carboniferous  limestones  I  shall  treat  under  this  head,  dividing  them 
JY  into  the  two  groups,  which  I  cad  the  "Bed  Beds"  and  the  "Jfoflkocm 
^^Beds7';  the  latter  is  named  ftom  the  characteristic  fossils,  a  new  genus, 
*A#  wjf  which  three  species  were  collected. 

t^L|  The  Triassic  rocks  arefound  entering  conformably  into  the  folds  whkh 
have  resulted  in  the  formation  of  the  various  ranges  of  oar  district.  I 
shall  now  briefly  recapitulate  the  principal  occurrences  of  the  rooks. 

Oreen  River  Baain*--On  the  west  edge  of  the  Green  River  Basin  the 
fold  that  marks  its  western  boundary  is  rarely  cut  through  .90  as  to 
expose  the  Trias.  At  Fontenelle  Cation,  below  the  Jurassic  beds,  red 
quartzites  outcrop.  These  were  referred  to  the  Bed  Beds,  as  was  also 
the  outcrop  of  red  sandstones  at  the  mouth  of  the  canon  of  Ham's  Fork 
(p.  534.)  Farther  north  a  quartzite  referred  doubtfully  to  the  Trias  is 
occasionally  seen  in  some  of  the  canons  cut  by  the  streams  on  their  way 
from  Mericlianal  Valley  to  the  Green  River  Basin.  All  these  outcrops 
are  limited. 

Wyoming  Range. — On  the  summit  of  the  Wyoming  Range  an  area  of 
Red  Beds  occupies  the  synclinal  depression  which  extends  northward 
^Irom  Station  55.    At  the  latter  i>oint  was  made  the  only  detailed  section 
w***tflf  the  lied  Beds.    It  is  given  in  Section  No.  10,  and  shows  them  to  eon- 
As^     sist  mainly  of  dark  red  quartzites,  with  shaly  and  calcareous  layers 
-   coming  in  towards  the  base.    The  total  thickness  here  is  a  thousand  feet 
/   or  more.    The  u  Meekoceras  Beds*  probably  show  below,  but  the  section 
\.  could  not  be  carried  through  them. 
'    Along  the  western  side  of  the  range  the  "  Red  Beds  v  show  in  the  valley 
of  John  Day's  River,  forming  low  hogbacks.    The  Triassic  rocks  of  the 
Wyoming  Range  are  probably  the  northern  continuation  of  those  seen  in 
Fontenelle  Canon.    The  greater  elevation  here  and  the  consequent  ero- 
sion have  removed  the  overlying  Jurassic,  which  in  Meridian  Ridge  con- 
ceals the  Trias. 

ASalt  Riccr  Range. — In  the  Salt  River  Range  we  find  both  groups  of 
the  Trias  entering  into  the  complicated  folds  which  enter  into  its  struct- 
ure. The  outcrops  of  Triassic  do  not  appear  to  extend  north  of  Glacier 
Creek,  and  for  the  details  of  their  occurrence  in  the  region  of  Stations  50 
and  58,  the  reader  will  have  to  refer  to  the  description  of  the  Salt  River 
Range  given  in  Chapter  IV.  At  Station  5C,  above  the  Carboniferous 
limestones  containing  Productus  miiltwtriatuft,  is  a  series  of  arenaceous 
and  calcareous  beds,  which,  when  first  seen,  were  referred  to  the  upper 
division  of  the  Carboniferous.   Ttass  ro\i\&&&*L  *  few  fossils,  which  have 
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been  identified  by  Prof.  G.  A.  White  as  Triassie  (I ).  Their  resemblance 
to  beds  at  Station  66  was  apparent,  and  they  were  considered  to  be  of  the 
same  age  while  we  were  in  the  field. 

Blackfoot  Basin. — In  this  region  the  Triassie  beds  are  generally  con- 
cealed by  the  overlying  Jurassic  limestones-aud  shales.  At  Station  66, 
however,  and  in  several  of  the  ridges  in  the  immediate  neighborhood, 
as  at  Station  70  and  various  points  in  the  northern  spurs  of  the  Preuss 
Range,  we  have  the  lower  division  showing. 

Bear  Lake  Plateau. — Towards  the  northern  end  of  the  Bear  Lake  Plat- 
eau the  Triassie  red  sandstones  appear  in  folds  under  the  almost  hori- 
zontal layers  of  the  Wahsatoh  Group.  These  beds,  with  the  overlying 
Jurassic,  continue  northward  to  the  Preuss  Range. 

Sublette  Range. — The  eastern  slopes  of  the  Sublette  Range  are  almost 
entirely  of  Jurassic  rocks.  On  the  west,  however,  the  Red  Beds  show. 
The  lower  group  does  not  appear  as  far  as  noted  by  us. 

Jubassic. — The  localities  given  for  the  Triassie  might  be  given  also  as 
Jurassic  localities,  and  I  shall  therefore  not  repeat  them  here,  but  refer 
the  reader  to  the  preceding  chapters. 

The  Jurassic  strata  are  conformable  to  the  underlying  Red  Beds.  I 
have  divided  them  into  two  groups,  which  I  have  named  after  the  fossils 
that  appear  to  be  characteristic  of  them,  at  least  as  far  as  the  district  is 
concerned. 

The  lower  group  consists  mainly  of  blue  and  gray  limestones  which 
become  shaly  towards  the  top  of  the  section.  Pentacrinw  aateriacue  ap- 
pears to  range  through  the  limestones  from  top  to  bottom.  The  upper 
group  is  mainly  arenaceous,  and  at  the  locality  of  the  best  section,  con- 
tained Belemnites  densus,  from  which  I  have  named  the  group,  although 
it  is  probable  that  Belemnitcs  extends  down  in  the  formation,  and  will 
be  found  associated  with  Pentacrinue. 

The  following  is  the  general  section  of  the  Jura-Trias  of  the  district 
examined  by  us : 

General  lection  in  SoulheaMt  Idaho  and  Wettem  Wyoming. 


i.   II.-il  .m.l  ur;iv  -lull',  with  irri'i  ii  H;iTiil»(imr-s.  ami  srfra m- 

I "  ■  -l  i  ■  -  —  .  ■  i  i  ]:•■  n  |  i[i'-l   |  p'-r  c  i II'    ■■'■■  i  m  i.  ■  .■]'['■■' IK- 

a  ijoiirt/.iin  tluir  is  iiniluldy  IW  Linen  •>(  tlio  Cretaceous. 


,  LHTnlnntwl  1  impel  nn<.w.  bine  at.  liHBe.  pnnhig  Into  Rfav  Ht 

[.![..  -m  .  .---lirnl  al-iv,.  1 1.-  ^iilusIi  '  ,i3(  ,iri«.ujj  buoIob \  niany 
or  the  Ittjute  arc  probably  aimuccoua. 


Hotl  ininrliitio  afurl  -I-ti.  h  wlrli  slirilv  invrnroorca  ami  cal- 

lirnhiililr  III"  . -.| i ii ■.■,:!.  nl-  i.f  r  hi,.  ly|ij,;ul  lLi'il  R.'Js  lit"  Ui.i 
j;,i;.hL[L  1:.».'Lly  .MuiiEUaiii  roglun. 


Alttmntinn*  iiriv.|.ll:-li  .mm  I  ^m  .  tiM,  -Hnitilatonpn  nn<!  am 

HrM-'-tiim'"'.'  -I: 'l! .'  .V,'.J  i „". |'h  : ! !^ ■  V. ! i^'i  1  iV- -i'-. mi" 'i! I" |-^  v  h'',1]- ' !■' '„ 
r.-i(il,niiirii:sri>'i,ii-H  fin  «...«■  Tri^ii- '  p.-mm  l.v  L'r..!,.-., 
][y;iti,  lost-fliiT  with  Ibnn*  that  have  uuon  hurutufi 
iiiiv-iil<'i'.iL  na  of  JuniBHio  age. 
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This  general  section,  as  I  hare  already  indicated,  ha*  been  compiled 
from  tlte  detailed  sections  given  in  preceding  portions  of  the  report.  The 
numbers  of  these  sectionx  are  given  in  the  right-hand  eolnniD  of  the 
table. 

Section  No.  11.  in  John  Day's  Valley,  begins  just  at  the  top  of  the  "lied 
Beds."  Of  the  latter  the  best  section  was  made  at  Station  55.  (Section 
>'o.  10.) 

The  section  of  Station  So.  GG  (Section  No.  19)  is  the  section  of  the  Heek- 
oceras  Beds,  and  I  am  of  the  opinion  that  it  lies  immediately  below  the 
Ked  Beds.  In  descending  the  ridge  leading  southwest  from  Station  08, 
tin-  last  dips  seen  are  towards  the  southwest,  but  the  timber  soon  be- 
comes dense  and  obscures  the  oatcrops.  Afler  passing  through  the  timber 
and  coming  out  in  the  Blaokfoot  Valley,  red  sandstones,  in  all  respei  tt 
like  those  in  John  Day's  Valley  and  (be  Salt  River  Range,  are  noted  with 
a  northeastern  dip.  It  is  evident,  therefore,  that  the  tinilw-r  cover*  a 
synclinal  axix,  and  the  red  sandstones  probably  ootcrop  with  a  south- 
wtwt  ibp  somewhere  between  Station  (Hi  and  the  northeasterly  dipping 
outcrop  on  the  Blackfixrt- 

Again,  m  the  Salt  River  Range  below  the  red  sandstones  is  a  series 
of  grayish  calcareous  and  arenaceous  beds,  resembling  those  of  suction 
So.  1«  at  Station  0t>.  These  beds  also  contain  Acictthpectcn  pealri  and . 
Gerrillia,  which  occur  in  section  No.  1!). 

The  Iwds  therefore  apjtear  to  l>e  Utbologically  and  palieontologically 
identical,  and  also  occupy  the  same  position  strati  graphically,  and  1  have 
im  hesitation  in  connecting  the  sections  as  I  have  done  in  the  general 
section. 
-.  Tin-  liiticsloufs,  willed  the  "  Pentacrinus  Beds,"  were  so  named  because 
I'liitrrrrhniH  tiMterineuH  appeared  to  be  a  characteristic  fossil  of  the  beds 
wherever  they  were  seen. 

The  only  fossils  from  the  " Belemnitea  Beds"  were  obtained  in  John 
Day's  Valley,  and  this  name  was  given  provisionally,  although  it  is  prob- 
able that  lietemnitex  detuus  will  be  found  to  range  down  through  the 
section  in  other  localities,  when  a  more  careful  investigation  shall  be 
made. 

The  name  "  Bed  Beds  "  has  been  retained  for  the  red  sandstones  be- 
cause they  are  supposed  to  be  equivalent  to  the  "  Red  Beds  "  of  the  East- 
ern Rocky  Mountain  region  in  Colorado  and  adjacent  regions. 

Organic  contents. 

The  fossils  from  No.  1  of  the  section  have  been  described  by  Professor 
White  in  Bulletin  of  the  Survey, Vol.  V,  No.  1,  pp.  106-117.    The  list  is 


'  Meekoceras  graeiHtatis. 
Meekoceras  mushbachanus. 
Meekocerax  apktnatum. 
'    Arcestes  t  cirratm. 
V  Arcestes  f  two  species. 
"Terebratuia  sentimmplex. 
Terebratula  augusta. 
;'  Avwutopecten  idahoensis. 
J  Aviculopecten  pealei. 
.  Aviculopecten  alius. 
Eumicrotis  carta. 
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Dr.  White  says : 

Among  the  exposures  of  Jura-Trias  strata  in  the  district  here  indicated  (and  they 
are  numerous  and  comparatively  small  in  consequence  of  the  great  disturbance  which 
they,  together  with  their  associated  strata,  have  Buffered),  there  are  three  localities 
which  are  especially  interesting,  because  the  strata  there  exposed  contain  not  only  a 
number  of  new  forms,  but  because  some  of  the  types  in  which  those  forms  are  expressed 
are  such  as  in  Europe  are  regarded  as  characteristic  of  the  Trias. 

Professor  Hyatt  proposes  one  new  genus,  which  has  not  only  important  and  signifi- 
cant relations  with  other  genera,  but  the  fact  is  an  interesting  one  that  with  its  first 
and  only  discovery  three  strictly  conforming,  but  well -differentiated  species,  were  found 
associated  together,  indicating  thereby  the  permanent  establishment  of  that  generic 
form. 

According  to  European  standards,  the  Cephalopods  here  described  are  unqnestiona 
bly  of  Triassic  types,  and,  as  pointed  out  by  Professor  Hyatt,  •  •  •  they  have  more 
resemblance  to  certain  Cephalopods  of  the  Muschelkalk  of  Europe  than  to  any  other. 
This  is  an  interesting  and  somewhat  unexpected  circumstance,  since  the  only  other 
Cephalopod  forms  from  strata  of  the  Western  Territories  which  have  been  assigned  to 
the  Trias  as  distinct  from  the  Jura  have  been  regarded  as  especially  representing  the 
horizon  of  the  Saint  Cassian  Aussee  and  Halldstadt  deposits  of  Europe. 

The  fossils  here  referred  to  by  Dr.  White  are  described  by  Professor 
Meek  in  Vol.  IV  Report  U.  S.  Geol.  Exploration  of  Fortieth  Parallel. 
They  are  from  the  Star  Peak  Group  of  Western  Nevada.* 

King,  in  speaking  of  this  group,  which  he  calls  the  Alpine  Star  Peak 
Trias,  says : 

It  will  be  remembered  that  the  Trias  east  of  the  Wahsatch  is  also  stratigraphicallv 
divided  into  two  prominent  part*  of  nearly  equal  volume ;  the  lower  red-beds,  whicli 
contain  little  or  no  limestone,  and  but  few  isolated  beds  of  gypsum,  and  the  Upper 
Red  Bed,  which  are  characterized  by  occasional  limestone  seams  of  no  great  volume, 
and  frequent  occurrences  of  gypsum.  These  two  Triassic  seas,  separated  by  a  wide 
area  of  continental  land,  differ  from  each  other  in  a  manner  which  renders  correlation 
next  to  impossible.  If  there  is  any  correlation  between  the  beds  of  the  two  series,  it 
would  seem  probable  that  the  Koipato  is  the  equivalent  of  the  Lower  Red  Beds  of  the 
eastern  sea,  and  that  the  overlying  Star  Peak  Group  may  be  the  equivalent  of  the 
Upper  Red  Beds,  the  two  being  characterized  by  intercalations  of  limestonc.t 

Our  district  is  intermediate  between  the  district  here  referred  to  by 
King  and  the  eastern  seas  mentioned  by  him,  and  it  is  difficult  to  corre- 
late the  sections  lithologically.  We  have,  however,  calcareous  layers 
in  the  Ked  Beds  (No.  2  of  the  section),  and  if  the  fossils  from  the  Star 
Peak  Group  are  Upper  Trias,  and  those  from  No.  1  of  our  section  are 
the  equivalent  of  the  fossils  of  the  Muschelkalk  of  Europe,  we  may,  per- 
haps, indicate  the  correlation  as  follows : 

King's  Section.  Section  in  Southeast  Idaho,  &c 

Star  Peak  Group  =        Red  Beds.  v      "W^^l^-c- 

Koipato  Group     =         Mpekocyras  Beds.         J  f. 

Whether  the  Meekoceras  Beds  should  be  considered  as  of  Lower  or 
Middle  Trias  cannot,  of  course,  be  stated  as  yet.  The  Nevada  section 
has  a  much  {greater  thickness  than  our  section,  which  is, however,  greater 
than  that  of  the  Colorado  se«?tion. 

It  is  ppssible  that  a  portion  of  the  beds  referred  to  the  Upper  Division 
of  the  Carboniferous  in  some  portions  of  the  West  may  yet  be  found  to 
be  in  part  at  least  equivalent  of  the  JV^eekoceras  Beds.  In  settling  some 
of  these  doubtful  questions,  there  is  scarcely  any  portion  of  the  West  that 
will  afford  a  better  ground  for  study  than  the  district  rapidly  gone  over 
by  us  in  1877. 

The  following  is  a  complete  list  of  the  Jura  Trias  fossils  collected  by 
us  and  identified  bv  Professor  White : 


•  U.  S.  Geol.  Exploration  of  the  40th  Parallel,  Vol.  II,  chapter  V;  Vol.  I,  p.  269. 
tifoU,  Vol.  I,  p.  270. 

40  G  S 
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List  of  Jura  Trias  Jossils. 


Pentacrinns  asteriscus. 
Camptonectes  bellistriatus. 
Ostrea  strigilecula. 
Ostrea  sp.  t 
Trigonia  sp.t 
Afytilvs  sp.  t 
Myalina  sp.t 
VoUtella  sp.  t 

Eumicrotis  curtal 
Myalina  whiteil 
Aviculopecten  idahoensis. 
Myacites  sp.t 
Yohella  sp.  t 


Est 


Aviculopecten  i 
Aviculopecten  sp.  t 
Lingula  brevirostris. 
Ostrea  sp.  t 
Myacitessj) .t 
Eumicrotis  carta. 


Meridian  Eidge  south  of  canon  of 
Fontenelle  Creek. 


West  side  of  Bock  Creek,  branch 
of  Twin-  Creek,  east  of  Bear 
Biver. 


North  side  of  Smith's  Fork  Valley 
above  the  mouth,  east  of  Bear 
Biver  Valley. 


Pentacrinns  asteriscus. 
Camptonectes  bellistriatus. 

Camptonectes  stygiusl 

Pen  tacrin  us  asteriscus. 
0* trea  s tr ig i lee ula. 
Taneredia  sp.  ? 
Undetermined  eonchifers. 
Undetermined  gasteropoda. 

Pen  taerin  us  aster iscus  t 
JSeritina  sp.  1 

Pentacrinns  asteriscus. 
( \nnptonectes  bellistriatus. 
Trigonia  sp.  f 
My  ascites  sp. '? 

Bel  em  n  ites  densus. 

A  cieuhpecten  Idahoensis. 

Gritpha'a-  sp.  ? 

I  ndetermined  bivalves. 

Ostrea  strigiltcula. 
Undetermined  forms. 

/   Meeh'oceras*  aplanatnm. 

VM(eLoeeras  gracilitatis. 
A  rirulnpectcn  alius. 


\  Sublette  Bange  east  of  Station  38. 


)East  of  Smith's    Fork   of    Bear 
J      Biver. 


Near  the  mouth  of  the  lake  branch 
of  Smith's  Fork  of  Bear  Biver. 


>  North  side  of  Lake  Creek. 


Near  mouth  of  McDougal's  Creek, 
lower  part  of  section  No.  11. 


Near  mouth  of  McDougaJ's  Creek, 
upper  part  of  section  No.  11. 


)  Stations  89  and  90,  Aspen  Bidge, 
]     east  of  Soda  Springs. 

)  On  Middle  Creek,  one  of  the  south- 
-      ern  branches    of  the  Blackfoot 


s 


Biver. 


*  XT 


>}e\sT  ge\\\u&  e&V&VAtalwd  by  Prof.  A.  Hyatt. 


FBALX.] 


RESUME — MESOZOIC   ROCKS — JURA-TRIAS. 


627 


/  Meekoceras  gracilitatis. 

Meekoceras  mushbachanus. 

Arcestes  cirratus. 
\  Arcestes  sp.t 

Arcestes  sp.t 

Aviculopecten  pealei. 

Undetermined  conchifers. 

Eumicrotu  curta. 

Undetermined  conchifers. 

Aviculopecten  idahoensis. 
Eumiorotis  curta. 

{Terebratula  augwta. 
Terebratula  semisimplex. 
A v icu lopecten  idahoensis. 
Undetermined  conchifers. 
Oervillia  sp. ! 

Aviculopecten  idahoensis. 
Aviculopecten  rectus. 
Terebratula  augusta. 

Avieulopectm  pealei. 
Oervillia  sp.? 

Aviculopecten  idaJwensis  f 
Eumierotis  curta. 

Ostrea  strigilceulu  f 


Ridge  north  of  Station  66,  south  of 
John  Gray's  Lake.   ,t    M         r.     *- 


>  Station  66,  south  of  John  Gray's 
J     Lake. 


Kidge  south  of  Station  66. 


Station  70,  west  of  Blackfoot  River. 


>  Ridge  north  of   Station  56,  Salt 
J     River  Range. 

)  'Near  Station  100,  north  end  of  Bear 
)     Lake  Plateau. 

|  West  of  Station  108. 


Pentacrinus  aatcriseus  was  found  nowhere  associated  with  Meekoceras  or 
Eumierotis,  and  the  latter  was  never  by  us  found  in  the  strata  above 
the  Red  Beds.  The  following,  as  will  be  seen  from  the  list  just  given, 
were  the  associated  fossils  with  Pentacrinm  asteriscus: 

Camptonectes  bellistriatus. 

Ostrea  strigilccula. 

Trigonia  sp.  t 

Tancred\a  sp. ! 

Vohella  sp.t 

Myalina  sp.  t 

Myacites  sp.  ?  • 

Neritina  sp.t 

Undetermined  conchifers. 

Undetermined  gasieropods. 

These  are  all  Jurassic  forms ;  and  1  believe  the  only  instance  in  which 
P.  asterkcus  bas  been  found  associated  with  Triassic  forms  is  the  one 
mentioned  in  the  reports  of  the  Fortieth  Parallel  Survey,*  in  which  it  is 
stated  that  it  was  found  associated  with  what  are  regarded  as  unmistak- 
able Alpine  Trias  fossils  and  also  a  spirifcru,  a  paheozoic  type.  Mr.  Em- 
mons says  :t  "  It  should  be  stated  also  that  these  disks  of  Pentacrinus 
found  in  the  Dun  Glen  limestone  vary  somewhat  from  the  type  speci- 
mens, and  are  all  of  larger  size,  reaching  one-fourth  of  an  inch  in  diam- 
eter, while  those  of  Jurassic  age  scarcely  reach  one-Hfth  of  an  inch.    Pro- 

*  Descriptive  Geology,  Vol.  II,  p.  711 ;   Systematic  Geology,  \o\.\,  \f\uW^<Kfc% 
t Descriptive  Geolo»y,  Vol  II,  p.  711. 
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feeeor  Whitfield  suggests  that  the  Don  Glen  variety  may  poesibjy  he  ft 
new  species.9 

Eumicrotih  curia  was  not  foond  associated  with  Ptodmermms  at  any 
point  in  oar  district,  bat  at  several  localities  where  the  section  was  ob- 
scure it  was  foond  with — 

Aviculopeeten  IdahoauU  f 
Lingula  brcvirottri*. 
MyaKma  sp.  f 
Myacitcs  sp.  f 

The  beds,  however,  were  above  the  Bed  Beds,  bat  I  was  unable  to 
determine  tneir  relations  to  the  Pentacrinns  beds. 

In  other  areas  JEumicrotU  curia  has  been  foond  associated  with  Jur- 
assic fossils.  In  the  areas  surveyed  by  the  Fortieth  Parallel  Survey  it 
occurs  with — 

I    -  Bdemuitn* 

shi^>^^^  Grgpha*. 

In  oar  district  we  have  seen  that  it  occurs  associated  with  the  Triassic! 
fossils  in  the  "Meekoceras  beds"  which  proves,  as  Dr.  White  has  said,* 
C\    a  great  vertical  range  for  the  species.    He  also  remarks  that  Terehrmhum 
V\.  augu$ta  (Hall  and  Whitfield)  has  been  considered  by  the  authors  asa 
\    Jurassic  species. 

The  Cephalopoda  of  the  "  MgAirnflgmA  beds,9  described  by.  Dr.  White, 
are.  he  says,  unquestionably  Triassic,  according  to  European  standards, 
and  resemble  Cephalopoda  of  the  Muschelkalk  of  Europe. 

The  only  other  Triassic  Cephalopoda  from  the  West  am  those  obtained 
by  the  Fortieth  Parallel  Survey,  from  the  Star  Peak  Group  in  Kevada, 
and  they  have  been  considered  the  faunal  equivalents  of  the  St  Cassian 
and  Hallstadt  beds  of  the  Austrian  Alps. 

The  Star  Peak  Group,  as  we  have  seen,  is  referred  by  King  to  the 
Upper  Trias,  while  the  fossils  from  our  district  appear  to  indicate  Mid- 
dle Trias  as  the  age  of  the  beds  from  which  they  were  obtained.  The 
fossiliferous  rocks  have,  however,  not  been  closely  enough  studied  as 
yet  to  predicate  their  exact  horizon,  and  we  cannot  therefore,  be  too 
cautious  in  speaking  of  their  age. 

There  are  numerous  circumstances  that  appear  to  indicate  that  hi  the 
Jura-Trias,  as  in  other  formations,  there  is  what  may  be  called  a  plane 
of  paleontologieal  indefiniteness  at  either  end  of  the  formation.  This 
has  often  been  stated  by  Dr.  White,  andras  he  has  remarked,  when  the 
deposition  of  sediments  is  continuous  from  oue  formation  to  another,  it 
is  not  strange  that  forms  of  life  should  continue  uninterruptedly  from  one 
to  the  other.  It  is  not  strange,  therefore,  that  we  should  find,  as  in 
New  Mexico,  t  Triassic  plants  at  the  top  of  the  Jurassic,  and,  as  in  oar 
district  and  at  many  other  localities,  Jurassic  invertebrates  at  the  base 
of  the  Trias,  and  as  in  Nevada,  Palaeozoic  types  continuing  into  the 
lower  Mesozoic.  The  advisability,  therefore,  of  retaining  the  name  of 
Jura-Trias  for  the  present  is  obvious.  With  the  accumulation  of  data 
many  of  the  points  that  are  now  obscure  will  assume  the  certainty  of 
facts. 

To  recapitulate  briefly,  the  investigations  of  the  season  of  1877  indi- 
cate— 
1.  The  lithological  separation  of  the  Jura-Trias  of  Southeastern  Idaho 

*  Bulletin  IT.  8.  Geograpli.  ami  Geol.  Survey,  Vol.  V,  No.  1,  p. — . 
t  See  Report  U.  S.  Geol.  Survey  for  1^75-1870,  pp.  84-d7. 
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aud  Western  Wyoming  into  three  divisions^  the  upper  and  lower  ones 
mainly  calcareous  and  the  middle  mainly  siliceous. 

2.  The  discovery  in  the  lower  group  of  a  new  Triassic  genus  of  Ceph- 
alopods,  named  by  Prof.  A.  Hyatt,  of  which  three  species  have  been 
described  by  Dr.  C.  A.  White. 

3.  The  association  with  these  Cephalopods,  of  forms  that  have  here- 
tofore been  considered  as  Jurassic. 

4.  The  absence  Of  fossils  in  the  "  Red  Beds,"  or  middle  group. 

5.  In  the  limestones  above  the  "  Red  Beds  "  the  presence  of  undoubted   . 
Jurassic  forms,  two  of  which,  perhaps,  range  through  the  series  down 
into  the  "Meekoceras  Beds,"  or  lower  group. 

The  latter  part  of  these  remarks  have  been  published  already  in  the 
Bulletin  of  the  Survey,  Vol.  V,  No.  1,  in  almost  the  same  shape  as  here. 

CRETACEOUS. 

The  only  group  of  the  Cretaceous  from  which  fossils  were  obtained  was 
the  Fox  Hills  Group,  which  at  two  localities  in  the  Fontenelle  Hog- 
backs yielded  the  following : 

Ostrea  soleniscm. 

Osirea  spJ 

Trapezium  sp.  t 

Inoceramus  sp.  f 

The  sandstones  forming  this  group  are  treated  of  in  Chapter  HI. 

It  is  probable  that  the  entire  Cretaceous  series  is  present  beneath  the 
Fox  Hills  Group,  but  as  we  did  not  find  any  paleontological  proof,  I  shall 
content  myself  l)y  referring  the  reader  to  the  detailed  descriptions 
already  given. 

In  the  valley  of  John  Day's  R'ver,  at  the  top  of  the  Jurassic  section, 
is  a  quartzite,  which  has  oee.  doubtfully  considered  as  the  Dakota  sand- 
stone. Above  it  is  a  series  ^f  a  enaceous  beds,  some  3,000  feet  in  thick- 
ness. We  had  no  good  exposure  of  these  beds,  but  they  have  been 
thought  to  represent  the  C"  'jtaceous  formation,  although  no  organic  re- 
mains were  obtained  from  them. 

A  similar  set  of  beds  was  seen  above  the  Jurassic  section  on  the  lake 
branch  of  Smith's  Fork  of  Bear  River.  Here  the  softness  of  the  strata 
was  the  cause  of  their  almost  total  concealment. 

Above  them  is  a  conglomerate,  which  is  succeeded  by  greenish  lam- 
inated sandstones,  which  contain  lignitic  layers.  These  upper  beds  have 
been  considered  as  of  Laramie  age. 

In  the  valley  of  Smith's  Fork,  south  of  this  locality  near  the  bend, 
there  appears  to  be  no  room  for  the  Cretaceous  between  the  Jurassic  and 
the  Laramie,  and  while  in  the  field  I  was  inclined  to  think  there  might 
be  a  gap  between  them,  caused  by  subsidence  of  the  surface  during  the 
deposition  of  the  Cretaceous.  I  shall,  however,  have  to  leave  the  con- 
sideration of  the  Cretaceous  until  it  is  more  certainly  identified  and  cor- 
related with  the  well-known  Cretaceous  sections. 

The  formations  thus  referred  to  the  Cretaceous  are  confined  to  the 
eastern  half  of  the  district.  From  the  Bear  River  Range  and  the  Preuss 
Range  westward  they  are  absent.  Whether  they  were  ever  present,  I 
cannot  say. 

POST-CRETACEOUS. 

It  is  unnecessary  to  enter  at  this  place  into  a  discussion  aa  to  \&a> 
origin  of  the  term  Post-Cretaceous,  as  used  by  Dr.^iiYte  «ak>2fcfc>  qKJs&rx. 
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members  of  the  survey.  The  group  of  strata  referred  to  the  formation 
is  the  Laramie  Group,  in  regard  to  the  age  of  which  so  much  has  been 
written.  The  transitional  character  of  the  beds  was  long  ago  noted  by 
Dr.  Hayden  and  other  writers.  As  long  as  the  evidence  presented  by 
the  various  organic  contents  is  conflicting,  it  seems  best  to  retain  the 
term  Post-Cretaceous. 

The  amis  from  which  fossils  characteristic  of  the  group  were  obtained 
in  our  district  may  now  be  briefly  enumerated. 

Green  River  Bantu. — xVlong  the  eastern  foot  of  the  Wyoming  Range, 
between  it  and  meridian  fold,  that  marks  the  rim  of  the  Green  River 
Basin,  there  is  a  series  of  greenish-gray  sandstones  with  shaly  bands, 
which  rest  on  the  beds  that  1  have  referred  to  the  Cretaceous.  The  ends 
of  these  sandstones,  dipping  westward,  abut  against  the  westward- 
dipping  limestones  of  the  range.  The  line  of  junction  marks  the  line  of 
an  immense  fault.  This  fault  is  some  2,000  or  3,000  feet,  the  downthrow 
being  on  the  east.  A  similar  fault  is  seen  along  the  east  side  of  the  Salt 
River  Range,  but  whether  or  not  there  are  any  Laramie  beds  involved 
here  I  cannot  say  at  present. 

The  line  of  junction  Iwtween  the  Laramie  beds  and  the  Carbon iterous 
limestones  is  generally  obscured  by  debris.  I  was  not  able  to  get  a  good 
section,  but  there  must  be  in  the  neighborhood  of  4,000  feet  of  sand- 
stones referable  to  the  group  along  the  foot  of  the  range.  It  is  probable, 
also,  that  the  entire  thickness  of  the  group  is  not  exposed.  Following 
the  folding  and  faulting  which  affected  these  beds,  there  was  a  period 
of  erosion  preceding  the  deposition  of  the  Wahsatch  Group.  The  latter 
is  unconformable  to  the  Laramie  Group  along  the  entire  range,  while 
the  Laramie  appears  to  be  conformable  to  the  underlying  formations. 
At  the  bend  of  Hani's  Fork  there  is  an  outcrop  of  sandstones,  from  which 
Laramie  fossils  were  obtained,  but  there  is  a  fault  at  this  loealitv  which 
has  confused  the  relations  of  the  strata,  ami  it  is  not  certain  that  the 
fossils  obtained  were  in  place. 

The  line  of  the  fault  along  the  eastern  side  of  the  Wyoming  Range  is 
not  a  straight  line  ;  but  the  Laramie  sandstones  till  bay-like  recesses  in 
the  Carboniferous  limestones  of  the  range.  This  is  especially  the  case 
in  the  northern  portions,  and  led  me  at  lirst  to  think  that  the  range  had 
formed  a  portion  of  the  shore  of  the  Laramie  Sea;  but  afterwards  the 
contact  of  the  sandstones  with  the  limestones  was  well  seen,  and  the 
former  were  seen  to  have  a  dip  to  the  westward  against  the  limestones, 
which  also  dip  to  the  westward.  It  was  clearly  seen  to  be  a  fault.  The 
latter  seems  to  have  taken  place  a  little  after  the  sandstones  were  folded, 
or  perhaps  they  were  crowded  against  the  mass  of  Carboniferous  lime- 
stones at  the  time  the  fault  occurred.  The  conditions  here  are  shown 
in  the  sections  of  Meridian  fold  in  Chapter  III. 

There  was  no  evidence  in  the  Laramie  beds  of  the  immediate  proxim- 
ity of  the  shore  during  their  deposition,  as  there  was  in  the  beds  of  the 
Wahsatch  Group. 

Smithes  Fork  and  Bear  Itirer  rcyion. — Along  the  east  side  of  I>ear 
River,  between  the  valley  and  the  mountains,  is  a  comparatively  low- 
area  of  sandstones,  which  sometimes  assume  the  character  of  low  hog- 
back ridges.  These  sandstones  are  gray  and  greenish  gray.  They  are 
folded  corresponding  to  the  folds  of  the  older  rocks.  On  Twin  ('reek 
they  are  seen  below  Wahsatch  conglomerates,  which  rest  on  their  up- 
turned edges.  Here  there  are  layers  of  coal,  from  which  unmistakable 
Laramie  fossils  were  obtained.  On  Smith's  Fork,  also,  a  bed  of  coal  out- 
crops, and  from  it  a  few  forms  were  obtained. 

.North  of  this  region,  near  Station  41,  another  fossil  locality  was  noted, 


fBAUL]  RESUME — POST-CRETACEOUS — T,ARAMTE   GROUP.  631 

and  above  the  greenish  and  gray  beds  a  series  of  red  sandstones,  many 
of  them  conglomeritic,  were  noted.  These  beds  are  seen  much  farther 
to  the  north,  extending  into  Mr.  St.  John's  district.  ,No  detailed  sec- 
tion was  made,  but  there  must  be  from  6,000  to  7,000  feet  of  beds.  It 
must  be  borne  in  mind  that  the  line  between  the  Laramie  Group  and  the 
Cretaceous  has  not  yet  been  drawn  in  this  regio.n.  I  shall,  therefore, 
not  attempt  to  give  any  general  section  of  the  formation  at  present. 
The  fossils  next  found  below  the  Laramie  were  Jurassic ;  but  there  was 
plenty  of  room  between  the  fossiliferous  horizons  ibr  the  entire  Creta- 
ceous series,  which  is  probably  present,  although  not  positively  recog- 
nized. 

The  series,  from  the  Carboniferous  up  through  the  Jurassic  and  over- 
lying beds,  is  perfectly  conformable  until  we  reach  the  Wahsatch  Group, 
which,  wherever  seen,  was  distinctly  and  strikingly  uncomformable. 

It  must  be  remembered  that  the  region  investigated  by  us  was  prob- 
ably near  the  western  shore  line  of  the  Wahsatch  Lake,  and  a  consid- 
erable portion  of  the  area  that  was  below  the  level  of  the  Laramie  sea 
became  land  after  the  deposition  of  the  Laramie  beds,  or  perhaps  before 
the  end  of  the  period.  The  bottom  of  the  Laramie  sea  appears  to  have 
been  subjected  to  a  constant  and  gradual  subsidence,  as  the  strata  indi- 
cate their  deposition  in  shallow  waters,  and  the  thickness  attained  by 
them  must  be  at  least  5,000  feet.  The  upper  conglomerates  in  the 
Smith's  Fork  region  and  between  Crow  Creek  and  Beaver  Creek  resem- 
ble the  lower  beds  of  the  Wahsatch  Group,  although  they  are  firmer; 
probably  from  the  fact  that  during  the  orographical  disturbances  that 
occurred  after  their  deposition  they  were  subjected  to  considerable  fold- 
ing and  consequent  lateral  pressure. 

The  lower  sandstones  are  similar  to  those  of  the  Fox  Hills  Group,  and 
as  far  as  known  the  two  formations  are  conformable.  There  were  some 
indications  at  the  lower  end  of  Ham's  Fork  Canon  that  the  Laramie 
Group  rested  on  the  upturned  edges  of  the  Triassic  Eed  Beds,  but  the 
fossils  were  not  found  in  place,  and  other  portions  of  the  region  seemed 
to  indicate  that  the  Laramie  Group  was  conformable  to  the  underlying 
formations. 

Organic  contents. 

The  fossils  collected  were  from  two  localities  in  the  Green  Biver  Basin 
and  three  in  the  Smith's  Fork  and  Bear  Biver  region.  They  have  all 
been  identified  by  Dr.  White  as  equivalent  to  those  of  the  Laramie 
Group  as  exposed  in  the  Bear  Biver  estuary  beds. 

The  following  is  the  list  of  these  fossils  collected  during  the  season, 
identified  by  Dr.  C.  A.  White : 

List  of  fossils  from  the  Laramie  Orotip. 

Corbula  sp.  ?  >  West  side  of  Meridian  fold  in  Merid- 

Undetennined  forms.  J     ional  Valley,  on  Piney  Creek. 

* 

SSr  ?acr08pira'  1 1***  end  of  the  canon  of  Ham's 

Ito!%3»W.f*  >     Fork,  east  side  of  Oyster  Ridge. 

*  Iu  addition  to  those  a  fragment  of  a  leaf  of  an  Aralia  was  found. 
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of  «-io-ioii  jin-iM-ilirj^  t]j«:  «ii'|»o>iTioiiMf  tlio  V."ah>,ir«:!i  (jump.  Tin*  latter 
N  iiiifoiiforjiiahJi.*  tu  tin-  J-aiainie  (jruuti  aluli^  tin-  i-litiiv  ruiiui'.  whili* 
t|j^  iwiraifiji'  Hj»|M-;ii\s  to  i>#»  i'Oiifora!i!iif»li.'  to  t!:c  ui:il*"-r]j'iu^f  fi*ruiut!.»T!*. 
At  T i j r-  lii-ijiluf  li;jFii'>  I'oik  tlji'H:  is  iiii  ontrropof  >anr1sTuiH*s.  tii»ni  wLirli 
L::iaiuif  fo-*iN  v. i-j ••  <iiiT;ii;ico!.  hiii  iln-ii«  is  a  fault  at  tiii>  lot-alii\  v.iiii-Ii 
li.--  i-»ij;f.i -i-l  tin-  ri-l;i1;n.:>  ni'  t!j.«  >Tr,iTa.  alio  il  i>  !iOl  i;i-n;.iii  tii.iT  Ti.r 
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iii  tii«-  1 101 1  in-ill  j  ii  u  ;!<>!!  -.  ;rii'i  1--<I  1:1  «.■  al  lii  -t  to  tliiulv  that  tin*  v.:w--i  \\,A 

l'»:;.i'  'I  ;i  pi/i'li'iii  f,l'  iii«-  .  !;ij]i-  '.;"  IJ.4-  L;i];lii,}».'  S<;|  :  hlit  alh'i'Vi  ;•  1.  ..n.  :'..• 
rni'l.i"!  of  ti.f  >;.ijii  ■  :•,!,".-  v.  jiii  liji*  liiMoInlM'N  \V;is  wi-11  ■■(■*!!.  iiinl  Ti:r 
for.:!!'!1  v  1  \-f  -r-i-n  10  1...M  ;t  i!;j)  io  t!l»'  W«->t  W;n«l  a.Viaill'*!  lilt-  ];■;,. '>iui;r^. 
\.  iii  *ii  .1K0  ihp  to  ;  .,<'  v*  «l  '....:«(.  li  wa>  4-i  arly  >im-!i  ii»  lu*  ;:  ii;;i  !i.  ii.i; 
l.'i :  j  .-  f-i-iif  ;«>  h;ivi-  1  ;■!;<■:;  ),!:"■«'  a  1 1 1 1  h*  aMi-:*  tin-  >aiio>ioin-^  \v«  r«-  ii»].h-il. 
01  j,.  I'iiiip-  !::•  ;,  v.i  i<-  «■.;;. . < !« <1  a^.iin.-l  ili:*  iiia>s  of  < .'.4:-i »•  »wi v«-it •;:>  )m  «■■ 
.•ion-  >  al  \'.-*'  iii.ii-  ili«-  !;::il:  orriirn-il.  'J'in- romliiions  linv  aii- ^iiov.i. 
in  ;,!<•  .-i-<iioji .  of  .\jf!  i'li.m  f  .id  in  (.'Iiaotrr  III. 

'\  ,'\f  \.i\-.  no  t-\  id-.  •:;(•.■  i;i  1  lss»  La;-;ijjiii*  hcds  of  tin*  iimai'di.jt*'  pi-o.\i:u- 
if>  of  the  >lnu-e  during  1 1i«*ir  d<-po-ition.  as  tin-re  was  in  tin*  hrd*  of  1  in- 
\\'a!i.--atrii  <  iioiip. 

X/// ////'.>■  /-'i//7t"  /Of/  /*Vvo"  ti'i'i  r  rctfittti. — A  Ion  i:'  tin*  cast  y-h\i-  ^.['  iVar 
I.'i\i-r.  heiwet-n  Hie  valli-yaiid  tin*  mountains,  js  a  romparaiiwiy  low 
ana  of  >aiid>loiifS.  v.'liicli  .-oM'"?  i"a«-s  a>s:i!m-  tin*  (•Jiai:ic;«-r  of  low  lmi:- 
l».i«k  rid.'^i-s.  'I'lii-M-  >i!id-sto«ie-,  arc  ^ra\  and  greenish  .urav.  Tiny  aic 
lul  li-d  corn- •  ponding  to  tin-  folds  of  tin*,  older  rocks.  On  Twin  Cnrk 
t!i<;r  arc  M-cn  hclfivv  \\'a!isat<'!i  c<jnulo!ncr;:tc>.  which  rest  on  tin-ir  np 
tari:«-d  ci|^i  s.  litre  l!a-i"  are  la.M'iv.  <a"  i-i»al,  from  which  i:nmi<l  dv.  '■!*• 
Laiami:*  Io*;dU  were  ohiaiiii'd.  On  Smit  h's  fork,  also,  a  hed  of  coal  out- 
ero;i.,  and  from  it  a  few  forms  were  ohtaincd. 

Noj  tli  of  thi:>  reuion,  near  Station  11,  another  lo.ssil  locality  wasno:cl. 
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and  above  the  greenish  and  gray  beds  a  series  of  red  sandstones,  many 
of  them  conglomeritic,  were  noted.  These  beds  are  seen  much  farther 
to  the  north,  extending  into  Mr.  St.  John's  district.  ,No  detailed  sec- 
tion was  made,  but  there  must  be  from  6,000  to  7,000  feet  of  beds.  It 
must  be  borne  in  mind  that  the  line  between  the  Laramie  Group  and  the 
Cretaceous  has  not  yet  been  drawn  in  this  region.  I  shall,  therefore, 
not  attempt  to  give  any  general  section  of  the  formation  at  present. 
The  fossils  next  found  below  the  Laramie  were  Jurassic ;  but  there  was 
plenty  of  room  between  the  fossiliferous  horizons  ibr  the  entire  Creta- 
ceous series,  which  is  probably  present,  although  not  positively  recog- 
nized. 

The  series,  from  the  Carboniferous  up  through  the  Jurassic  and  over- 
lying beds,  is  perfectly  conformable  until  we  reach  the  Wahsatch  Group, 
which,  wherever  seen,  was  distinctly  and  strikingly  uncomformable. 

It  must  be  remembered  that  the  region  investigated  by  us  was  prob- 
ably near  the  western  shore  line  of  the  Wahsatch  Lake,  and  a  consid- 
erable portion  of  the  area  that  was  below  the  level  of  the  Laramie  sea 
became  land  after  the  deposition  of  the  Laramie  beds,  or  perhaps  before 
the  end  of  the  period.  The  bottom  of  the  Laramie  sea  appears  to  have 
been  subjected  to  a  constant  and  gradual  subsidence,  as  the  strata  indi- 
cate their  deposition  in  shallow  waters,  and  the  thickness  attained  by 
them  must  be  at  least  5,000  feet.  The  upper  conglomerates  in  the 
Smith's  Fork  region  and  between  Crow  Creek  and  Beaver  Creek  resem- 
ble the  lower  beds  of  the  Wal\satch  Group,  although  they  are  firmer; 
probably  from  the  fact  that  during  the  orographical  disturbances  that 
occurred  after  their  deposition  they  were  subjected  to  considerable  fold- 
ing and  consequent  lateral  pressure. 

The  lower  sandstones  are  similar  to  those  of  the  Fox  Hills  Group,  and 
as  far  as  knowu  the  two  formations  are  conformable.  There  were  some 
indications  at  the  lower  end  of  Ham's  Fork  Caiion  that  the  Laramie 
Group  rested  on  the  upturned  edges  of  the  TriassicEed  Beds,  but  the 
fossils  were  not  found  in  place,  and  other  portions  of  the  region  seemed 
to  indicate  that  the  Laramie  Group  was  conformable  to  the  underlying 
formations. 

Organic  contents. 

The  fossils  collected  were  from  two  localities  in  the  Green  Eiver  Basin 
and  three  in  the  Smith's  Fork  and  Bear  River  region.  They  have  all 
been  identified  by  Dr.  White  as  equivalent  to  those  of  the  Laramie 
Group  as  exposed  in  the  Bear  River  estuary  beds. 

The  following  is  the  list  of  these  fossils  collected  during  the  season, 
identified  by  Dr.  C.  A.  White : 

List  of  fossils  from  the  Laramie  Group. 

Corbula  sp.  ?  >  West  side  of  Meridian  fold  in  Merid- 

Undetermined  forms.  J     ional  Valley,  on  Piney  Creek. 

rffitfZ «?  irCr08pim'  I  Lower  end  of  the  canon  of  Ham's 

i$S!S^qKf  \     Fork,  east  Hide  of  Oyster  Ridge. 

*  Iu  addition  to  those  a  fragment  of  a  leaf  of  an  Aralia  was  found. 
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Corbicula  ( Yeloritina)  durJcei. 

Membranipora  f 

Rhytopharus  meekii. 

Goniobasis  chrysolite. 

Goniobasis  chrysaloidea. 

Volsella  (Brachydotites)  sp,  t 

Pyrgulifera  humerosa. 

Ostreasp.1 

Neritina  sp.  t  3 


Twin  Creek,  about  four  miles  above 
its  month,  east  of  Bear  River  Val- 
ley. 


Corbicula  Yeloritina  durkei.  ") 

Corbula  pyriformis. 

Goniobasis  chrysaloidea.  I  St  ti     ^       ^  M  of^ 

Goniobasis  cleburnu  >     £7"      Jwi,^^S^il£«r:n£.wIr 

Pyrgulifera  humerosa.  I      River,  north  of  Sublette  Kange. 

Unto  vetustus. 
Gstrea  sp.? 

r^;,*  »,.*.,»*,„.  I  STorth  side  of  Smith's  Fork  of  Bear 

Umovetustm.  J     Kiver,  3  miles  above  the  month. 

MESOZOIO  AND  POST-CRETACEOUS  OROGRAPHY. 

We  have  seen  that  with  the  beginning  of  the  Trias  there  is  a  change 
in  the  characters  <  "  the  rocks.  Instead  of  the  massive  limestones  of  the 
Carboniferous,  we  have  a  series  of  interlaminated  sandstones  and  then 
limestones.  The  beds  are  largely  detrital,  and  their  structure  points  to 
their  derivation  from  a  land  area  not  far  distant.  Thev  indicate  also 
the  probability  of  a  progressive  subsidence,  interrupted  by  oscillations. 
The  continental  area  uplifted,  according  to  King,  at  the  end  of  the  Car- 
bonifert  us,  :s  prooably  the  source  of  the  detrital  material  entering  into 
the  composition  of  the  Triassic  formation,  as  its  eastern  shore-line  was 
west  of  the  present  Wahsatcli  Kange.  That  the  Post-Carboniferous  up- 
lift did  not  affect  the  area  embraced  in  our  district  is  proved  by  the  per- 
fect conformity  between  the  Carboniferous  and  the  Trias  everywhere 
observed  in  our  district.  The  only  effect  was  indirect  in  the  changing 
of  the  character  of  the  sediments. 

There  is  also  no  evidence  of  disturbance  at  the  close  of  the  Jiu*assic. 
The  latter  is  a  limestone  -making  period  at  the  beginning  everywhere  in 
our  district,  and  the  change  from  the  Trias  is  marked  as  though  the  pe- 
riod had  been  ushered  iu  by  a  considerable  subsidence.  Toward  the 
close  the  waters  appear  to  have  been  shallower,  the  sediment  becoming 
more  and  more  arenaceous  until  in  the  Cretaceous  we  have  shales  and 
sandstones  almost  exclusively. 

As  already  noted,  the  conformability  extends  to  the  top  of  the  Laramie 
group,  as  exposed  in  our  district.  After  the  deposition  oY  the  latter  the 
region  was  subjected  to  the  most  intense  orographical  disturbance. 
The  region  from  the  Green  Kiver  Basin  westward  was  upheaved.  The 
Wyoming  Kange,  the  Salt  Kiver  Kange  and  the  isolated  mountains  in 
the  western  part  of  the  district,  all  owe  their  origin  to  this  folding,  which 
was  accompanied  by  the  faulting  of  the  strata  that  is  seen  along  these  two 
ranges.  The  folding  of  Meridian  Kidge  was  also  synchronous.  The  AY  ah - 
satch  Lake  was  outlined,  its  eastern  shore  being  the  uplifted  YV'ind  Kiver 
Mountains  which  had  probably  existed  as  an  island  in  Palaeozoic  and  Me- 
sozoie  time,  audits  western  shore  the  AYyoming  Kange  and  Absaroka 
Jiidgc.     The  Meridian  llid^vi,  &\\Oi\V^Y\u\U\vimexteusion  probably  at  tirst 
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represented  the  western  edge  of«the  lake,  but  it  soon  spread  so  that  it 
reached  from  the  Wind  Eiver  Mountains  to  the  very  base  of  the  Wyoming 
Eange  and  around  its  southern  end,  westward  to  the  Bear  Eiver  Range. 

At  first  I  was  somewhat  inclined  to  c6nsider  the  faulting  along  the 
Wyoming  and- Salt  River  Ranges  as  of  later  date  than  the  Post-Creta- 
ceous fold  which  is  seen  in  the  ranges  and  the  eastern  outlying  ridge,  but 
r:»tiiig  on  the  eroded  edges  of  the  Laramie  sandstones  which  enter  into 
this  foi  ♦  I  found  Wahsatch  conglomerates  composed  of  limestone  peb- 
bles, that,  without  doubt,  came  from  the  main  range,  which  must,  there- 
fore, have  formed  a  portion  of  the  shore-line  of  the  lake  in  which  the 
conglomerates  were  deposited,  and  from  the  erosion  of  this  land  area 
they  were  formed.  I  therefore  consider  the  folding  and  faulting  to  have 
occurred  at  approximately  the  same  time. 

In  the  western  portions  of  the  district  the  Cretaceous  and  overlying 
rocks  are  absent,  probably  from  erosion,  so  that  we  cannot  now  tell  the 
westward  extent  of  the  formation.  The  Jurassic  is  seen  on  the  eastern 
side  of  the  folds  which  form  the  northern  extensions  of  the  Wahsatch 
Range. 

The  region  westward  from  what  is  now  the  Green  River  Basin  was 
lifted  above  the  level  of  the  sea  and  probably  added  to  the  land  area, 
denned  at  the  end  of  the  Carboniferous,  which  was  farther  west. 

I  have  spoken  of  the  isolated  ranges  in  the  Blackfoot  region  and  in 
the  Cache  Valley  region.  They  now  exist  as  monoclinal  ranges,  but  evi- 
dence is  not  difficult  to  obtain  that  they  are  simply  the  eroded  fragments 
of  antielinals.  I  am  inclined  to  regard  their  age  the  same  as  that  of  the 
Wyoming  and  Salt  River  Ranges,  although  they  appear  to  be  much  more 
eroded,  as  if  they  had  been  subjected  to  the  erosive  influences  for  a  much 
longer  period  of  time.  We  have  seen,  however,  that,  as  far  as  seen,  the 
Cretaceous  formation  is  perfectly  conformable  with  the  Jurassic ;  so  that 
there  if.  ho  evidence  of  an  upheaval  within  the  limits  of  our  district  at 
die  :»,nd  of  the  Jurassic.  The  sediments  indicate  a  progressive  bdbs; 
dence  from  the  Jurassic  through  the  Cretaceous. 

To  recapitulate  briefly,  the  facts  observed  in  the  district  seem  to  indi- 
cate— 

1.  A  shallowing  of  the  sea  at  the  beginning  of  the  Trias  due  to  uie 
rising  of  a  land  area  somewhere  to  the  westward. 

2.  A  general  subsidence  throughout  the  Trias,  with  oscillations  of 
level. 

3.  u.he  ushering  in  of  the  Jurassic  by  a  somewhat  paroxysmal  subsi- 
dence which  considerably  deepened  the  sea.  This  was  probably  due  to 
a  Jurassic  uplift  in  some  other  portion  of  the  continent. 

4.  Subsidence  during  the  latter  part  of  the  period  preceded  by  a  period 
of  comparative  rest.  The  sea-bottom  appears  to  havp  been  raised  by  a 
succession  of  deposits  of  fragmental  rocks,  which  then  subsided  gradu- 
ally and  successively  through  the  latter  part  of  the  Jurassic  and  through 
the  Cretaceous. 

5.  The  continuance  of  the  subsidence  tlirough  the  Post-Cretaceous  and 
the  shallowing  of  the  sea  towards  its  close  probably  by  a  general  eleva- 
tion towards  the  close  of  the  period  which  perhaps  foreshadowed  the 
disturbance  which  was  to  take  plaee  after  the  deposition  of  its  sediments 
was  completed. 

C.  Intense  disturbance  at  the  end  of  the  Post-Cretaceous  (as  exposed 
in  our  district)  which  resulted  in  the  upheaval  of  the  area  west  from  what 
is  now  the  Green  River  Basin  to  beyond  the  western  line  of  our  district. 
The  rocks  of  the  whole  region  were  folded  and  faulted  in  an  ^^tssust^- 
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nary.  Iu  tlie  eastern  and  southeastern  portion  of  the  area  the  Wahsatch 
lake  was  outlined. 

It  should  be  stated  here  that  the  western  shore  line  of  the  Post  Cre- 
taceous has  not  been  iccognized,  and  that  it  is  probable  that  if  the 
peripheral  ]>ortions  of  the  Laramie  Group  could  be  observed,  as  Dr. 
White  remarks,  some  unconformity  woidd  be  seen  between  it  and  the 
Fox  Hills  Group.  He  says:*  u There  must  necessarily  be  some  uncon- 
formity between  these  groups  in  the  peripheral  portions  of  the  Laramie, 
because,  as  will  be  shown  farther  on,  the  area  upon  which  its  waters 
rested  was  cut  off  from  the  great  open  sea  by  the  elevation  of  portions 
of  the  bottom  upon  which  the  Fox  Hills  deposits  were  made." 

The  fossils  from  the  Laramie  Group  in  our  district  are  equivalent  to 
those  of  the  Dear  Kiver  estuary  beds.  These,  Dr.  White  is  inclined  to 
think,  are  somewhat  older  than  the  fossils  from  the  group  at  other  locali- 
ties, and  he  therefore  thinks  the  Post-Cretaceous  upward  movement  may 
have  begun  before  the  complete  deposition  of  the  strata  composing  the 
group.t 

We  have  seen  that  after  the  uplift  a  period  of  enormous  subaerial 
erosion  occurred,  which  was  precedent  to  the  deposition  of  the  L'pper 
Wahsatch.  It  would  seem  to  have  been  too  great  to  have  all  been 
caused  during  the  earlier  Wahsatch,  although  doubtless  part  of  it  is  to 
be  so  referred.  In  places  the  whole  of  the  Cretaceous,  Jurassic,  and 
Triassic  has  been  removed,  exposing  the  Carboniferous,  and  even  some- 
times the  Silurian,  upon  the  eroded  edges  of  which  the  Wahsatch  con- 
glomerates rest.  It  seems  probable,  therefore,  that  a  portion  of  this 
erosion  took  place  during  the  later  portions  of  the  Laramie  period.  This, 
taken  in  connection  with  the  fossils,  appears  to  indicate  that  the  eleva- 
tion took  place  before  the  end  of  the  Laramie  period,  and  that,  there- 
fore, w<»  do  Hot  have  the  entire  series  in  our  district. 

CENOZOIC  HOCKS. 

The  Cenozoic  areas  of  our  district  are  of  particular  interest,  but  the 
time  allotted  to  the  preparation  of  this  report  has  been  too  short  to  enter 
into  the  discussion  of  the  various  points  that  naturally  arise  when  con- 
sidering them.  Jn  early  Cenozoic  time  the  entire  western  portion  of  our 
district  was  a  land  area,  while  the  eastern  was  occupied  by  a  portion  of 
the  great  lake  which  reached  eastward  and  southward  for  many  miles. 
Still  later,  the  conditions  appear  to  have  been  reversed,  and  while  the 
eastern  part  was  above;  the  sea-level,  in  the  west  was  a  series  of  lakes, 
which  continued  from  Tertiary  to  Quaternary  time,  and  of  whose  late 
existence  we  have  a  trace  in  the  present  Great  Salt  Lake. 

The  deposits  are  all  lacustrine,  generally  sandstones,  but  with  calca- 
reous layers  at  various  horizons.  The  latest  deposits  are  soft  and  friable, 
being  generally  marls  and  loosely  aggregated  sands.  Over  the  surface 
of  the  entire  district,  except  in  the  mountains,  there  is  a  thin  covering 
of  unstratilied  drift,  which  will  not  be  further  considered  in  this  report. 

TEKTIAKY. 

In  considering  the  early  Tertiary  rocks  of  the  district,  I  shall  use  only 
the  names  of  the  groups,  without  reference  to  the  terms  Eocene  or  Mio- 
cene.    The  Salt  Lake  Group  I  shall  consider  as  Pliocene. 

"  IJjiMi  'tin  of  tin*  lr.  8.  Grol.  and  Olograph.  Survey  of  the  Territories,  Vol.  IV,  No. 

4,  i>.  M»r». 

T  $t;e  pp.  246,  247  oi!  tliia  volume. 
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The  following  is  the  section  of  the  Tertiary  formations : 

Tertiary  section. 
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14.  Soft  yellow  sands  and  marls. 
13.  Gray  sandstones. 

White  and  light  brown  limestones. 

With  intcrluminatcd  shales. 

Pea-greeu  sands  and  shales. 


12. 

H. 

10. 

9. 


Coarse  conglomerates. 


« 


I3 
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8.  Somber  colored  soft  clays  and  sands,  sometimes  variegated  near  the  base, 
bat  generally  of  a  dull  gray  color. 


7.  White  calcareous  shales  and  sands,  with  intercalated  limestones. 

6.  Thin  fissile  white  shale.-* ;  yellow  sandstones. 

5.  Greenish  and  whitish  shales  and  sands  and  limestones;  yellow  sandstones. 


o 
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4.  Coarse  limestone  conglomerates  with  siliceous  cement. 
3.  Coarse  red,  purple,  and  yellow  sandstones. 
2.  Variegated  clays  and  sands. 
1.  White  sandstones. 


+ 


So 


3 


CO 


Total. 


2,500 

+  ft 


Iii  this  section  I  liave  included  only  the  undoubted  Tertiary.  At  no 
place  was  the  Salt  Lake  Group  seen  resting  on  the  Bridger  Group,  nor 
was  the  latter  well  shown  anywhere  in  the  district. 


WAHSATCH  GROUP. 


After  the  Post-Cretaceous  uplift  the  region  of  the  Green  Eiver  Basin 
was  occupied  by  a  lake  which  extended  westward  in  our  district  to  the 
Bear  River  Range;  It  appears  that  in  its  early  stages  this  lake  was 
much  smaller  than  the  area  now  covered  by  the  deposits  indicates,  for 
wherever  the  beds  referable  to  the  period  were  seen,  they  were  found 
resting  on  the  upturned  and  much  eroded  edges  of  the  older  strata,  which 
include  rocks  from  Silurian  age  to  the  Laramie  Group,  and  the  deposits 
represent  only  the  upper  part  of  the  group. 

The  largest  areas  of  the  Wahsateh  are  in  the  northern  portion  of  the 
Green  River  Basin,  where  a  large  part  of  the  surface  is  covered  by  its 
deposits.  The  overlying  Green  River  Group  in  this  region  is  mostly 
absent,  having  been  eroded  away.  Isolated  buttes,  however,  still  remain, 
proving  its  former  existence  and  extension  over  the  whole  region.  Along 
the  southwestern  slopes  of  the  Wind  River  Mountains  the  Wahsateh 
beds  rest  on  the  granitic  rocks,  and  were  evidently  derived  from  the  dis- 
integration of  the  granitic  rocks  that  farther  to  the  eastward  make  up 
the  main  range.  They  consist  of  yellow,  gray,  and  pink  sands  and  marls, 
which  dip  from  5°  to  10°  from  the  mountains.  West  of  Green  River  the 
character  of  the  beds  is  similar  to  those  on  the  east.  They  are  generally 
brick-red  in  color  and  weather  into  picturesque  bad-land  forms.  Along 
the  edge  of  the  basin  they  are  found  to  be  composed  xaata&s  vft  <t&\i\g&rc&.- 
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erates,  which  contain  pebbles  of  limestone,  and  which  were  evidently  de- 
rived from  tin'  adjacent  mountains.  When  these  beds  were  deposited  it  is 
evident  that  a  large  part  of  the  land  had  been  eroded,  for  the  Jlesozoie 
beds  must  have  been  largely  removed  from  the  mountains.*  The  red 
character  of  the  sediments,  however,  is  due  to  the  wearing  down  of  the 
rod  Mesozoic  rocks,  as  the  conglomerates  of  the  Wahsauh  are  cemented 
by  siliceous  material,  the  predominating  color  of  which  is  red.  The  red 
color,  however,  is  more  marked  farther  from  the  mountains,  here  the 
sediments  are  finer. 

South  of  Thompson's  Plateau  we  find  the  Wahsatch  beds  resting  on 
the  Jurassic  rocks  of  Meridian  ridge,  beyond  which  they  do  not  extend  to 
the  westward.  In  this  region  we  have  only  a  narrow  line  of  outcrop  of 
the  group  along  the  cast  side  of  the  ridge,  as  the  Green  Rivet  Groan 
forms  a  large  jiortion  of  the  surface  to  the  eastward.  As  the  ridge  de- 
clines in  elevation  to  the  southward,  the  variegated  Wahsatch  beds  reach 
farther  to  the  westward,  resting  on  the  Cretaceous  strata  which  were  not 
removed  from  the  fold. 

North  of  Thompson  Plateau  the  group  rests  on  Juarassic,  Cretaceous, 
and  Laramie  beds,  and  isolated  patches  rest  on  the  latter,  close  to  the 
mountains.  Nowhere  along  the  western  edge  do  we  get  the  entire,  thick- 
ness of  the  group.  The  thickness  exposed  is  only  about  500  to  800  feet. 
This  is  due  to  the  fact  that  the  region  of  the  eastern  outlying  fold  was 
above  the  level  of  the  lake,  through  tin1  earlier  portion  of  its  existence, 
and  a  portion  of  its  sediments  were  derived  from  the  erosion  of  the 
ridge  formed  by  this  fold. 

An  ann  of  the  lake  in  the  later  stage  of  its  existence  reached  north- 
ward, around  the  southern  end  of  Absaroka  Ridge  in  Hani's  Fork  Basin. 
A  BBOOOd  arm  extended  northward  in  the  region  of  Hear  Lake  and  the 
Bear  Lake  Plateau.  This  arm  was  separated  from  the  tirst  by  a  long 
narrow  peninsula,  which  now  forms  the  range  between  Bear  Kiver  Val- 
ley and  Flam's  Pork  Basin.  During  the  early  stages  of  the  lake  this 
was  probably  a  Mesozoic  Range,  but  the  rocks  of  that  age  were  largely 
removed  by  the  time  the  subsidence  had  carried  it  down  almost  to  the 
level  of  the  lake.  In  the  Green  River  epoch  it  was  probably  under 
water.  The  Wahsatch  Group,  resting  on  its  eastern  flanks,  is  on  the 
Carboniferous,  and  is  not  very  thick.  On  the  Bear  Lake  Plateau  the 
thickness  is  greater,  especially  toward  the  west,  and  on  the  eastern 
flanks  of  the  Bear  River  Range  it  is  still  greater ;  it  increases  also  tb 
the  southward  until  it  is  several  thousand  feet  in  thickness.  In  the 
Bear  River  Plateau  it  rests  on  Palaeozoic  and  Mesozoic  rocks,  which  are 
folded  and  eroded,  and  along  the  Bear  River  Range  the  underlying 
rocks  are  Silurian  quartzites.  At  Twin  Creek,  near  our  south  line  eap 
of  Bear  River  Valley,  it  rests  on  Laramie  sandstones;  the  latter  dtp 
40°  or  45°  to  the  westward  and  the  Wahsatch  5°  to  the  eastward.  The 
uuconforinability  is  about  the  same  along  the  west  side  of  the  Green 
River  Basin.  All  the  exposures  of  Wahsatch  in  our  district  are,  there- 
fore, near  shore-liues  of  the  lake. 

The  line  that  I  have  drawn  separating  the  Wahsatch  Group  from  the 
Green  River  is  lithological.  All  the  variegated  beds  that  lie  below  the 
laminated  light-colored  sandstones  have  been  referred  to  the  Wahsatch 
Group  and  all  above  to  the  Green  River. 

The  softness  of  the  variegated  sands  and  marls  has  caused  them  to 
weather  obscurely,  and  wherever  they  rise  on  the  slopes  of  a  ridge  it  is 
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difficult  to  identify  the  beds  except  by  the  color  of  their  dibrU.  Even 
where  there  is  a  bluffy  exposure  the  lines  of  stratification  are  hard  to 
ibllow. 

Organic  contents. 

The  materials  entering  into  the  formation  of  the  group  do  not  appear 
to  be  favorable  to  the  preservation  of  fossils.  A  few  fragments  of  bones, 
probably  Emys,  were  obtained  from  the  west  side  of  Green  River,  above 
Bitterroot  Creek.  Pebbles  of  the  limestone  included  in  the  conglom- 
erates of  Station  a  near  Bitterroot  Creek  yielded  a  few  Carboniferous 
forms.  The  fossils  from  Station  14  will  be  given  under  the  Green  River 
Group,  as  they  are  probably  from  the  base  of  that  formation. 

GREEN  RIVER  GROUP. 

The  change  from  the  sediments  I  have  included  under  the  Wahsatch 
Group  to  those  I  shall  now  take  up  is  a  marked  one.  Resting  on  the 
soft  variegated  beds  is  a  series  of  light-colored  sandstones  which  are 
followed  above  by  calcareous  layers  and  fissile  shales. 

The  area  between  Green  River  and  the  Big  Sandy  is  covered  with  the 
Green  River  Group  until  the  northern  portion  of  the  basin  is  reached. 
North  of  the  New  Fork  it  is  present  only  as  cappings  of  the  mesas  that 
stand  between  the  streams.  Along  the  east  side  of  the  Green,  from 
New  Fork  southward,  the  Green  River  shales  and  sandstones  form 
bluffs  several  hundred  feet  in  height.  On  the  west  side  of  the  river 
above  La  Barge  Creek  the  group  is  present  only  in  isolated  mesas. 
South  of  that  stream,  however,  it  is  the  surface  formation  rising  from 
Green  River  to  the  westward  and  breaking  off  in  bluffs  th&t  face  Merid- 
ian Ridge.  Whenever  seen,  the  group  rests  conformably  on  the  Wah- 
satch. It  is  seen  dipping  with  the  latter  where  it  rises  on  Meridian 
Ridge  and  in  the  Ham's  Fork  Plateau,  but  when  upturned  it  appears  to 
have  been  very  easily  eroded,  so  that  it  generally  ends  in  a  bluff  face 
just  east  of  the  steeper  inclination.  This  often  makes  it  resemble  ah 
unconforraability ;  but  it  is  only  apparent,  for  the  Wahsatch  beds  are 
always  seen  in  position  beneath  the  Green  River  Group,  dipping  in  the 
same  direction  and  at  the  same  angle.    As  we  recede  from  the  line  of 

greatest  elevation  the  angle  decreases,  and  that  portion  of  the  Green 
iver  Group  which  was  most  inclined  has  been  removed. 
In  the  Ham's  Fork  Plateau  the  group  forms  the  surface  of  a  shallow 
synclinal  which  is  so  slight  as  to  be  scarcely  noticed  between  Ham's 
Fork  and  the  mountain  ridge  to  the  westward.  ■  The  beds  here  are 
highly  fossilifcrous  and  contain,  near  the  top,  a  layer  of  bituminous  shale. 
In  the  Bear  Lake  Plateau  we  have,  just  above  the  variegated  beds,  a  white 
sandstone  which  may  represent  a  portion  of  the  Green  River  Group, 
but  it  is  so  small  that  I  have  included  it  with  the  Wahsatch.  At  no 
poimt  in  the  district  have  we  the  peripheral  portions  of  the  group,  so  that 
we  cannot  say  whether  or  not  there  was  any  disturbance  at  the  end  of 
the  period. 

Organic  contents. 

The  Green  River  shales  are  highly  fossiliferous,  and  had  yielded  fossils 
at  several  localities  within  the  limits  of  our  district  previous  to  our  ex- 
plorations. h\  1873,  Professor  Cope  found  numerous  remains  of  lishes 
on  Fonteuelle  Creek  and  on  the  east  side  of  the  Green,  above  the  mouth  of 
La  Barge  Creek,  and  with  them  he  found  "  insects  and  thefc  l&xv^^v&& 
like  Pupa  and  Cyrena9  and  millions  of  Cj/pm.    T\\fc\v\rsjs&  wra  &\\\vs«ras^ 
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some  nearly  an  inch  long,  and  others  minute  and  in  prodigious  numbers. 
With  them  are  found  stems  of  plants,  but  no  leaves."  • 

Similar  fossils  were  found  on  the  Big  Sandy  in  1873  by  Professor  Corn- 
stock,  and  invertebrate  fossils  were  obtained  from  the  group  just  south 
of  our  line  on  Ilam's  Fork.t 

The  best  fossil  locality  visited  by  us  was  on  Twin  Creek,  at  the  south 
end  of  the  Ilam's  Fork  Plateau.  This  has  yielded  a  large  number  of 
fossil  fishes  that  have  been  described  by  Professor  Cope  in  the  Bulletins 
of  the  Survey.  Associated  with  the  fish  are  large  numbers  of  leaves  and 
insects.  Of  the  insects  all  I  collected  Professor  Scudder  thinks  repre- 
sent a  single  species  described  in  the  Canadian  report  for  1877,  not  yet 
published.  He  says,  "  I  have  not  yet  given  these  specimens  of  yours  all 
the  attention  they  require." 

A  few  leaves  were  collected  a  few  miles  north  of  this  locality.  They 
were  leaf  of  a  new  species  of  Myrica,  and  an  involucre  of  Ostrya,  new 
species.  Of  these,  Professor  Lesquereux  says,  "  Both  these  are  referable 
to  the  Upper  Green  Biver  Group,  which  is  by  the  plants  the  equivalent 
of  the  White  River  Group." 

In  connection  with  Unio  Haydeni,  on  Ham's  Fork  I  found  fragments 
of  what  appeared  to  be  fossilized  branches.  Professor  Lesquereux  says 
one  of  them  has  the  pith  grooved  like  an  Equisetum.  With  these  occur 
millions  of  Cypris. 

At  the  mouth  of  the  Little  Sandy,  in  connection  with  invertebrate 
remains,  I  obtained,  fragments  of  broken  and  rolled  wood,  which  were 
not  determinable. 

The  most  interesting  collection  from  the  group  was  that  of  caddis-fly 
cades  from  near  Horse  Creek  Valley,  in  the  Green  River  Basin.  The 
following  in  relation  to  them,  by  Professor  Scudder,  is  quoted  from  No. 
2,  Vol.  IV,  Bulletin  of  the  Survey?  1>P-  5^>  543: 

Indnsia  cahuhta. — In  certain  parts  of  Auvcrgnc,  France,  rocks  are  found,  which. for 
a  thickness  of  sometimes  two  meters,  are  wholly  made  up  of  the  remains  of  the  rases 
of  caddis-liies.  These  have  heen  frequently  mentioned  hy  writers,  and  Sir  Charles 
JiVell  ligures  them  in  his  Manual.  Ousialct,  in  his  recent  ireati.se  on  the  fossil  ir.-vcts 
of  Auvcrgne,  describes  two  forms, t  one  from  Clerniond,  and  the  other  from  St.  G«  rand, 
■which  he  distinguishes  under  the  names  Vhryyanea  corentina  and  I*,  yeramliua,  princi- 
pally from  their  dilfercnee  in  size  and  strength,  and  a  distinction  in  the  lninuteshells — 
species  of  L'aludina — of  w  Inch  the  cases  arc  composed.  One  of  them,  however,  probably 
the  former,  was  previously  named  by  Giebelvx  Indnsia  tabnlata,  a  generic  name  which 
it  would  perhaps  be  well  to  employ  for  the  cases  of  extinct  PlwyyamtUv,  until  they  can 
reasonably  be  referred  to  particular  genera. 

During  the  past  season,  Dr.  A.  C  IVale,  in  his  explorations  under  the  Survey,  dis- 
covered on  the  west  side  of  Green  Uiver,  Wyoming  Territory,  at  the  mouth  of  Lead 
CreeU  [  Tli in  should  be  Horse  (reek.  Winn  tin:  fossil*  wwcscnt  to  Professor  Setiddtr  then: 
was  sonir  doubt  as  to  the  name  of  the  creek.  Tin-  locality  is  Station  14,  aonth  of  Jlorxr  ("nek 
and  irrst  of  (i  recti  Hirer"],  in  deposits  which  he  considers  as  probably  belonging  to  the 
Upper  Given  Kiver  Group,  or  possibly  to  the  lower  part  of  the  Ihidger  Group  beds  of 
limestone,  t  he  upper  lloor  of  which  is  completely  co\  ered  with  pctrilied  case?,  of  caddis- 
llies,  all  belonging  to  a  single  species,  which  may  bear  the  name  we  have  applied  to 
it  above. i|  They  vary  from  11  to  1<>"""  in  length,  from  -1  to  ."-,:""  in  diameter  at  tin  ir 
open  anterior  extremity,  and  from  '.\  to  :>.^mi"  at  their  posterior  end.  the  thickness  of 
Ihe  walls  being  about  (J.7.V""1.  As  will  be  seen  by  these  measurements,  the  cum-s  are 
a  little  larger  at  their  mouth,  but  otherwise  tiny  are  cylindrical,  taper  with  perfect 
regularity,  and  are  straight,  not  slightly  curved,  as  in  many  Phiyganid  eases.  They 
are  completely  covered  with  minute,  rounded,  water-worn  pebbles,  apparently  of  (piart/, 
generally  subspherical  or  ovate,  and  varying  from  one-third  to  two-thirds  of  a  inilli- 

*  Report  r.S.Gcol.  Survey,  l>7:t,  1-71,  pp.  4Mi»,  440. 

t  I.Vport  on  Reconnaissance  of  Northwestern  Wyoming  by  W.  A.  Jones,  167:1,  p.  l-l- 
;  liibl.  Kcole  llaut.  Ktudes;  Sc.  Nat.  iv,  art.  7,  'pp.  101-1U2. 
<)  Ins.  dcr  Vorw.  %2l\[). 

jj  I  ha\e  since  identified  the  beds  as  the  base  of  the  Green  River  Group,  or  possibly 
tile  top  of  the  WaUsaUAi  (jIowy. 
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meter  in  mean  diameter ;  they  thns  give  the  cases  a  granulated  appearance.  Nearly 
all  the  cases  are  filled  with  calcareous  material,  but  some  are  empty  for  a  short  dis- 
tance from  their  mouth,  and  in  one  case  the  inner  lining  of  this  part  of  the  case  has  a 
coating  of  minuter  calcareous  particles,  evidently  deposited  therein  after  the  case  was 
vacated.  As  the  present  thickness  of  the  walls  indicates  (as  also  the  size  of  the  at- 
tached pebbles),  the  silken  interior  lining  of  the  case  must  have  been  very  stout.  This 
follows  also  from  the  appearance  of  one  or  two  which  have  been  crushed ;  for  they 
have  yielded  along  longitudinal  lines,  indicating  a  parchment-like  rigidity  in  the  entire 
shell.  In  one  of  the  specimens  the  outer  coating  of  heavier  pebbles  has  in  some  way 
been  removed  by  weathering,  and  has  left  a  scabrous  surface,  apparently  produced  by 
minute,  hard  grains  entangled  in  the  fibrous  meshes  of  the  web ;  it  still,  however,  re- 
tains its  cylindrical  form. 

The  size  of  the  case,  its  form,  and  the  material  from  which  it  is  constructed,  seem  to 
indicate  that  it  belonged  to  some  genus  of  Limtiophilidw  near  Anabolia. 

The  following  is  the  list  of  shells  and  fish  and  plants  collected  daring 
the  season : 

List  of  fossils  from  the  Qreen  River  Qroup. 

MOLLUSCA. 


Ooniobasis  tenera. 

Unio  Hay  dent. 
Cypris. 


i  Big  Sandy,  near  mouth  of  Little  Sandy, 
\     Green  River  Basin,  Wyoming  Territory. 

J  Ham's  Fork  above  Granger. 


fishes. 


Mioplosus  labraeoides* 
Mioplo&us  abbreviatus. 
Mioplosus  sp.  I 
Dapedoglossus  testis. 
IMplomystus  humilis. 
Diplomystus  analis. 
Priscacara  scrrata. 
Priscacara  serrata  (young). 
Priscacara  pealei. 
Olastes  ferox. 


On  Twin  Creek,  near  southern  edge  of 
Ham's  Fork  Plateau,  about  latitude  41° 
55',  longitude  110°  48',  Wyoming  Ter- 
ritory. 


Myrica  n.  sp. 
Ostrya  n.  sp. 


FLORA 


Branch  of  Twin  Creek,  near  Sublette's 
Road,  Ham's  Fork  Plateau,  Wyoming 
Territory. 


BRIDGER  GROUP. 

The  areas  of  the  Bridger  Group  are  few,  and  are  all  limited  to  the  south- 
eastern portion  of  the  district.  The  largest  area  extends  northward  from 
Ham's  Fork  toward  Slate  Creek,  breaking  off'  in  low  bluffs  in  which  the 
sombre  clays  and  sands  of  the  group  are  exposed.  Between  the  mouth 
of  the  Big  Sandy  and  the  Green,  on  the  east  side  of  the  former,  there 
are  variegated  sands  and  marls  much  like  those  of  the  Wahsatch  Group. 
They  are,  however,  above  the  Green  River  shales,  and  have  therefore  been 
referred  to  the  Bridger  Group.  They  weather  into  Bad  Lands.  The  beds 
of  this  group  were  not  observed  north  of  Slate  Creek.  On  the  east  side 
of  the  Big  Sandy  north  of  the  Green  there  a\>\H&xfc<\.  Vo  \i&  v^a\ft&. 
patches  of  the  beds,  but  they  do  not  extend  fc\T  to  Wife  tvoxXXe^^x^ 
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The  isolated  character  of  the  beds  in  oar  district  docs  not  allow  as  to 
predicate  anything  in  regard  to  them,  and  I  therefore  leave  them  with 
this  brief  reference  to  their  outcrops. 

No  fossils  were  collected* 

PLIOCENE  DEPOSITS. 

At  the  end  of  the  early  Tertiary  period  there  appears  to  have  been  an 
elevation  which  lifted  the  lake  that  had  continued  from  W  ah  Batch  time, 
so  that  it  was  completely  drained.  Accompanying  this  elevation  iter* 
may  have  been  a  depression  to  the  westward.  Whatever  the  conditions 
may  have  been,  it  is  certain  that  a  large  area  in  the  western  portion  of  oar 
district  was  occupied  by  a  lake  that  did  not  exist  in  Bridger  time.  This 
lake  appears  to  have  occupied  depressed  areas  that  were  probably  being 
eroded  during  the  earlier  Tertiary  time.  In  Bear  River  Valley,  below 
Bear  Lake,  as  described  in  Chapter  V,  there  is  a  series  of  conglomerates 
and  sandstones,  with  calcareous  layers,  which  are  mainly  horizontal  in 
position,  resting  on  Mesozoic  and  Carboniferous  rocks,  if  ear  the  middle 
canon  of  the  Bear  the  Pliocene  beds  consist  of  greenish  and  white  shales 
jmd  sands.  They  incline  about  60°,  and  rest  on  Silurian  limestones  and 
quartzites.  which  dip  almost  in  the  same  direction  and  at  about  the  same 
angle  as  though  they  had  been  uplifted  at  the  same  time. 

In  various  portions  of  Cache  Valley,  especially  on  the  vyest  and  north 
sides,  the  beds  are  seen  inclining  toward  the  valley,  where  they  are  ob- 
scured by  the  Quaternary  lacustrine  deposits.  Wherever  they  are  seat 
in  this  region  they  are  disturbed,  showing  that  at  the  end  of  the  Pliocene 
there  was  considerable  disturbance. 

I  have  "retained  the  name  of  Salt  Lake  Group,  given  by  Dr.  Hayden 
for  these  beds.  The  southern  end  of  Cache  Valley  is  colored  on  the  map 
published  by  the  Fortieth  Parallel  Survey  ns  occupied  by  the  Humboldt 
Group.  In  our  district  the  central  jiortioiis  are  filled  with  later  beds,  to 
which,  for  the  present,  I  give  the  name  Cache  Valley  Group,  separating 
from  it  the  Pliocene  Salt  Lake  Group,  which  corresponds  to  King'* 
Huinlwldt  Group.  On  Franklin  Butte  there  are  fragments  of  lime- 
stones that  are  probably  Pliocene,  but  the*  rock  could  not  be  seen  in 
position.  Fossils  were  obtained  from  the  rocks  at  several  localities. 
The  following  are  the  genera  recognized  : 

Limnoea  sp.  ? 
Planorlm  sp.  f 
SphwHum  sp.  t 
Valrata  sp.  t 
Bythinella  sp.  t 

TERTIARY  OROGRAPHY. 

In  taking  up  this  subject  we  find  that  the.  facts  observed  in  our  district 
are  very  meagre.  During  the  deposition  of  the  sediments  of  the  Wah- 
satch  Group,  the  evidence  indicates  a  continued  subsidence,  which  may 
also  have  continued  during  the  deposition  of  the  two  succeeding  groups. 

Along  the  edge  of  the  Wyoming  Mountains  the  strata  of  the  Wall- 
satch  Group  dip  toward  the  Green  River  Basin  beneath  the  Green  River 
Group,  and  as  far  as  seen  conformably,  ^he  angle  of  inclination  being 
from  4°  to  10°.  Along  the  Wind  River  Mountains  they  are  also  seen 
to  rise,  so  that  they  have  been  affected  by  an  elevation  which  appears 
to  be  of  later  age  than  that  of  the  deposition  of  the  Green  River  Group. 
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The  Bridger  Group  is  seen  only  in  isolated  plaees,  where  the  underlying 
Green  River  Group  is  horizontal,  so  that  it  is  impossible  to  say  posi- 
tively whether  it  was  involved  or  not.  There  is  no  evidence  in  our  dis- 
trict of  disturbance  at  the  end  of  the  Wahsatch,  at  the  end  of  the  Green 
River,  nor  at  the  end  of  the  Bridger.  The  elevation  was,  however, 
probably  before  the  Pliocene,  as  the  valley  of  Bear  River  below  Bear 
Lake  appears  to  have  been  eroded  after  the  elevation  of  the  Wahsatch 
covered  Bear  Lake  Plateau.  On  the  latter  the  Wahsatch  beds  show  a 
gentle  synclinal,  and  west  of  it  dip  steeply  from  the  east  side  of  the 
Bear  River  Range.  At  no  point  in  the  Green  River  Basin  did  I  dis- 
cover any  Pliocene  beds,  so  that  the  continuous  uninterrupted  section 
from  the  beginning  to  the  end  of  the  Tertiary  cannot  be  made  from  the 
data  obtained  by  us. 

At  the  end  of  the  Pliocene-Tertiary  there  was  a  great  disturbance, 
which  outlined  the  areas  to  be  occupied  by  the  Quaternary  lakes.  It  is 
hard  to  say  whether  the  lakes  continued  from  Pliocene  into  Quaternary 
time,  with  simply  a  restriction  to  smaller  areas  and  changing  of  their 
outline,  or  not.  If  the  beds  in  Bear  River  Valley  t>elow  Georgetown 
are  Pliocene,  and  those  beneath  the  basalt  near  Soda  Springs  are  Qua- 
ternary', it  would  seem  to  indicate  a  period  of  erosion  separating  them. 

In  Caehe  Valley  it  is  somewhat  difficult  to  separate  the  Pliocene  from 
the  Quaternary,  but  wherever  the  former  are  seen  they  are  always  dis- 
turbed, giving  evidence  of  the  Post-Pliocene  disturbance. 

QUATERNARY. 

In  the  general  section  given  on  p.  612,  the  Quatenary  Groups  of  the 
district  are  given,  not  in  the  order  of  age,  but  according  to  their  geo- 
graphical position,  with  the  exception  of  tne  drift,  which  is,  of  course, 
the  latest.  It  is  found  impossible  to  treat  the  Quaternary  formations  of 
our  district  in  a  more  systematic  way  than  to  take  them  up  in  the  order 
there  given. 

Drift. — In  nearly  all  the  valleys  and  over  large  areas  of  comparative 
uniformity  in  level  in  the  district  there  is  spread  a  thin  covering  of  drift; 
which  is  generally  Aery  local,  being  derived  from  the  adjacent  mountains. 
In  Salt  River  Valley,  however,  the  drift  is  conspicuous  in  the  lower  por- 
tion and  is  probably  of  glacial  origin.  The  Salt  River  Range  and  the 
Wyoming  Ranges  api)ear  to  have  had  glaciers  in  their  deep  canons,  and 
at  present  have  immense  snow-banks,  that  during  ordinary  seasons  do 
not  entirely  melt. 

Salt  Lake  Conglomerate. — At  various  points  in  the  lower  valley  of  Salt 
River,  especially  on  the  eastern  side,  there  are  fragments  of  a  limestone 
conglomerate,  which  is  horizontal  in  position.  I  have  included  it  with 
the  Quaternary,  although  no  facts  were  observed  bearing  on  its  age. 

Malade  Valley  Group. — The  soft  sands  and  marls  of  Malade  Valley 
containing  forms  of  fresh-water  shells  are  probably  somewhat  more  mod- 
ern in  date  than  the  similar  beds  in  Cache  Valley. 

Cache  Valley  Group. — This  name  I  have  applied  to  the  soft  marls  and 
sands  which  are  best  exposed  in  the  northern  side  of  the  valley  and  on 
Bear  River  below  the  middle  canon.  They  are  somewhat  variegated  and 
horizontal  in  position.  TJie  beds  in  the  central  portion  of  Gentile  Valley 
containing  Limnwa  Planorbis  and  other  fresh-water  fossils  are  probably 
of  the  same  ago  as  are  also  possibly  those  of  Malade  Valley  just  men- 
tioned. 

The  soft  sandstones  seen  in  the  terraces  back  of  Logan  ar<^TA\s\\£&^ 
older,  and  probably  should  be  classed  with  ttifc  fcvxu<teto\i^  <&  "^asc^a. 
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Creek  Valley.    They  incline  a  few  degrees,  but  this  is  probably  due  to 
•deposition  and  not  to  a  movement  after  their  deposition. 

marsh  Creek  Group. — These  beds  as  exposed  on  Marsh  desk  abatis 
Bed  Bock  Gap  are  very  white,  friable  sandstones,  which  dip  a  degree  or 
two  from  the  mountains.  Farther  down  the  valley  they  are  covered  fcy 
the  basalt  flow.  They  are  probably  older  than  the  deposits  I  have  in- 
cluded under  the  Cache  Valley  Group.  .  • 
.  Gentile  Valley  Group. — Near  one  of  our  sub-stations  in  Gentile  VaDey 
a  coarse  conglomerate  outcrops,  which  was  horizontal  and  seemed  tobe 
older  than  the  soft  deposits  in  the  centre  of  the  valley.  In  the  Pottneof 
Cafion  a  similar  conglomerate  was  noted,  and  also  on  the  east  side^f 
Cache  Valley.  These  beds  I  have  provisionally  designated  the  Gentile 
Valley  Group. 

I  have  not  the  space  here  to  enter  into  any  detailed  description  of  the 
groups  just  mentioned.  The  reader  is  referred  to  Chapters  IV  and  V  for 
further  details.  That  all  the  beds  were  deposited  in  fresh-water  lakes 
there  is  no  doubt.  A  view  of  the  valley,  in  which  they  are  found  and 
their  fossils  indicate  this.  They  represent  a  part  of  the  great  basin  of 
which  the  Great  Salt  Lake  Valley  is  a  part  This  feet  was,  long  ago 
recognized  by  Dr.  Hayden.    In  the  report  for  1870  he  says: 

Let  us  for  a  moment  take  a  bird'n-eye  view  of  the  great  inland  baata  of  which  Salt 
Latfe  Valley  forms  only  a  part.  We  shall  find  that  what  is  termed  the  Great  Baaim  of 
the  West  comprises  the  vast  area  inclosed  by  the  Wasatch  Mountains  on  the  east  and 
the  Sierra  Nevada  on  the  west,  the  civet  or  water  divide  of  the  Columbia  on  the  north, 
and  that  of  the  Colorado  on  the  south.  We  shall  also  observe  that  this  great  nata 
has  no  visible  outlet ;  that  it  is  composed  of  a  multitude  of  smaller  basins  or  valleys, 
each  of  which  has  its  little  lakes,  springs,  and  water-coureejs  their  surplus  water  cither 
evaporating  or  sinking  beneath  toe  surface.  If  we  examine  the  elevations  in  ttfs 
region,  we  observe  a  wonderful  uniformity  in  the  surface  of  the  valleys,  and  find  that 
aone  of  them  are  much  above  the  level  of  the  waters  of  Great  Salt  Lake.    (P.  172.) 

I  infer  that  a  vast  freah-water  lake  once  occupied  all  this  immense  basin ;  that  the 
smaller  ranges  of  mountains  were  scattered  over  it  as  isolated  islands,  their  summit* 
projecting  above  the  surface ;  that  the  waters  have  gradually  and  slowly  passed  away 
by  evaporation,  and  the  terraces  left  to  reveal  certain  oscillation**  of  level  and  tbe 
steps  of  progress  toward  the  present  order  of  things;  and  that  the  briny  waters  have 
concentrated  in  those  lake  basins,  which  have  no  outlet.    (P.  170.) 

The  fact  that  Cache  Valley  was  covered  by  one  of  these  lakes  was  first 
indicated  by  Dr.  Hayden  in  1871*.  To  it  should  be  added  Marsh  Val- 
ley, Gentile  Valley,  and  Basalt  and  Upper  Portneuf  Valleys,  and,  pos- 
sibly, the  region  of  the  Blackfoot,  although  the  latter  is  now  completely 
covered  with  basalt.  The  lake  in  this  latter  region  probably  connected 
with  the  Marsh  Valley  lake  by  way  of  the  Portneuf  Canon,  while  Bed 
Bock  Gap,  or  Pass,  was  the  point  of  structure  connecting  the  lake  of 
Cache  Valley  with  that  of  Marsh  Creek  Valley.  Tbe  point  of  outlet  of 
the  Marsh  Valley  lake  was  evidently  somewhere  beyond  the  junction  of 
Marsh  Creek  and  the  Portneuf  Biver.  The  axis  of  the  Bannack  Bange 
probably  formed  the  barrier  which,  when  it  was  eroded  low  enough,  al- 
lowed the  Marsh  Valley  lake  to  be  completely  drained.  The  latter  wa« 
probably  a  much  shallower  lake  than  that  of  Cache  Valley.  After  it 
was  drained  the  barrier  was  at.  Bed  Bock  Gap.  The  elevation  on  both 
sides  of  the  pass  is  about  5,000  feet  or  a  little  less,  and  the  level  of  tbe 
lake,  as  indicated  by  the  upper  terraces,  was  at  lirst  about  5800  feet. 
When  it  reached  the  level  of  the  Bonneville  Beach  it  was  5,185.7  feet. 
The  elevation  of  the  Provo  Beach  was  about  4,825.7  feet ;  so  that  when 
the  gap  was  eroded  below  that  elevation,  the  lake  of  the  Provo  level 
was  drained  from  Cache  Valley. 


*  Kept.  \3 .  fc.  Qao\.  %ws«?  tat  lflTl*  1872,  p.  19. 


«*"•]  RESUME— VOLCANIC  ROCKS.  643 

Tn  Cache  Valley  the  terraces  indicate  several  periods  of  comparative 
permanence  below  the  level  indicated  by  the  Provo  Beach.  The  fact 
that  Red  Rock  Gap  was  a  point  of  outlet  for  the' lake  that  filled  Cache 
Valley  was  first  recognized  by  Professor  Bradley  in  1872,  although  Mr. 
O.  K.  Gilbert  claimed  its  discovery  in  1870.*  It  was  ray  intention  to 
enter  more  fully  into  this  question  in  this  report,  but  the  elevations 
have  not  all  been  determined  yet,  and  even  if  they  were,  the  time  is  too 
limited  to  take  it  up  at  present.  Suffice  it  to  say  that,  1st ;  the  terraces 
point  to  the  existence  of  a  lake  having  a  higher  level  than  Lake  Bon- 
neville ;  2d,  the  outlet  of  the  lake  indicated  by  the  Bonneville  Ter- 
race was  considerably  north  of  Red  Rock  Gap,  probably  at  the  point 
where  the  Portneuf  River  cuts  across  the  axes  of  the  Bannack  Range ; 
3d,  Red  Rock  Gap  was  the  outlet  when  the  lake  had  the  level  indicated 
by  the  Provo  Beach.t 

To  treat  of  the  subject  fully,  the  valleys  of  this  region  should  be  care- 
fully studied,  which  would  require  an  entire  season  to  be  devoted  to 
them. 

VOLCANIC  ROCKS. 

The  volcanic  rocks  of  our  district  are  included  under  one  head,  viz, 
Basalt.  The  region  covered  with  it  is  principally  the  Blackfoot  Basin, 
in  which  are  at  present  a  number  of  extinct  craters.  There  are  indi- 
cations that  there  were  several  flows.  In  this  region  the  basalt  is  gen- 
erally horizontal  in  position,  and  fills  the  valleys  and  depressed  portions 
of  the  basin. 

The  craters  in  the  Blackfoot  basin  were  the  sources  of  the  flow  that 
follows  the  Portneuf,  and  below  the  canon  separates  the  river  from 
Marsh  Creek.  This  belt  of  basalt  appears  to  end  before  the  Snake 
River  plains  are  reached,  although  below  the  gap  that  separates  Marsh 
Valley  from  the  latter  there  is  basalt.  The  basalt  at  Station  81  and  the 
surrounding  region  is  evidently  older  than  that  of  the  Blackfoot  Basin. 
It  rests  on  Pliocene  rocks,  which  are  tilted,  appearing  to  have  been 
poured  out  before  the  end  of  the  Pliocene  period;  whereas,  in  the  case 
of  the  basalt  in  Marsh  Valley,  the  Quaternary  deposits  were  somewhat 
eroded  before  the  basalt  was  poured  out.  Under  the  heads  Blackfoot 
Basin  &c,  in  Chapter  IV,  the  basaltic  occurrences  are  described.  We 
have  therefore  in  our  district  both  Pliocene  and  Quaternary  basalt. 
The  former  appears  to  have  been  a  flow  at  the  close  of  the  Tertiary,  ac- 
companying the  orographic  disturbances  which  occurred  then.  There 
were  also  two  flows  during  the  Quaternary,  as  indicated  by  the  basalt 
in  Portneuf  Canon  and  in  Gentile  Valley.  In  speaking  of  the  basalt 
on  the  Snake  River  plain  and  lower  portion  of  the  Portneuf  River,  Pro- 
fessor Bradley  says: J 

Here,  again,  we  encounter  basalt,  but  it  seems  to  belong  to  a  lower  layer  than  that 
Wo  left  at  Black  Hock.  All  over  the  great  plain,  indeed,  we  find  two  or  more  layers 
of  basalt,  separated  by  greater  or  less  thicknesses  of  sand  and  gravel,  partly  loose, 
partly  consolidated  by  ferruginous,  siliceous,  or  calcareous  cement.  If  two  layers 
Mhoiild  be  found  superimposed  at  any  point  in  the  upper  part  of  the  canon,  I  should 
believe  that  they  had  resulted  from  two  distinct  eruptions  from  the  volcanic  source 
before  mentioned  [in  the  crater*  mar  Soda  Spring*"}.  As  it  is,  it  is  not  impossible  that 
these  la  vera  in  the  outer  phi  in  have  he,en  ejected  from  some  central  source,  have  over- 
flowed the  plain,  and  so  have  run  up  into  the  mouths  of  the  valleys  opening  upon  it. 
It  seems  hardly  possible  that,  after  llowiug  seventy  or  eighty  miles,  the  lava  should 
still  have  retained  sufficient  lluidity  to  spread  out  in  a  solid  layer  over  the  plain. 
Whatever  the  source,  the  material  had  evidently  beeomo  quite  viscid ;    for  at  some 

*  See  Ainer.  Jour.  Sci.  and  Arts,  Vol.  XV,  June,  1878,  pp.  439-444. 
tSee  Amer.  Jour.,  &c,  as  above,  and  Chapter  V  of  t\\\*ra^oi\u 
tRepoi    U.  S  G'ol  Survey  of  the  Terr,  for  lWfc,  1STC,  ^.3&t. 
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Although  I  did  And  two  layers  of  basalt  in  the  upper  part  of  die 

canon  separated,  I  am  still  inclined  to  think  tint  the  source  of  the  ba- 

-  salt  in  the  tower  valley  of  the  Portnenf  was  somewhere  in  the  Snake 

Biver  plain.    Dr.  Hayden  was  also  of  the  opinion  that  the  Snake  Biver 

plain  was  a  centre.  J 

Tbc  source  of  the  basalt  that  separates  the  Portnenf  Hirer  and  Marsh 
Creek  is  nndonbtedly  the  craters  in  the  Blackfoot  Basin  and  Basatt 
Valley,  as  the  connection  is  easily  traced  through  the  Portnenf  Canon. 
The  craters  that  are  still  standing  in  the  Blackfoot  and  Bear  Hirer  re- 
gion are  very  perfect  These  basaltic  flows  extend  into  lb.  SL  John's 
district,  and  the  reader  is  referred  to  his  report  for  details  in  n 
its  occurrence  there. 
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A. 

MINEEALS  OF  THE  DISTEICT. 

The  mineral  of  most  importance  in  an  economic  point  of  view  in  onr 
district  is  coal,  which  occurs  at  three  or  four  localities.  Salt  is  the  next 
in  importance,  beds  of  this  mineral  occurring  in  the  Salt  Biver  Begion, 
which  is  also  full  of  salt  springs.  As  far  as  known,  there  are  no  mining 
localities  in  the  district,  which,  as  the  report  shows,  is  an  area  of  sedi- 
mentary rocks,  in  which  it  is  not  probable  that  gold  and  silver  deposits 
will  be  extensively  found.  The  Bear  Biver  Bange  and  the  Malade 
Bange,  it  is  true,  are  said  to  have  yielded  silver-bearing  ores,  but  it  is 
probable  that  the  areas  are  limited  and  will  never  become  successful 
mining  districts.  It  must  be  said,  however,  that  comparatively  little 
prospecting  for  ores  has  yet  been  carried  on. 

list  of  minerals  of  the  green  river  district. 

The  list  of  minerals  presented  is  meagre  for  the  rea*son  that  time  was 
too  short  to  explore  the  natural  cuts  for  specimens,  and  there  were  no 
mining  districts  within  the  areas  explored  by  us. 

Calcareous  tufa. — Calcareous  tufa  was  found  at  all  the  spring  local- 
ities, of  which  the  following  is  a  list: 

Soda  Springs. — The  specimens  at  this  locality  are  particularly  fine, 
especially  those  from  the  Formation  Spring. 
Twin  Springs,  at  base  of  Soda  Springs  Hills 
Canon  of  Bear  River,  in  Basalt  Valley. 
Gentile  Valley,  on  Bear  Biver. 
Porinenf  Canon. 
Calcite. — In  the  limestones  of  the  Wyoming,  and  Salt  Biver  Banges. 

In  Preuss  Bange  and  Bear  Biver  Bange. 
Coal. — Bituminous  coal  (lignitic),  at  Twin  Creek  Mines ;  Smith's  Fork ; 
Bell's  Pass,  between  Ham's  Fork  and  Twin  Creek. 

Lignite,  on  Bear  Biver,  above  Soda  Springs ;  in  Gentile  Valley ; 
on  Smith's  Fork  of  Bear  Biver,  near  the  forks  of  the  river. 
Feldspar.— OrMocfowe  in  the  granites  of  the  Wind  Biver  foothills. 

ObMian  in  the  basalts  of  the  Blackfoot  Basin. 
Halite  (common  salt),  in  springs  in  Salt  Biver  Valley  and  on  Smoking 
Creek.    At  the  latter  place  there  is  only  one  spring  that  is  being 
used  at  the  salt-works.    Two  hundred  thousand  pounds  of  salt  is 
the  monthly  yield. 
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Station  81 ,  >i >i it  ]i  of  Ross  Fork  of  Snake 
■Ridge  of  Statiuu  So.  77  in  tlie 


H  y  A1.1TE. — Coating 

River. 
Limonite  (iwentUtmorph  after  pyrite). 

Uannock  RgTlflP 

Mica  (muscorite). — In  the  granites  of  tbe  Wind  River  foot  bills. 
Obslman. — (See  Feldspar.) 
Ortboclask. — (See  Fddspar.) 
Salt.— (See  Halite.) 


CATALOGUE  OF  ROCKS  COLLECTED  XS  18T7  IN  THE 
R1VEB  DISTRICT. 
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REPORT  OF  A.  D.  WILSON,  CHIEF  TOPOGRAPHER. 


LETTEE  OF  TEANSMITTAL.  ! 

Office  of  the  United  States  Geological  and 

Geographical  Survey  of  the  Territories, 

Washington,  D.  C.,  March  24, 1879. 

Sir  :  I  have  the  honor  to  transmit  herewith  my  report  on  the  primary 
triangulation  carried  on  during  the  seasons  of  1877  and  1878. 

Having  completed  the  computations  of  the  work  of  1878  in  time  for 
this  report,  I  determined  to  combine  the  reports  for  the  two  seasons  in 
one. 

I  give  only  a  running  account  of  the  field  work,  time  not  permitting 
me  to  give  any  detailed  description  of  the  country,  but  I  hope  circum- 
stances will  allow  me  to  do  so  in  the  next  report. 

During  the  field  season  of  1877  I  was  accompanied  by  Ernest  Inger- 
soll  and  William  Shippen  as  general  assistants;  Harry  Yount  and  John 
Stewart,  packers.  During  the  season  of  1878,  by  A.  C.  Ladd,  assistant ; 
Harry  Yount  and  Clarence  Kelsey,  packers,  and  Joe  Foster  as  cook. 

Hoping  that  the  accompanying  report  may  meet  with  your  approval, 
I  am,  very  respectfully,  your  obedient  servant, 

A.  D.  WILSON. 
Chief  Topographer. 

Dr.  F.  V.  Hayden, 

United  States  Geologist  in  Charge. 
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REPORT  ON  THE  PRIMARY  TRIANGULATION  OF  1877  AND  1878. 


By  A.  D.  Wilson. 


In  the  spring  of  1877,  having  completed  the  work  in  Colorado  the 
previous  season,  it  was  determined  that  the  survey  should  be  carried 
north  into  Wyoming.  The  belt  of  country  lying  along  and  including 
the  Union  Pacific  Railroad  had  been  surveyed  and  mapped  by  the 
44  Geological  Exploration  of  the  Fortieth  Parallel"  under  Clarence  King. 
Therefore  the  work  was  commenced  at  the  northern  line  of  this  belt  at 
Fort  Steele,  and  thence  carried  north  and  west,  including  rectangles  Nos. 
45,  56,  and  57,  included  between  longitudes  107°  and  112°,  and  from  lati- 
tudes 41o  45'  to  44o  15'. 

Three  topographical  parties  were  sent  out ;  to  each  was  assigned  a 
rectangle.  Mr.  Chittenden  was  given  rectangle  Xo.  57,  which  he  nearly 
completed ;  Mr.  Gannett  had  No.  56,  who  completed  his  section ;  while 
Mr.  JBechler  had  No.  45.  This  rectangle  included  so  much  high  and  diffi- 
cult country,  and  Mr.  Bechler  being  compelled  to  leave  the  field  earlier 
than  he  would  have  done  on  account  of  the  Indian  troubles,  he  did  not 
finish  more  than  half  of  this  section. 

The  parties  were  all  fitted  out  at  Cheyenne,  Wyo.,  and  then  shipped 
along  the  railroad  to  the  most  convenient  points  to  their  work ;  my  party 
stopping  at  Rawlins,  Mr.  Chittenden's  at  Salt  Well,  Mr.  Gannett's  at 
Green  River,  while  Mr.  Bechler's  went  through  to  Ogden.  The  primary 
tri angulation  was,  as  usual,  placed  in  my  charge.  Arriving  at  Rawlins 
Springs  May  31,  I  established  my  camp  about  two  miles  out  of  town,  at 
Cherokee  Springs.  After  reconnoitering  the  country  in  the  vicinity  of 
Rawlins,  I  selected  a  place  west  of  the  town,  between  Separation  and 
Cherokee  Peaks,  as  the  most  favorable  spot  on  which  to  measure  a  base- 
line from  which  to  start  this  work.  Although  the  ground  was  not  all 
that  I  could  have  desired,  it  was  the  best  that  could  be  found  in  the 
vicinity,  nor  was  there  as  much  room  as  I  wanted ;  but  owing  to  the 
favorable  conditions  it  offered  for  connecting  with  the  mountain  peaks, 
I  selected  it  in  preference  to  any  other  that  I  could  find. 

MEASUREMENT  OF  TIIE  RAWLINS  BASE-LINE. 

The  central  portion  of  the  line  as  selected 'lay  along  a  "tangent*^  of 
the  railroad,  and  the  remainder  extended  over  %^ttge»brush  flat  where 
there  was  considerable  brush ;  and  the  ground  b^tig  full-of  small  hum- 
mocks, I  determined  to  measure  the  portion  lying  along  the  centre  of 
the  track,  which  was  about  one  mile  in  length,  anil  to  expand  by  means 
of  signals  placed  so  as  to  form  nearly  equilateral  triangles,  and  in  this 
manner  extend  the  base  either  way  as  far  as  the  conditions  of  the  surface 
would  allow. 

The  line  was  measured  along  the  centre  of  the  track  with  a  fifty-foot 
Stackpole  compensated  steel  tape":  this  tape  was  com\)^s&V\\>\  ^v^^r^t 
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terman  steel  tape  which  had  been  compared  with  the  Coast  Survey 
standard  at  different  temperatures,  and  was  not  nsed  except  as  a 
standard.  The  comparisons  were  made  before  and  after  each  measure- 
ment of  the  line  i  in  this  way  the  stretch  of  the  tape  was  obtained.  She 
line  was  carefully  measured  three  times,  using  low  stools  to  raise  the 
taps  from  the  ground,  and  fine  steel  pins  as  markers. 

The  variation  between  the  three  measurements  was  one  and  one-half 
inches;  a  mean  of  these  results  was  taken  as  the  true  length,  after 
correcting  for  slope,  temperature,  and  stretch  of  tape,  and  reduction  to 
sea-leveL  The  mean  error  of  closure  of  the  triamdes  nsed  in  expanding 
the  base  was  five  and  three-tenths  seconds.  The  triangle*  being  so 
nearly  equilateral  and  the  distances  so  short,  error  was  hardly  percepti- 
ble, fn  this  manner  the  line  was  expanded  to  a  length  of  throe  miles. 
Taking  this  as  the  base,  also  using  the  point  of  expansion,  the  work 
was  farther  expanded  to  Cherokee,  Rawlins,  Separation  Peaks,  and 
Mount  Steele,  signals  having  been  previously  placed  on  these  points, 
thus  expanding  the  base  to  a  length  of  nearly  twenty  five  miles^  with  an. 
average  error  of  closure  in  the  triangles  of  &"•&  This  I  considered  a 
very  fair  result  under  the  circumstances,  as  the  instrument  used  waaonly 
an  8-inch  circle,  graduated  to  ten  seconds;  besides,  we  were  troubled 
by  heavy  cold  winds  nearly  all  of  the  time  while  engaged  on  this  wort 

Leaving  Bawlins  on  June  11,  we  marched  northward  to  the  Seminole 
Mountains,  where,  on  the  13th,  I  made  a  station  on  the  highest  point  of 
the  range;  to  which  we  gave  the  name  of  Seminole  Peak.  Thence  flank- 
ing the  mountains  on  the  south,  we  marched  westward  to  Whisky  Peak, 
a  point  just  west  of  Whisky  Gap,  where  I  made  another  station.  From 
this  point  we  continued,  crossing  a  rolling,  grassy  country  swarming 
with  elk,  deer,  antelope,  and  now  and  then  a  few  stray  bufiblo  would 
be  seen  slowly  strolling  over  some  distant  hill. 

Our  next  point  was  Yellow  Butte,  where  a  day  was  spent  in  taking 
observations  from  the  peak  for  the  triangulation,  and  azimuth  observa- 
tions were  taken  at  camp  during  the  evening. 

Resuming  our  march  the  following  day,  we  proceeded  to  Camp  Stam- 
baugh,  where  a  fresh  supply  of  provisions  had  been  shipped  with  other 
necessary  outfit  to  enable  us  to  continue  our  work. 

Leaving  Stanibuugh  on  June  21,  we  marched  along  the  southern  foot 
of  the  Wind  River  Mountains  until  we  reached  the  western  fork  of  the 
Sweetwater.  Following  up  this  stream  as  far  as  we  could  conveniently 
with  the  train,  we  camped  for  the  night.  Leaving  the  camp  here  I 
took  a  small  outfit,  with  provisions,  blankets,  and  instruments,  con- 
tinued up  the  stream,  and  with  some  difficulty  reached  a  point  near  the 
pass  at  its  head,  where  we  found  further  progress  impossible  with  ani- 
mals on  account  of  deep  snow,  which  filled  the  valley  from  this  point 
upward.  Leaving  our  animals  here,  I  proceeded  on  foot,  accompanied 
by  Ernest  Ingersoll  and  Harry  Yount,  to  ascend  Wind  River  Peak,  the 
highest  point  in  this  portion  of  the  range.  After  a  very  fatiguing  climb 
through  the  snow  for  about  five  hours,  we  reached  the  summit  only  to 
find  the  wind  so  strong  and  so  intensely  cold  that  it  was  impossible  to 
set  up  the  instrument  or  do  any  work.  Thus  all  of  this  hard  climb  was 
only  for  nothing,  returning  to  our  camp  by  nightfall  well-nigh  exhausted. 
During  the  night  the  storm  broke  and  continued  for  two  days,  com- 
pelling us  to  lay  by  until  it  was  over. 

On  the  morning  of  June  27,  the  weather  being  clear,  I  started  by  4  a, 
in.,  accompanied  this  time  by  William  Shippen  and  Harry  Yount.  The 
snow  being  hard  enough  to  bear  us  up,  we  made  good  time,  arriving  on 
the  summit  before  ten  o'clock;  and  the  weather  having  settled  some- 
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what,  we  soon  got  to  work,  and  I  succeeded  in  getting  a  very  good  §et 
of  angles  to  all  the  surrounding  points,  except  to  the  north  and  north- 
east, where  the  clouds  hung  so  low  that  the  points  were  hidden ;  but  as 
these  points  did  not  come  within  the  area  to  be  surveyed  that  season,  I 
concluded  not  to  climb  this  point  again  at  that  time.  Looking  down 
from  this  point  upon  the  great  Held  of  snow,  I  suspected  (what  proved 
to  be  true  the  following  season)  that  there  were  living  glaciers  in  some 
of  the  amphitheatres  at  the  head  of  the  canons,  which  were  at  that  time 
so  concealed  by  fresh  snow  that  they  could  not  be  readily  distinguished 
at  a  distance.  We  found  the  descent  in  some  places  even  more  fatiguing 
than  the  ascent,  as  the  snow  had  softened  under  the  noonday  sun  so 
much  that  we  often  fell  in  up  to  our  arms,  and  in  scrambling  out  we 
gradually  became  wet,  until  we  were  well  soaked  by  the  time  we  reached 
our  bivouac  5  but  once  there  we  soon  saddled  our  mules  and  returned  to 
our  main  camp  by  nightfall. 

The  following  morning,  June  28,  accompanied  by  Harry  Yount,  I  made 
the  ascent  of  West  Atlantic  Peak  and  took  a  set  of  observations,  which 
completed  my  work  <?n  the  southeastern  end  of  the  range. 

The  morning  of  the  29th  found  us  traveling  on  westward  skirting  the 
foot  of  the  mountains  through  a  snow-storm,  accompanied  by  a  heavy, 
cold  west  wind,  making  it  very  disagreeable  traveling,  especially  as  it 
came  fair  in  our  faces  ;  nevertheless  we  made  about  20  miles,  camping 
for  the  night  on  the  Big  Sandy. 

The  following  day  we  continued  our  march,  keeping  near  the  foot  of 
the  great  granite  plateau  which  here  flanks  the  range,  here  and  there 
crossing  some  projecting  moraine  which  extended  out  into  the  valley, 
but  the  next  day  brought  us  fairly  into  the  great  morainal  region  along 
the  head  branches  of  the  New  Fork  of  Green  River.  Here  the  glaciers 
appear  to  have  reached  their  maximum  size,  and  are  the  finest  exam- 
ples of  the  kind  that  I  have  ever  met  with  anywhere  in  the  West. 
Crossing  these  ridges  of  granite  debris,  we  found  here  and  there  some  of 
those  beautiful  glacial  lakes  which  lay  imbedded  between  those  great 
moraines,  rising  in  some  places  to  a  thousand  feet  above  the  lakes,  and 
extending  six  to  seven  miles  beyond  the  foot  of  the  plateau  into  the 
valley  below.  The  glaciers  here  must  have  been  from  twenty  to  twenty- 
four  miles  long,  extending  from  the  summit  of  the  range  across  the 
plateau  and  far  in  the  valley  below,  scooping  out  the  great  basins  which 
are  now  occupied  by  the  lakes  as  it  poured  over  the  edge  of  the  plateau. 

Leaving  my  camp  by  one  of  the  lakes  at  the  foot  of  the  plateau,  I  took 
a  pack-mule  with  supplies  to  last  two  or  three  days  and  started  for  the 
point  I  then  took  to  be  Fremont's  Peak.  Following  up  one  of  the  mo- 
rainal ridges  we  reached  the  plateau,  which  we  found  covered  by  snow 
to  a  considerable  depth.  After  a  hard  struggle  through  several  miles  of 
snow-covered  granite  boulders,  we  reached  a  point  near  the  foot  of  the 
peak  where  we  found  a  small  ^pot  from  which  the  snow  had  melted  off. 
Taking  advantage  of  this,  as  it  offered  some  food  for  our  animals,  we 
camped  for  the  night. 

The  following  morning,  July  3,  we  were  off  on  foot  by  the  break  of 
day  for  the  peak,  reaching  the  summit  by  nine  o'clock.  I  was  soon  at 
work  and  by  noon  had  finished  the  observations  that  were  wanted  from 
this  point.  Having  a  more  comprehensive  view  of  the  country  from 
this  point,  I  concluded  that  I  had  been  mistaken  as  to  this  being  Fre- 
mont's Peak,  and  came  to  the  conclusion  that  it  was  a  point  some  eight 
or  nine  miles  to  the  north.  But  the  intervening  country  was  so  deeply 
covered  with  snow  that  it  would  be  almost  impossible  to  reach  it  at 
that  time  of  year. 
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Having1  finished  the  work,  we  soon  slid  down  the  mountain  to  camp, 
and  packing  up  in  haste  we  started  for  oar  main  camp;  the  trail  being 
broken,  we  made  good  time,  reaching  camp  in  time  for  a  splendid  supper 
of  lake  trout  and  roast  venison. 

My  next  point  being  the  highest  peak  in  the  Grosventre  Range,  we 
continued  our  course  aloug  the  foot  of  the  range,  keeping  close  under 
the  mountains  to  avoid  the  large  streams,  as  the  snow  was  melting  pretty 
fast  and  swelling  the  streams  until  even  the  smaller  branches  were 
becoming  difficult  to  cross. 

The  third  day's  march  brought  us  to  the  foot  of  Grosventre  Peak  quite 
early  in  the  day,  and,  being  able  to  camp  very  near  the  point,  I  ascended 
the  peak  and  had  a  fine  afternoon  for  work.  The  weather  was  both  calm 
and  clear.  This  we  considered  a  great  treat,  as  we  had  not  been  so  fortu- 
nate on  any  of  our  higlier  points  before.  The.  weather  up  to  this  time 
had  been  very  cold  and  windy  nearly  all  of  the  time. 

It  was  my  intention  to  have  continued  toward  the  northwest,  and  to 
make  a  station  on  the  Grand  Teton;  but  I  found  that  it  would  lie 
almost  if  not  quite  impossible  to  cross  even  the  larger  brauches  of  the 
Snake  River,  to  say  nothing  of  the  raaiu  stream,  which  is  gene-rally  hard 
to  ford  even  when  the  water  is  low.  I  determined,  therefore,  to  turn 
toward  the  southwest  and  in  that  way  avoid  the  large  streams  until 
later  in  the  season. 

Crossing  the  basin  of  IToback's  River,  we  made  a  station  on  a  peak  of 
the  same  name  near  the  northern  end  of  the  Wyoming  Range ;  thence 
keeping  along  the  eastern  part  of  the  range  toward  the  south.  I  as- 
cended Wyoming  Peak,  a  tine  conical-shaped  mountain  near  the  south 
end  of  the  range  and  the  highest  i>oint.  Continuing  southward,  we 
stnick  the  old  Lander  road,  which  we  followed  toward  Fort  Hall.  Mak- 
ing a  station  on  Caribou  Mountain  on  the  way,  we  arrived  at  Hall  on 
the  L'Oth  otMuly.  Learning  here  that  it  would  lie  impossible  to  cross  the 
Snake  River  and  reach  the  Teton  Range  without  going  far  out  of  our 
way,  I  thought  best  to  abandon  my  idea  of  reaching  that  portion  of 
the  country  until  another  season,  when  it  could  be  reached  without  the 
loss  of  so  much  time.  After  replenishing  our  supplies  here,  we  turned 
our  steps  southward.  Making  a  station  on  Mount  Putnam,  we  continued, 
by  way  of  Soda  Springs,  to  a  place  called  Georgetown,  in  Rear  River 
Valley,  lying  between  .Mount  Preuss  and  Soda  Peak.  Here  I  selected 
a  smooth  grassy  valley  in  which  to  measure  a  second  base,  or  base  of 
verification.  After  selecting  the  place,  1  staked  out  the  line  and  had 
all  the  sage  brush,  tall  weeds,  and  grass  removed,  so  there  should  be  no 
obstructions  in  the  wav.  The  measurement  was  conducted  in  the  same 
manner  as  the  first  base.  The  line  was  about  two  miles  long,  and  was 
measured  three  times  as  1m  fore;  the  difierenee  between  these  three 
measurements  was  one  and  two-tenths  inches;  the  mean  of  the  meas- 
urements was  taken  as  correct  after  reducing  for  slope,  temperature,  and 
stretch  of  tape,  and  the  final  result  reduced  to  sea-level.  Expanding  as 
before  by  means  of  signals  placed  on  some  adjoining  hills,  the  distance 
between  Mount  Rreuss  and  Soda  Peak  was  determined,  thus  obtaining 
a  line  about  fifteen  and  a  half  miles  long.  The  mean  error  of  closure  in 
the  triangles  used  in  the  expansion  was  ten  seconds.  The  two  points 
thus  connected  were*  points  that  had  already  been  used  or  selected  as 
stations  during  the  progress  of  the  former  work.  This  work  had  occu- 
pied us  some  seven  or  eight  days ;  after  its  completion  we  moved  on 
southward,  making  stations  on  Paris  and  North  Logan  Peaks.  Return- 
ing from  the  latter  \unwt\o  Itovxv  IavUq,,  we  followed  up  the  river  to  Evans- 
ton,  where  1  couneelevV  W\e.  Vvv\\\\£\\\v\\\^w  %\»k\a\\  vaa.de 
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at  this  point  by  the  boundary  survey  of  Wyoming ;  also  made  a  sta- 
tion on  Medicine  Butte,  thus  connecting  with  my  former  work  under 
-Clarence  King  in  1871  and  '72. 

From  Evanston  we  marched  eastward  by  way  of  Fort  Bridger  and 
Green  Kiver  City  to  Pilot  Butte,  another  one  of  my  old  points.  Here  I 
spent  two  days,  owing  to  the  smoky  condition  of  the  weather,  in  obtain- 
ing the  necessary  sights. 

We  next  visited  Black  Butte,  also  one  of  my  former  stations ;  thence 
returning  to  Rawlins.  I  revisited  Separation  Peak  to  obtain  sights  to 
Wind  River  and  Atlantic  Peaks,  not  being  able  to  see  these  points  on  my 
first  trip,  as  they  were  covered  by  clouds.  Remaining  on  the  point  all 
night,  I  succeeded  after  suiiset  and  before  sunrise  in  obtaining  the  re- 
quired observations. 

After  taking  another  set  of  azimuth  observations  from  camp  under 
Rawlins  Peak,  I  started  my  party  for  Cheyenne,  there  to  be  disbanded 
for  the  season.  Taking  my  theodolite,  I  took  the  train  for  Ogden,  where 
I  connected  the  triangulation  through  Ogden  and  Willard  Peaks  with 
the  observatory  established  there  by  the  Geographical  Survey  West  of" 
the  One  Hundredth  Meridian,  under  Lieut.  G.  M.  Wheeler.  I  also  con- 
nected the  work  through  the  triangulation  of  the  Geological  Exploration 
of  the  Fortieth  Parallel  with  the  astronomical  station  made  at  Salt  Lake 
City  by  the  Coast  Survey. 

REPORT  ON  THE  PRIMARY  TRIANGULATION  OF  1878. 

Headquarters  of  the  survey  was  at  Cheyenne,  as  it  had  been  the 
previous  season.  The  parties  were  fitted  out  as  before,  and  shipped  to 
their  respective  points  of  departure.  Mr.  Jackson's  party  was  shipped 
with  mine  to  Point  of  Rocks  station,  on  Bitter  Creek,  where  we  arrived 
on  the  morning  of  July  26.  The  day  was  spent  in  putting  our  luggage 
and  supplies  in  shape  for  transportation  on  the  mules. 

The  following  morning,  after  the  usual  amount  of  trouble  to  get  under 
way,  we  started  northward  toward  the  Wind  River  Mountains,  continuing 
our  course  without  interruption  until  we  reached  the  eastern  branch  of  the 
Little  Sandy  on  the  forenoon  of  July  29 ;  here  we  halted  to  observe  the 
total  eclipse  of  the  sun,  and  we  were  very  fortunate  in  having  a  splen- 
didly clear  day.  The  only  observation  we  took  was  on  the  time  of  to- 
tality. I  observed  with  the  telescope  of  my  transit,  Mr.  Ilolmes  with 
the  smaller  glass  of  the  gradienter,  and  Mr.  Eccles  with  a  smoked  glass. 
I  made  the  time  of  totality  2  minutes  27 J  seconds;  Mr.  Holmes,  2  min- 
utes 27  seconds ;  while  Mr.  Eccles  made  it  2  minutes  and  20  seconds. 

It  is  not  my  intention  to  aT tempt  here  any  description  of  the  scene, 
but  will  simply  say  that  it  was  very  interesting,  and  the  effect  quite 
curious  on  all  who  observed  it. 

The  next  day  we  reached  the  foot  of  the  Wind  River  Mountains, 
where  we  left  the  greater  portion  of  the  party  to  await  our  return.  Wo 
started  on  the  morning  of  July  31,  following  up  the  west  branch  of  the 
Sweetwater,  as  we  did  the  previous  season,  but  finding  that  the  snow 
had  all  disappeared  from  the  pass,  we  crossed  the  pass  and  followed  up 
a  branch  of  the  Big  Popo  Agie,  and  camped  by  a  small  lake  near  the 
southeastern  foot  of  the  peak. 

On  the  morning  of  August  1  we  took  an  early  start,  and  being  able 
to  ride  to  within  a  thousand  feet  of  the  summit,  tying  our  animals  to 
some  large  rocks  and  shouldering  our  instruments,  we  soon  reached  the 
top  of  Wind  River  Peak.  Looking  down  toward  the  northeast,  we  saw 
plainly  before  us  a  very  fine  specimen  of  a  living  glacier;  this  I  had 
suspected  the  previous  season,  but  at  that  time  could  not  determine  the 
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feet  without  a  more  careful  examination,  owing  to  the  whole  surface 
being  covered  with  a  heavy  coating  of  fresh  snow.  While  we  were  tak- 
ing oar  notes,  Mr.  Eccles  descended  to  this  ice  field  and  examined  it 
very  carefally,  pronouncing  it  a  well-defined  glacier.  The  day  being  a 
very  fair  one,  I  succeeded  in  obtaining  a  good  set  of  observational  hot 
was  not  able  to  get  sights  as  I  had  hoped  to  do  to  the  peaks  in  the  Big- 
horn Mountains;  these  points  being  between  160  and  160  miles  distant, 
the  smoke  or  haze  obscured  them,  yet  under  favorable  tiroumstanoes 
they  are  visible.  On  my  first  visit  in  1877,  when  the  weather  was  too 
cold  and  "windy  to  take  any  observations,  I  could  clearly  distinguish 
every  point  in  the  range;  but  it  is  seldom  that  the  weather  is  so  perfect 
that  such  long  sights  can  be  obtained.  I  have  often  found  that  such 
long  sights  could  be  observed  just  before  sunrise  or  just  after  sunset,  as 
the  case  might  be.  when  the  points  were  projected  against  a  bright 
luminated  sky,  while  the  shaded  side  of  the  mountain  presented  a  very 
dark  appearance,  thus  bringing  them  out  in  bold  relief;  but  as  this  is 
a  very  inconvenient  time  to  be  on  the  high  peaks,  one  can  seldom  take 
advantage  of  this  feet  except  from  the  more  accessible  points.    Com- 

eeting  our  notes  and  sketches,  we  soon  descended  to  our  camp  by  the 
ke.  During  the  day  Mr.  Jackson  had  taken  some  excellent  photo- 
graphs of  the  mountains  and  lakes  surrounding  the  camp. 

The  next  point  that  I  wished  to  visit  being  Fr&nontfs  Peak,  after  re- 
turning to  our  main  camp,  we  followed  very  nearly  the  same  coarse  ap 
the  previous,  season,  along  the  foot  of  the  raage  until  we  reached  Fr6- 
montfs  Lake.  Here  we  left  the  greater  portion  of  the  party ,  and  taking 
»  small  outfit,  only  sufficient  to  last  us  three  or  four  days,  we  followed 
along  the  eastern  shore  of  the  lake  for  some  distance,  when  we  turned  up 
to  the  right.  Taking  the  ridge,  we  found  very  easy  traveling  until 
approaching  the  mountains,  where  we  began  to  find  our  way  obstructed 
to  some  extent  by  granite  boulders,  and  between  them  the  soil  was  wet 
and  marshy.  Working  our  way  along  for  some  distance  we  came  to  a 
lake  surrounded  by  steep  granite  slopes  which  we  could  not  pass  with 
our  animals,  compelling  us  to  halt.  Camping  here  for  the  night,  we  made 
all  necessary  preparations  to  attempt  the  ascent  froni  this  point  on  foot. 

About  three  o'clock  in  the  morning  of  August  7  the  cook  called  break- 
fast and  the  boys  were  soon  out  and  by  four  were  off  for  the  peak. 
After  a  very  tiresome  walk  over  the  rolling  granite  ridges,  and  scram- 
bling around  the  glacial  lakes,  hero  and  there  impeded  in  the  great 
granite  basins  formed  by  the  ancient  glaciers,  we  reached  the  foot  of  the 
main  peak.  From  this  point  to  the  summit  there  was  nothing  but  steady 
climbing  over  granite  debris  for  about  3,000  feet.  Reaching  the  summit 
about  10  a.  m.,  we  found  no  signs  of  any*one  having  visited  this  point 
before ;  but  I  am  of  the  opinion  that  this  is  the  point  that  Fremont 
ascended  in  1842,  while  executing  his  exploration  across  the  continent 
at  that  time,  judging  only  from  his  description  of  the  country.  From 
the  top  we  looked  down  on  quite  a  fine  glacier  which  lay  at  the  north 
foot  of  the  peak  and  stretched  off  to  the  northeast  for  some  distance, 
while  other  smaller  specimens  could  be  seen  hanging  in  the  heads  of  the 
surrounding  canons. 

Completing  our  work,  wo  retraced  our  steps,  reaching  camp  just  before 
dark  considerably  fatigued,  but  well  pleased  with  the  results  of  our 
day's  work.  The  next  day  we  returned  to  our  main  camp,  where  we 
remained  over  a  day  to  enable  Mr.  Jackson  to  take  some  photographs  of 
the  lakes  in  the  vicinity. 

From  Fremont's  Lake  we  marched  northwest  across  the  Green  River 

JSasin  to  the  head  of  Hoback's  River,  which  we  followed  down  to  Snake 

er;  thence  up  the  latter  to  the  mouth  of  the  Little  Grosventre.    Leav- 
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ing  the  other  parties  to  continue  up  the  river,  I  crossed  over  to  the  west 
side,  thence  by  way  of  Teton  Pass  to  Pierre's  Hole,  continuing  north- 
ward until  we  reached  T£ton  Creek;  turning  short  to  the  right,  folio  wecj 
up  the  stream  some  distance,  camping  near  the  head  of  the  open  valley, 
which  here  extended  two  or  three  miles  up  the  stream  from  the  main 
vaUeybelow.  Here  1  left  the  train  with  twoof  the  men.  Taking  one  pack- 
mule  loaded  with  the  instruments  and  sufficient  supplies  to  last  three 
or  four  days,  started  for  the  peak,  accompanied  by  A.  C.  Ladd  and 
Harry  Yount.  We  succeeded  in  reaching  the  plateau  west  of  the  peak, 
which  is  considerably  above  timber-line,  without  any  difficulty.  We 
traveled  along  until  we  were  cut  off  by  a  deep  and  very  abrupt  canon. 
We  might  have  taken  our  animals  down  to  the  bottom  of  this  cation  if 
the  pass  had  not  been  blocked  by  a  heavy  bank  of  snow.  Finding  our- 
selves blocked,  we  turned  toward  the  south  into  a  basin  where  we  found 
grass  and  timber  enough  to  camp  by.  Here  we  were  delayed  two  or 
three  days  by  a  heavy  rain  and  snow  storm  which  we  found  very  disa- 
greeable, camped  as  we  were  on  the  side  of  the  mountain  exposed  to 
the  west  winds.  While  we  were  thus  delayed  by  the  storm,  I  took  ad- 
vantage of  a  short  lull  by  climbing  to  the  edge  of  the  plateau-like  ridge 
to  the  southeast  of  camp.  I  obtained  a  very  fair  view  of  the  peak  and 
its  approaches.  While  thus  employed  I  looked  down  upon  a  bank  of 
snow  just  below  me,  and  there  saw  four  grizzlies  playing  u  hide  and  go 
seek  "  among  the  crevasses.  Getting  myself  in  a  good  position  among 
the  rocks,  so  they  could  not  see  me,  I  fired  three  or  four  shots  at  them, 
killing  two  of  them  5  but  finding  that  I  had  but  one  cartridge  left,  and 
two  bears,  I  thought  discretion  the  better  part  of  valor,  and  slipping  down 
on  the  opposite  side  of  the  rocks,  ulit  out"  for  camp. 

On  the  morning  of  August  20,  finding  the  weather  very  clear  and 
beautiful,  with  a  bright  moon  shining,  we  were  up  and  off  before  day- 
light. Climbing  to  the  top  of  the  pass,  we  could  then  see  what  was  be- 
fore us.  First,  we  had  to  cross  a  canon  that  was  some  1,500  feet  deepy 
and  then  cross  a  spur  which  juts  out  south  of  the  main  peak,  before  we 
could  really  begin  the  ascent  of  the  peak  proper.  We  soon  scrambled 
our  way  down  to  the  bottom  of  the  canon,  but  not  so  soon  did  we  reach 
the  ridge  beyond ;  the  slope  being  very  steep  and  the  lUbris  which  com- 
posed it  very  fine  and  loose,  it  would  slide  from  under  our  feet,  making 
it  very  tiresome,  especially  near  the  top  of  the  ridge.  Reaching  the  top. 
in  a  deep  notch,  we  soon  climbed  down  over  a  bank  of  neve  snow  and 
out  on  a  small  glacier,  which  filled  the  amphitheatre,  or  basin,  at  this 
point.  Crossing  this  quickly,  we  found  ourselves  face  to  face  with  the 
peak  itself,  and  it  did  look  as  if  it  would  be  almost  impossible  to  climb 
to  any  height  on  this  peak.  We  halted  a  minute  to  examine  the  ground 
ahead.  I  concluded  to  follow  up  a  long  slide  which  came  from  the  south- 
west side  of  the  peak ;  this  would  enable  us  to  reach  the  saddle  on  the 
main  ridge.  So  we  proceeded  to  scramble  our  way  over  this  great  loose 
mass  of  angular  boulders  of  grauite,  first  giving  strict  orders  that  the 
others  were  not  to  follow  in  line,  as  it  would  be  impossible  to  iwevent 
the  boulders  rolling  from  under  our  feet  with  all  the  care  that  was  pos- 
sible. After  about  one  hour's  hard  climbing  over  this  debris  slope,, 
we  found  ourselves  on  the  saddle,  where  we  halted  again  for  a  moment 
to  take  a  look  at  the  peak  from  that  side.  I  found  that  from  this  point 
there  was  a  sort  of  hall-way,  leading  nearly  to  the  summit,  with  nearly 
vertical  walls  of  granite  on  either  side.  These  walls  extended  below 
the  saddle  on  either  side,  thus  compelling  us  to  follow  this  path,  although 
very  steep  and  in  many  places  worn  smooth  by  the  snow  slides  which  pass 
down  this  channel  every  spring.  Taking  the  lead,  as  before,  I  climbed 
along,  carrying  my  transit  with  but  little  difficulty  for  some  distance,. 

42GS 
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until  I  came  to  a  place  where  the  rocks  were  well  polished  and  standing 
almost  vertical ;  but,  not  daunted,  I  started  up,  finding  here  and  there  a 
finger-bold  or  a.  crack  in  which  I  could  stick  my  toe;  finally  reached  a  place 
where  there  was  good  footing ;  here  I  waited  for  my  two  companions,  bnt 
had  not  waited  long  when  a  cry  of  "Help"  came  from  one  of  them.  I  im- 
mediately crawled  out  on  a  jutting  stone,  and,  looking  down,  I  saw,  about 
40  feet  below,  one  of  them  clinging  to  the  face  of  the  bluffy  reminding  me 
of  a  starfish  hanging  to  a  breakwater.  He  had  gotten  himself  in  such  a 
position  that  he  could  neither  get  up  nor  down.  Casting  him  the  end  of 
the  rope,  which  he  caught,  arid,  thus  aided,  he  was  soon  up  with  ma 
Another  lift  or  two,  the  climbing  became  better,  the  rocks  becoming 
more  broken,  thus  offering  better  hold  for  hand  ana  foot-  We  were  soon 
up  to  the  notch,  which  is  formed  by  the  two  walls  as  they  cross  the  peak; 
but,  much  to  our  chagrin,  we  could  find  no  means  of  getting  up  the  one 
to  our  right,  which  we  must  do  to  reach  the  high  point.  At  the  lowest 
point  this  wall  is  about  40  feet  high,  and  is  a  smooth  vertical  wall  of 
granite,  without  a  break  anywhere  that  a  man  could  possibly  crawl  up. 
Thus  we  found  ourselves  completely  blocked  within  a  few  feet  of  the 
top,  after  a  long  and  tiresome  climb  of  nearly  5,000  feet  on  foot.  Turn- 
ing to  the  left,  we  climbed  to  the  top  of  the  western  point,  where  we 
found  a  circular  inclosure  of  rocks,  such  as  are  often  found  on  many  of 
our  Western  mountains,  evidently  built  by  Indians ;  also  a  pile  of  rocks 
with  a  stick  stuck  in  its  center,  left  by  some  white  man ;  the  former  very 
ancient,  while  the  latter  had  been  left  there  only  a  few  years.  These 
two  marks  told  the  whole  story ;  evidently  the  builders,  like  ourselves, 
had  been  unable  to  reach  the  highest  point.  From  this  point  I  oouM 
see  the  opposite  wall  from  top  to  bottom,  but  at  no  point  could  I  dis- 
cover a  break,  much  to  my  disappointment.  Now  for  the  first  time, 
after  climbing  hundreds  of  peaks  during  my  twelve  years  of  experience, 
T  was  compelled  to  give  up  reaching  the  summit,  at  least  from  that  side. 
It  is  just  possible  that  the  top  might  be  reached  from  the  southeast; 
but  it  would  have-  taken  us  several  days  to  go  back  and  recross  the 
range  and  approach  the  peak  from  that  side.  I  thought  best  to  make 
the  best  of  my  present  opportunity.  Therefore  1  set  up  my  instrument 
and  took  what  observations  1  could.  These  being  reduced  to  centre,  they 
enabled  me  to  connect  the  work  northward.  I  determined  to  continue 
northward,  trusting  that  I  might  have  an  opportunity  of  trying  the 
ascent  of  the  ]>eak  later  in  the  season  when  on  my  way  back.  Com- 
pleting my  observations  from  this  point  as  quickly  as  possible,  we  com- 
menced to  retrace  our  steps,  and  did  not  find  it  much  easier  than  the 
ascent ;  especially  when  we  came  to  climb  out  of  the  cannon  we  found  that 
we  were  well-nigh  exhausted;  but  at  last  we  reached  our  side  camp, 
and,  as  we  had  eaten  our  last  provision  in  the  morning,  we  determined  to 
try  and  reach  our  main  camp.  We  packed  up  in  a  few  minutes  and 
started  down  the  mountain,  reaching  camp  some  time  after  dark,  and 
greatly  to  our  delight  we  found  the  cook  had  .prepared  a  good  supper 
for  us,  having  anticipated  our  return. 

The  following  August  21  found  us  on  our  way  toward  Sawtelle's  Peak. 
Marching  toward  the  northwest  over  a  rolling  grassy  valley,  we  crossed 
Henry's  Fork  just  below  the  Big  Bend,  thence  following  up  the  valley, 
which  we  found  heavily  timbered  for  some  distance,  but  finally  we  struck 
the  stream  again  where  the  valley  becomes  more  open.  There  the  stream 
flows  along  in  its  gentle  winding  course,  filled  with  great  white  swan, 
geese,  ducks,  and  other  water-fowl,  while  the  valley  was  fall  of  sand-hill 
cranes.  Each  making  its  peculiar  noise  created  a  great  bedlam  of  life  in 
this  wild  and  lonely  place. 

On  the  evening  of  August  24  we  reached  the  valley  of  Henry's  Lake, 
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and  camped  at  its  lower  end.  The  following  morning,  leaving  camp 
where  it  was,  we  rode  to  the  top  of  Sawtelle's  Peak,  and  having  one  of 
those  magnificently  clear  days,  I  obtained  a  splendid  set  of  angles  to  all 
the  points  that  are  visible  from  this  peak.  While  I  was  taking  my 
notes,  Harry  shot  a  fine  mountain  sheep,  which  we  loaded  on  the  mule 
that  carried  the  large  transit,  and  returned  to  camp  just  before  night. 
After  dinner  we  were  lying  about  the  fire,  smoking  and  talking,  when 
suddenly,  all  unconscious  of  any  approaching  danger,  some  shots  were 
fired  just  behind  us,  and  as  quick  as  a  flash  we  all  drooped  to  our  hands 
and  feet  and  crawled  for  our  rifles,  some  one  calling  out  "  Indians." 
Just  as  I  picked  up  my  rifle  I  heard  our  stock  start  off  on  the  run.  I 
knew  at  once  that  we  were  left  on  foot  beyond  all  redemption,  as  the 
Indians  were  on  horseback  and  already  had  the  start  of  us.  We  re- 
mained in  camp  some  time,  but  finding  that  the  Indians  still  lurked 
about,  I  came  to  the  conclusion  that  they  intended  giving  us  another 
trial  at  daylight,  and  as  there  was  nothing  to  be  gained  by  keeping  the 
camp,  as  we  could  take  nothing  away  except  what  we  could  carry  on 
our  backs,  at  the  same  time  the  camp  was  in  an  exposed  position,  there- 
fore I  determined  to  crawl  out  to  some  woods,  where  my  little  party  of 
five,  with  our  four  guns,  might  stand  a  better  chance  if  they  should  find 
ns.  Gathering  up  what  was  necessary  in  the  way  of  provisions  and 
blankets  to  last  us  three  or  four  days,  and  taking  our  guns  and  ammu- 
nition, we  started,  first  caching  the  instruments.  Crossing  the  river, 
we  felt  our  way  along  to  the  woods,  where  we  lay  down  for  a  nap.  As 
I  had  suspected,  just  at  daylight  the  Indians  fired  into  the  camp,  evi- 
dently to  see  if  we  were  there.  As  soon  as  it  was  fairly  light,  we 
started  along,  striking  for  the  Lower  Geyser  Basin,  where  I  hoped  to 
intercept  one  of  our  parties.  If  we  failed  in  this,  we  would  have  to  go 
to  the  Mammoth  Hot  Springs,  a  distance  of  150  miles.  After  walking 
some  distance,  we  succeeded  in  reaching  a  point  from  which  we  could 
see  our  cainp.  I  could  see  with  my  field-glass  that  the  camp  had  been 
demolished ;  also  saw  two  Indians  on  horseback  apparently  looking  for 
our  trail.  After  a  long,  tiresome  walk  over  the  plateau,  we  were  com- 
pelled to  camp  dry,  not  being  able  to  find  any  water.  Next  morning 
we  started  just  before  daylight,  hoping  to  reach  water  before  it  got  hot. 
We  had  just  started  when  a  meteor  shot  across  the  cafion  out  of  which 
we  were  climbing,  lighting  up  the  whole  heavens  as  bright  as  noonday 
sun,  and  shortly  after  there  came  a  peculiar  sound  very  nearly  like 
thunder,  yet  very  different.  Not  suspecting  anything  of  the  kind,  I  did 
not  take  the  time  between  the  appearance  of  the  meteor  and  the  sound, 
which  would  have  given  me  the  distance  of  the  meteor.  After  three 
days'  hard  walking  we  reached  the  Upper  Geyser  Basin,  where  we  found 
Dr.  Hayden  and  some  of  the  other  parties. 

Procuring  .three  mules,  two  riding  and  one  pack,  from  Mr.  Jackson's,  I 
started  back  the  next  morning,  accompanied  by  faithful  friend  Harry 
Yount,  to  rescue  the  instruments  if  possible.  Reaching  the  camp  about 
noon  the  second  day,  we  found  everything  scattered  and  torn  up ;  all  the 
provisions,  blankets,  and  many  other  things  had  been  carried  off.  But 
fortunately  they  had  not  found  the  instruments  that  we  had  hidden. 
Loading  our  one  pack-mule  with  instruments  and  a  few  other  things 
that  we  picked  up  about  camp  we  started  back,  and  on  the  evening  of 
the  third  day  reached  the  Geyser  Basin  again. 

Joining  Mr.  Jackson's  party  ?  we  proceeded  to  Heart  Lake,  where  he 
photographed  the  geysers,  while  I  made  a  station  on  Mount  Sheridan. 
From  this  peak  we  had  a  splendid  view  of  the  whole  Parkj  with  its 
many  crystal  lakes  embedded  in  the  black-green  forests  which  cover 
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nearly  the  whole  surface  of  the  Park.    All  could  see  the  great  rowi  of 
snow-clad  mountains  which  surround  the  Park  nearly  on  an  sides. 

Leaving  Heart  Lake  on  the  morning  of  September  7,  we  poshed  dor 
way' through  to  Bottler's  ranch,  on  the  Yellowstone,  in  four  days.  Mr. 
Eccle8  had  left  his  small  outfit  of  mules  here  tor  me.  Obtaining,  betid** 
these,  two  or  three  mules  from  Messrs.  Jackson  and  Gannett,  1  was  able 
once  more  to  resume  my  work ;  but  much  valuable  time  had  been  lost,  m 
the  snow  would  soon  close  down  on  us. 

Returning  to  the  Mammoth  Hot  Springs,  I  found  General  Miles  aa4 
party.  He  bad  encountered  my  friends  of  August  25,  killed  eleven  and 
captured  some  thirty-live,  besides  a  large  herd  of  horses  and  mules, 
losing  two  men  in  the  fight.  After  occupying  Electric  Peak,  I  moved 
southward,  making  a  station  on  Mount  Washburn  with  much  difficulty, 
owing  to  a  heavy  snow-storm  which  caught  us  near  this  point.  The 
whole  Park  was  now  covered  with  from  six  inches  to  a  foot  of  snow 
(September  24),  while  on  the  mountains  it  was  much  deeper.  After  the 
storm,  we  continued  southward  up  the  Yellowstone.  Passing  the  lake 
on  the  eastern  side,  we  continued  up  the  Upper  Yellowstone  nearly  to 
'  its  head,  hoping  to  make  a  station  on  Yount's  Peak,  situated  at  the  head 
of  the  liver.  But  here  we  were  Qaught  in  another  heavy  snow-stortn, 
which  blocked  us  completely  from  any  further  work  in  that  portion  qf 
the  country.  Finding  myself  thus  blocked,  I  determined  to  get  oat  be- 
fore it  would  be  too  late  to  cross  the  range. 

Marching  by  way  of  Two  Ocean  Pass  thence  southward  by  way  of 
To-gwo-tee  Pass,  we  came  out  in  the  valley  of  Wind  River  after  five 
days  of  hard  struggle  through  the  snow,  timber,  and  rocks:  following 
this  valley  to  Gamp  Brown,  thence  by  forced  marches  to  Rawlins  on  the 
Union  Pacific,  but  not  without  another  storm,  which  caught  ns  the  last 
day,  while  marching  across  the  open  country  between  Whisky  Gap  and 
Rawlins.  This  was  one  of  the  worst  snow-storms  I  ever  encountered ; 
the  wind  was  blowing  so  hard  that  one  could  not  see  hardly  twenty  paces 
ahead,  and  the  cold  was  intense.  We  finally  reached  the  station  just 
before  dark,  nearly  frozen  and  well-nigh  exhausted. 

I  was  in  hopes  of  visiting  Fort  Steele  and  making  another  connection 
with  the  astronomical  station  made  there  by  Lieutenant  Wheeler's  sur- 
vey  j  but  the  storm  had  been  so  severe  and  the  weather  continued  cold 
and  windy,  1  determined  to  close  up  for  the  season.  Loading  every- 
thing on  the  cars,  we  arrived  in  Cheyenne  on  the  17th  of  October,  and 
soon  after  were  on  our  way  to  Washington. 

The  accompanying  map  shows  the  positions  of  all  the  stations  that 
were  occupied,  also  some  of  the  more  prominent  points  that  were  located 
by  foresights,  while  the  accompanying  tables  give  the  latitudes,  longi- 
tudes, and  elevations  so  far  as  known,  also  azimuths  and  distances 
between  the  different  peaks.  Monuments  were  built  on  all.of  the  occu- 
pied points. 

The  area  covered  by  the  triangulation  of  the  two  seasons  was  about 
39,000  square  miles  j  within  this  area  there  were  forty-five  points  well 
located,  besides  some  secondary  points  that  are  not  gi^en  here,  but 
have  been  used  in  the  construction  of  the  maps. 

Azimuths  were  taken  at  various  points  and  carried  through  from  one 
point  to  the  other,  thus  checking  each  other.  The  method  of  adjust- 
ment was  essentially  the  same  as  used  in  the  Colorado  work,  given  in 
the  report  of  1870. 

When  the  two  bases  were  connected  through  the  triangulation,  there 
was  found  to  be  a  difference  of  nearly  one  foot  per  mile.  This  difference 
is  undoubtedly  due  to  the  connection  across  the  Green  River  basin, 
where,  owing  to  the  lack  of  points,  I  found  it  very  difficult  to  obtain 
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well  conditioned  triangles,  and  the  distance  being  so  great,  the  haze  of  this 
great  plain  played  an  important  part. 

The  latitudes  and  longitudes  are  based  on  the  United  States  Coast 
Stirvey  station  at  Salt  Lake  City,  checked  by  that  of  Lieutenant 
Wheeler  at  Ogden,  the  two  checking  each  other  very  closely.  I  was 
in  hopes  of  carrying  this  work  eastward  and  connecting  with  the  United 
States  Coast  Survey  station  at  Sherman  before  publishing  this  work, 
but?  owing  to  the  unavoidable  delays,  I  was  unable  to  accomplish  this 
during  the  past  season. 

A  list  of  primary  triangulation  stations,  with  their  latitudes,  longitudes, 

and  elevations  above  searlevel. 


East  end  of  Rawlins  base-line  . . .'. 
West  end  of  Rawlins  base-line ... 

Rawlins  Peak 

Cherokee  Peak 

Separation  Peak 

Monnt  Steele , 

Rattlesnake  Peak 

Seminole  Peak 

Whisky  Peak 

Yellow  Butte 

Black  Butte 

Essex  Mountain 

Wind  River  Peak 

Pilot  Butte 

Atlantic  Peak 

West  Atlantic  Peak 

Monnt  Bonneville 

New  Fork  Peak 

Fremont's  Peak 

Grosventro  Peak 

Hoback  Peak 

Wyoming  Peak 

Medicine  Butte __ 

Ogden  Peak 

WillardPeak 

North  Logan  Peak 

Lake  View  Peak 

Paris  Peak 

Soda  Peak 

Mount  Preuss 

East  end  of  Bear  Valley  base-line. 
West  end  of  Bear  Valley  base-line 

SonthHill 

North  Hill 

East  Hill 

Caribou  Mountain 

Monnt  Putnam 

Mount  Baird 

Grand  T^ton 

Yount's  Peak 

Washakie  Needle 

Mount  Sheridan 

Sawtellc's  Peak 

Mount  Washbume 

Electric  Peak 

Mount  Hilgard 

Emigrant  Peak 

Index  Peak 

Laramie  Peak 


Latitudes. 


41  25 
41  46 
41  48 
41  48 
41  38 

41  50 

42  10 
42  15 
42  18 
42  16 
41  33 

41  58 

42  42 

41  38 

42  36 
42  37 
A:i  51 

42  ,r9 

43  07 
43  16 
43  05 
42  36 
41  21 
41  11 
41  21 
41  54 

41  57 

42  12 
42  27 
42  29 
42  27 
42  27 
42  23 
42  31 

42  28 

43  05 

42  57 

43  21 
43  44 
43  58 

43  44 

44  16 
44  33 

44  47 

45  00 

44  55 

45  15 
44  58 
42  16 


23.4 
16.5 
14.9 
54.6 
14.4 
14.8 
01.7 
23.5 
36.7 
05.3 
29.4 
22.2 
29.7 
34.0 
59.3 
17. 2 
3o.  1 

58.3 
28.5 
54.4 
04.2 
14.9 
06.5 
56.7 
44.9 
39.1 
35.9 
08.8 
53.7 
42.6 
18.9 
22.7 
41.1 
15.6 
49.7 
36.2 
10.6 
46.7 
29.6 
56.2 
51.7 
00.2 
51.2 
53.5 
22.2 
03.8 
50.2 
36.6 
00 


Longitudes. 


107  18 
107  21 
107  16 
107  19 
107  23 

106  59 

107  03 
107  14 

107  34 

108  43 
108  48 

108  58 

109  09 
109  21 
109  00 
109  01 
1«  9  20 
109  35 

109  37 

110  14 
110  34 
110  37 

110  54 

111  53 
111  57 
111  40 
111  14 
111  33 
111  33 
111  15 
111  19 
111  22 
111  23 
111  24 
111  19 

111  18 

112  10 
111  05 
110  48 
109  52 

109  12 

110  31 

111  26 
110  26 

110  50 

111  27 
110  42 
109  53 
105  26 


15.0 

30.6 

14.9 

42.8 

53.5 

59.6 

35.9 

30.0 

34.5 

18.0 

12.7 

20.6 

54.5 

19.6 

16.5 

07.3 

48.2 

36.9 

17.3 

00.5 

27.3 

39.7 

42.5 

09.5 

53.1 

46.5 

07.3 

11.8 

11.4 

11.0 

48.0 

04.0 

34.4 

54.5 

19.6 

56.7 

09.4 

54.8 

22.8 

11.7 

19.7 

58.8 

55.0 

14.9 

28.3 

57.6 

37.7 

04.0 

50 


Eleva- 
tions. 

Feet. 
6,800 
6,800 


8,500 
7,770 


9,930 

9,273 

8,456 

8,170 

8,750 

13,400 

7,900 

12, 700 

12,634 


13,790 
11, 570 
10,990 
11,490 
8,769 


10,004 

7, 795 

9,522 

9,683 

9,979 

6,100 

6,000 

6,600 

6,800 

6, 500 

9,854 

8,923 

9,990 

13, 691 

11,700 

12,000 

10,377 

10, 013 

10, 315 

11,155 

11,000 

11,034 

11,500 


6()2  REPOET   UNITED   STATES    GEOLOGICAL   SURVEY. 

Azimuth*  and  distances  from  east  end  of  Rawlins  bate-line  to — 


NillllfS  (j[M;UiilH9. 


Azimuths.      Di  at  an  cm 


Separation  Peak 

Weal  Base 

Clieroke-o  Peak.. 
Rawlins  Peak... 


0         I       .1 

MiUt. 

so  »  39 

9.55470 

li.H*  .",    <A 

2.9*4US 

lttt  \:\  :il 

4.233)9 

207  40  23 

3.71019 

Azimuths  and  distances  from  west  end  c.f  Ratelhis  bane-line  to — 


Not 

es  of  stations. 

Azimutlia. 

Distances. 

12  ai  59 

207  W  25 

243  22  19 
289  53  24 

Jlita. 

Azimuth*  and  dista -ncvn  from  Cherokee  Peak  to — 


Nonius  of  stations. 

Azimuths, 

Distance*. 

16  22  27 
27  03  33 
114  01  M 
123  18  34 
159  37  40 
16S  19  12 
•Ml  33  35 
364  42  :i7 
BB4  19  (B 
342  42  35 

Miles. 

Azimuths  and  distances  from  Rawlins  Peak  to — 


Names,  of  stations. 

Azimuths. 

Distances. 

27  41  52 
29  49  27 
63  25  57 
104  21  36 
155  52  48 
182  44  16 
203  21  15 
260  34  10 

Mile*. 

wnaoH.] 
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Azimuths  cmd  distances  from  Separation  Peak  to — 


Names  of  stations. 

Azimuths. 

Distances. 

Black  Butte  . 

O        1      II 

86  10  37 
106  25  29 
122  59  39 

129  50  57 

130  18  05 
168  53  18 
190  38  07 
192  30  22 
196  19  40 
205  23  00 

209  44  20 

210  33  52 
236  00  47 

Miles. 
73. 0016 

84.5155 

Yellow  Butte 

80.8876 

Atlantic  Peak 

93.4842 

Wind  River  Peak 

115. 6760 

Whisky  Peak 

47.3247 

Seminole  Peak...... 

43. 4797 

West  Base  . ...... 

9.46648 

Cherokee  Peak.... 

12.78933 

Rattlesnake  Peak „ 

40.5068 

Rawlins  Peak. 

13.26133 

East  Base 

19. 55470 

24.789665 

Azimuths  and  distances  from  Mount  Steele  to — 


Names  of  stations. 


Azimuths. 


Distances. 


Separation  Peak  . 

Rawlins  Peak 

Cherokee  Peak ... 
Whisky  Peak  .... 
Seminole  Peak . . . 
Rattlesnake  Peak 


o        I      II 

56  16  42 

80  44  59 

84  55  46 

137  56  16 

156  48  30 

172  16  45 


Miles. 
24.789665 
14. 17113 
17.03304 
44.0687 
31. 4766 
22.9614 


Azimuths  and  distances  from  Seminole  Peak  to — 


Names  of  stations. 

Azimuths. 

Distances. 

O        l      II 

2  45  23 

8  22  40 

10  44  24 

59  37  24 

91  05  59 

102  17  51 

106  00  32 

108  32  53 

303  24  36 

336  38  46 

Miles. 
31. 2515 

30.7754 

43.4797 

Black  Butte 

93.8326 

Yellow  Butte 

75.8750 

17.5406 

93.4844 

101.4509 

Rattlesnake  Peak  . 

11. 1752 

31. 4766 

6Si  effort  uarrai  states  geological  scxvtt. 

Arw.«iJU  art  totmmtmfrtm  WhUtf  Peak  to— 


WlndIU*tTp«k--. 

Wuhakic^cedfe--. 

Arrainulr  Peak 

Battfaauk<-  Peak  „ 

ktoant  Bleek 

Ran1in>  P<-ak 

P«k 

E>pMk   ... 


a  os  m 

FL-«63 

V  33  tl 

se.7«er 

H  >  r. 

AM 

■■•  ■  a  i- 

TtSIM 

.'•■  B  « 

BLOW 

110  0  I? 

HMi 

Bri  <M  » 

tT.StM 

s«- m  a 

3KJ3B 

IB  H  B 

K.ffB 

m  n  h 

36.1S3S 

3*9  16  10 

C.32C 

.liiwKfi*  njid  di*ta»ce$  from  filodt  IJnffc  (o — 


Pilot  Batt* 

HMH  >!■".!■■  .  B  .. 
Wind  River  Pmk 
WM  Atlantic  I'M 
Alh>ntkiv»k.   .. 

YotlowButo- 

Wlii.t.v  Peak  . ... 
Kz-uiiiii'ilr  I'-  -V 

S'-[i:iliilii>!l    l-i.  . 


O         ■       » 

JYila. 

i  >!  ;-  .■' 

39.1795 

in ,..,  ■ 

1MJ 

1£S  IT  55 

8L1561 

171  29  31 

17-;  "i  M 

:.!.;•■  I 

164  53  41  > 

i.'.  Hi 

-ii  i.t  in 

81.K68 

23*  34  46 

saeo* 

965  »  30 

73.0016 

.dztmutfc  and  dwtancex  from  YeUow  Butte  t- 


Names  of  Btal ions.                                   ' 

Aziniul.ha. 

Distance*. 

4  57  02 
32  23  35 
104  08  26 
145  35  51 
149  04  54 
266  46  55 
270  06  12 
293  05  a* 
302  06  32 

49.16«* 

WH40K.] 
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Azimuths  and  distances  from  Wind  River  Peak  to — 


Names  of  stations. 


Pilot  Butte 

Medicine  Butte 

Wyoming  Peak 

Hoback  Peak 

Grosventre  Peak 

New  Fork  Peak 

Mount  Bonneville 

Fremont's  Peak 

Washakie  Needle 

Seminole  Peak 

Whisky  Peak 

Separation  Peak 

Atlantic  Peak - 

West  Atlantic  Peak 

Yellow  Butte 

Black  Butte 


Azimuths. 

Distances. 

O        1      II 

Miles. 

8  57  53 

74.4295 

44  58  23 

130. 9820 v 

85  07  14 

76.5424 

111  01  19 

77.6677 

125  43  02 

68.4280 

130  45  52 

30.8889 

133  48  48 

15. 1240 

139  19  28 

37.9811 

177  03  31 

71.8382 

287  16  15 

101.4509 

288  34  25 

84. 0403 

309  08  12 

115. 6760 

314  28  40 

9.0591 

316  21  36 

8.2752 

325  19  15 

36.9106 

347  54  48 

81. 1561 

Azimuths  and  distances  from  West  Atlantic  Peak  to — 


Names  of  stations. 

Azimuths. 

Distances. 

Pilot  Butte 

O        I       II 

14  27  15 
136  26  19 
285  47  34 
327  57  10 
351  19  26 

Miles. 
69.7145 

Wind  River  Peak  ................ 

8.2752 

Whiskv  Peak  .................... ............ ...... ...... 

76. 8151 

Yellow  Butte 

28.7655 

Black  Butte 

74.2300 

Azimuths  and  distances  from  Pilot  Butte  to— 


Names  of  stations. 

Azimuths. 

Distances. 

O        1       II 

76  33  15 
135  51  11 
172  31  18 
188  48  46 
194  13  16 
194  54  03 
220  51  21 
281  23  20 

Miles. 
83.2074 

W  vomincr  Peak 

93.1334 

Fremont^  Peak 

103. 1706 

Wind  River  Peak 

74.4295 

69.7145 

Atlantic  Peak...... .. 

69.5596 

Essex  Mountain 

30.1534 

Black  Butte.. 

29.1795 

Azimuths  and  distances  from  east  end  of  Bear  River  Valley  base-line  to — 


Names  of  stations. 

Azimuths. 

Distances. 

South  Hill 

O       1       II 

37  37  16 

92  11  33 

93  25  20 
193  02  38 

Miles. 
5.26907 

1.93125 

11.42290 

East  Hill 

1.78661 

666  EEPOBT    UNITED   STATES    GEOLOGICAL   SURVEY. 

Azimuths  and  distant**  from  ices*  end  of  Bear  Biter  ratify  ba»e-iine  to — 


Names  of  starioni. 

AlUDtltlMt 

Hta. 

16  49  40 
93  38  50 
151  33  58 

■at  as  oo 

*;-i.'.  i;  li 
is*  H  .'I 

MiU*. 

Azimuth*  and  distance*  from  Emt  BUI  t 


Same*  of  stations. 

A'.'.riL'.ii.li-. 

DaMM  I 

15  02  56 
31  38  29 
66  27  55 
84  52  53 
120  31  54 
253  55  12 

Milt*. 

Azimuth*  and  distances  from  South  Bill  t< 


Names  of  stations. 

Azi  ninths. 

DiMtillU't:-, 

31  49  on 
120  37  54 

172  34  If* 
196  -l*  » 
211  25  37 
217  34  47 
::■].->  :-.m  >■. 
344  a  50 

Wit*. 

Azimuths  and  distances  from  North  Bili  ft 


Names  of  stations. 

Azimuths. 

Distances. 

17  52  28 
61  16  05 

282  06  13 
300  28  15 
331  32  06 
352  33  24 

Mila. 

WILBON.] 
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Azimuths  and  distances  from  Mount  Preuss  to— 


667 


Names  of  stations. 

Azimuths. 

Distances. 

North  Loeran  Peak 

O        1       II 

28  38  08 

37  21  56 

45  55  58 

65  26  58 

73  58  07 

82  20  36 

102  12  47 

124  26  02 

175  36  27 

187  24  02 

194  33  35 

220  04  49 

256  31  38 

347  19  15 

358  35  17 

Miles. 
45.8766 

25.3845 

South  Hill 

9.95603 

6.44605 

East  Hill .' 

3.  Q7132 
15. 4732 

North  Hill 

8.46704 

56. 3193 

41.4106 

Mount  Baird.. 

60.4054 

Grand  T6ton 

88.9402 

53.3383 

Wvoraiusr  Peak 

32.7850 

80.8307 

36.9430 

Azimuths  and  distances  from  Soda  Peak  to — 


Names  of  stations. 

Azimuths. 

Distances. 

O        1      II 

0  01  16 
9  40  26 
137  15  19 
195  28  12 
202  56  56 
229  00  06 
241  10  29 
258  11  20 
262  08  26 
264  43  31 
273  16  22 
273  31  20 
300  31  25 
334  49  04 
336  29  50 

Miles. 
18. 1137 

North  Louan ...... ...... ................................. 

38.7779 

46.0207 

Caribou  Mountain ........................................ 

45.0267 

Grand  Tdton 

95.8669 

65.6200 

North  Hill 

8.04264 

48. 2040 

Mount  Preuss -. .................. .... ........ 

15. 4732 

East  Hill :.. 

11.85307 

11.42290 

9. 49212 

South  Hill 

9.51761 

38.4687 

83.6183 

Azimuths  and  distances  from  Paris  Peak  to — 


Names  of  stations. 

Azimuths. 

Distances. 

North  Logan  Peak 

O        1      II 

17  56  05 
158  57  40 
180  01  16 
197  46  53 
199  21  43 
211  42  40 
217  09  48 
239  20  09 
315  33  24 
330  20  23 

Miles. 
21. 1414 

Mount  Putnam. 

60.5778 

Soda  Peak 

18. 1137 

North  Hill 

23.0947 

Grand  Te"ton • 

112.7702 

South  Hill 

15.6100 

25.3845 

54.8615 

Lake  View  Peak 

23.3902 

Medicine  Butte 

67.3981 

REPORT  UNITED   STATES  GEOLOGICAL  SURVEY. 
Azimuths  and  distances  from  Wyoming  Peak  to — 


Names  of  stations. 

Azimuths. 

Distances. 

30  13  ae 

46  46  34 
09  57  36 
76  67  00 

;-  i-  .M 
i  ■■:-■.-.  .1 : 

134   IB  II 
173  30  11 
1=4  39  52 
803  00  3f 
S34  33  01 
242  12  41 
204  K  SK 
9U  00  20 
--.'  i:.  .;■• 
310  00  07 

JWilM. 

Azimuths  and  distances  from  Mount  Putnam  to — 


Names  of  stations. 

Azimnths. 

]  >U.i  >■.!!'.(  :.. 

197  43  24 
831  07  67 
242  01  IV 
257  04  05 
263  02  46 
.-■■  33  IKi 

303  48  3f. 
316  60  06 
32rt  32  6rt 
340  38  27 

304  lib  24 

Mitm. 

Azimuths  and  distances  from  Caribou  Mountain  t 


Names  of  statioos. 

Azimuths. 

Distances. 

15  37  53 

77  39  03 

209  38  06 

210  25  46 
256  15  05 
270  41  06 
313  47  10 
355  33  54 

Mitt*. 

66.1869 

WIL60K.J 
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Azimuths  and  distances  from  North  Logan  Peak  to — 


Names  of  stations. 


Azimuths. 


Distances. 


Ogden  Peak 

WillardPeak... 
Mount  Putnam . 

Soda  Peak 

Paris  Peak 

Grand  T6ton.... 
Mount  Preuss  . . . 
Wyoming  Peak  . 
Lake  View  Peak 
Medicine  Butte  . 


o       I      II 

12  22  02 
21  25  07 
160  57  55 
189  35  21 
197  51  01 
199  03  08 
208  20  59 
228  04  08 
261  25  52 
313  53  13 


Miles. 
50.2688 
40. 6216 

•  76. 1431 
38.7779 
21. 1414 

133. 9058 
45. 8766 
72.0881 
23.1380 
55.3868 


Azimuths  and  distances  from  Medicine  Butte  to — 


Names  of  stations. 

Azimuths. 

Distances. 

> 

O        1      II 

78  34  50 
134  23  49 
150  46  07 
156  55  33 
158  21  19 
167  32  56 
22*  46  50 
255  30  40 

Miles. 
51. 8014 

North  Logan  Peak...... .... .... .... .... .... .... ...... .... 

55.3868 

67.3981 

Soda  Peak 

83.6183 

45. 1796 

Mount  Preuss  ............................................ 

80.8307 

Wind  River  Peak 

130.9820 

Pilot  Butte 

83.2074 

% 

Azimuths  and  distances  from  Ogden  Peak  to — 


Names  of  stations. 


Ogden  Observatory 

WillardPeak 

North  Logan  Peak . 
Medicine  Butte 


Azimuths. 


// 


103  14  49 
160  02  34 
192  13  49 
257  56  16 


Distances. 


Miles. 
6.0234 
11.9978 
50.2688 
51. 8014 


Azimuths  and  distances  from  Hoback  Peak  to — 


Names  of  stations. 

Azimuths. 

Distances. 

O       1      II 

4  42  04 

40  32  30 

49  40  01 

84  07  42 

91  11  30 

126  10  09 

165  38  17 

231  32  20 

266  23  23 

276  24  09 

283  35  01 

289  02  30 

Miles. 
33.2638 

53.3383 

Soda  Peak 

65.6200 

81.2946 

37. 5163 

32.7097 

Grand  T^ton 

46. 8308 

21. 9468 

48.2687 

49.9926 

64.1210 

77.6677 

670              REPORT    UNITED    STATES    GEOLOGICAL    SURVEY. 
Azimuths  and  distances  from  2Tow  Fork  Peak  to — 

Names  of  stations. 

Azimuths. 

Distances, 

H2  54  52 
97  04  18 
131  Hi  44 
130  24  n 

170  43  58 

310  26  53 

59.  3103 
49.90UC 
87.3666 

7H.7II1H 
&?446 

:;o.  -  :■ 

Azimuths  and  distances  from  Orosventre  Peak  to — 

Names  of  stations. 

Aritmitlis. 

Di  stances. 

23  16  45 
51  40  20 
76  59  32 
97  37  28 
137  59  34 
107  40  44 
200  31  44 
237  44  ID 
art*  iw  08 
300  50  37 
302  41  16 
3")  M  00 

50.*615 

21.0463 

so.  teas 

43.9557 
42.4430 

69.6232 
51.0740 

eo-Ktas 

32.7521 
37.7566 
53.  «BBI 

Azimuths  and  distances  from  Fremont's  Peak  U 


Names  of  stations. 

Azimuths. 

Distances. 

&6  12  12 

*7  W  58 
109  31  22 
125  68  07 
1CJ  10  30 
SOS  46  fi8 
318  57  36 
322  35  06 
350  40  54 
352  18  20 

SGI*. 

M 
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Names  of  stations. 

Azimuths. 

Distances. 

Q         1        II 

14  51  47 

19  38  38 

19  52  09 

23  27  26 

29  59  01 

.52  03  35 

150  53  06 

178  53  17 

193  57  06 

200  29  44 

207  50  32 

250  06  48 

305  08  02 

309  33  53 

317  35  45 

345  28  34 

353  22  46 

Miles, 
88. 9402 

i  Logan  Peak 

133.9056 

Peak 

112. 7702 

Peak 

95.8669 

on  Mountain 

51. 5591 

87.6219 

jlle's  Peak 

65.1538 

ric  Peak 

87.3273 

t  Wash  burn 

75. 2134 

t  Sheridan 

38.7320 

Peak 

96.7400 

.'sPeak 

49.6353 

nit's  Peak 

73.0860 

?ork  Peak „ 

79. 7018 

entre  Peak ..., 

42. 8420 

;k  Peak 

46.8308 

79. 0212 

Azimuths  and  distances  from  Mount  Sheridan  to — 


Names  of  stations. 

Azimuths. 

Distances. 

1  Teuton 

o     /    // 

20  41  03 
114  42  19 
134  43  49 
163  32  06 
187  17  20 
212  53  04 
300  32  47 
347  28  04 

Miles. 
38.7320 

•lie's  Peak 

49. 7465 

b  Hil gard 

64.2333 

53.2639 

t  Washburn 

36.9970 

Peak 

58. 5345 

's  Peak ........................ 

38.3759 

entre  Peak 

69.6232 

Azimutlis  and  distances  from  SawtelWs  PeaJc  to — 


Names  of  stations. 

Azimuths. 

Distances. 

">  Putnam . ...... .... ...... ...... ...... .... .... ...... 

O        1      II 

18  12  27 
178  19  23 
216  35  35 
224  10  22 
249  07  33 
251  40  23 
294  03  52 
296  36  29 
330  26  11 

Miles'. 
116. 9387 

:-  Hilgard 

24. 4162 

'ant  Peak 

(50. 3740 

ic  Peak ---*■ 

42. 6972 

Peak 

82.0330  • 

;  Washburn ......<. 

52. 3610 

49. 7465 

's  Peak . 

88.0099 

Teuton 

65.1538 

KErORT    UNITED    STATES   GEOLOGICAL    SURVEY. 
Azimuth*  and  distances  from  Mount  Washburn  to — 


J 


Nairn's  of  stations. 

Azimuth  a. 

Distances. 

7  21  Ml 
14  19  34 

Ti  23  ■ 
99  39  47 
lal  M4  •£> 
157  31  13 
■j-ir.  23  ii:. 

333  17  30 

SB.  9970      | 

75.2134 

32.3610 

SHOWS 

84.««0 

34.KJ33 

S9.fl4I 

B2.MM 

Azimuths  and  distances  from  Electric  Peak  to — 

Names  of  stations. 

Azinintlis, 

Di*tauc«. 

44  36  OS 
78  54  m 
199  41  57 
278  08  14 
305  47  24 
343  19  00 
358  51  20 

■tiiM 
31.  IBM 
1B.9IW 
4li.9tS8 

24.4H8U 
53.2U39 
S7.5337 

\ 


REPORT  OF  HENRY  GANNETT,  M.  E.,  TOPOGRAPHER. 


LETTEE  OF  TRANSMITTAL. 

Washington,  D.  0.,  January  21, 1879. 

Sib  :  I  have  the  honor  to  transmit  to  you  herewith  a  short  report  on 
the  geographical  work  of  the  Green  Eiver  division  during  the  field 
season  of  1877. 

The  party,  consisting  of  seven  men,  left  Green  Eiver  City,  Wyo.,  on 
June  1,  and  commenced  work  almost  immediately.  They  continued 
work  until  the  end  o£  September,  losing  but  one  day  during  the  season 
from  bad  weather. 

The  season  was  an  eminently  successful  one,  and  this  success  is  due 
in  no  small  part  to  my  assistant,  Mr.  J.  E.  Mushbach,  who  worked 
throughout  with  his  customary  ability  and  case. 

As  in  previous  years,  my  thanks  are  due  to  Dr.  A.  C.  Peale,  the  geolo- 
gist of  my  party,  for  his  assistance  in  my  own  work. 
With  high  respect,  I  am,  very  truly,  yours, 

HENBY  GANNETT. 

Dr.  F.  V.  Hayden, 

United  States  Geologist. 
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REPORT  OF  HENRY  GANNETT,  M.  E. 


CHAPTER  I. 

METHODS  OF  WORK. 

The  area  assigned  to  the  Green  Biver  division  for  survey  during  the 
season  of  1877  was  approximately  a  rectangle,  limited  in  longitude  by 
the  meridians  of  109°  307  and  112°  007,  and  in  latitude  by  the  parallels  of 
41°  45'  and  43°  007,  embracing  parts  of  Wyoming,  Idaho,  and  Utah,  The 
area  of  this  "  rectangle  "  is  about  11,000  square  miles.  This  district  was 
surveyed,  and  then,  the  season  not  being  ended,  the  work  was  continued 
westward  to  the  meridian  of  112°  307,  making  the  total  area  surveyed 
during  the  season  about  13,000  square  miles.  One  hundred  and  forty- 
seven  stations  were  made  with  the  gradienter,  besides  about  two  hun- 
dred minor  stations  and  locations.  The  number  of  horizontal  angles 
measured  was  9,200 ;  of  vertical  angles  (for  relative  height),  1,960. 

METHODS  OF  SURVEY. 

As  a  basis  for  the  secondary  triangulation  and  topographical  work, 
twelve  points?  fairly  distributed,  were  established  by  the  primary  trian- 
gulation within  or  near  the  district  assigned  me.  The  secondary  trian- 
gulation was  carried  on  by  myself  in  connection  with  the  topographical 
work,  the  instrument  used  being  the  "  gradienter,"  a  compact,  strong, 
theoaolite,  reading  to  minutes.  With  this  instrument  twenty-two  sec- 
ondary stations  were  located  by  closed  triangles,  while  the  other  sta- 
tions were  established  by  incomplete  triangles  and  the  "  three-point 
problem." 

To  illustrate  the  character  of  the  secondary  triangulation,  the  follow- 
ing triangles,  with  their  summing  up,  are  presented.  The  asterisk  after 
the  name  of  a  station  indicates  a  primary  station. 

Angle. 

Soda  Peak* 25Q13' 

Station  108. 19  14 

Paris  Peak* 135  35 

180  02 

Soda  Peak* 100  30 

ParisPeak* ■. 41  28 

Snow  Mountain 38  08 


180  06 


•Station  79  is  the  point  established  by  this  triangle. 
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Angle. 
8000y 

...      43  58 

iso  m 

.      20  23 
.      H  !» 
.      63  00 

180  00 

75  29 

-      57  34 

46  57 

•^ 

180  00 

.      23  16 
.      21  02 
.    135  32 

179  52 

42  2fl 

.      74  33 
.      50  57 

MoontPreoss*  66  19 

Station  55» 3S  03 

Station  38 75  35  . 


Station  135 20  16 

Station  133 110  02 

Snow  Mountain -. 49  45 
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Angle. 

Station  76 51°W 

Snow  Mountain 78  20 

Station  135 44  01 


• 


180  05 


Station  76 23  58 

Station  132 .• 47  09 

Station  135 108  56 


180  03 


Soda  Peak* 20  38 

Snow  Mountain 135  29 

Station  76 s 23  52 


179  59 


Station  119 32  41 

Station  132 69  42 

Station  133 77  41 


180  04 


Soda  Peak* 50  01 

Station  96 86  17 

Station  97 43  42 


180  00 


Soda  Peak* 90  46 

Snow  Mountain 59  54 

Station  121 29  23 


180  03 


Soda  Peak* 26  25 

Snow  Mountain ; 55  29 

Station  117 98  06 


180  00 


Snow  Mountain 40  57 

Station  133 80  09 

Station  117 58  54 


180  00 


Station  76 80  42 

Station  132 22  08 

Station  77 77  12 


180  02 
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•:ir-LT 

.     114  28 
39  13 

180  02 

2U  52 
127  21 
25  43 

179  86 

14  03 

.    126  11 

39  47 

180  01 

20.22 

84.17 

.       75.  U 

179.52 

.      37. 55 
97.51 
44. 24 

180. 10 

Station  73 43. 48 

Station  06 80. 21 

Soda  Peak 55. 55 

180.04 

Gunsight  Mountain 77. 30 

Station  132 51. 40 

Station  121 50. 58 


Station  132 45. 05 

Gunsight  Mountain 98. 09 

Logan  Peak* 36.45 

179.59 

The  mean  error  of  snmming  np  of  the  above  twenty-eight  triangles  is 
three  minutes,  or  one  minute  to  each  angle. 

The  triangles  were  corrected  by  distributing  the  errors  among  the 
angles,  taking  due  account  of  the  circumstances  connected  with  the 
measurements  at  the  different  stations.    On  all  these  stations  monu- 

*Sta1ion  79  is  the  point  establish  ml  by  this  triangle. 
*  Station  78  is  the  point  established  by  this  triangle. 
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mcnts  of  stone,  5  feet  in  height,  were  erected  at  the  time  of  occupation. 
Previous  to  occupation  the  natural  summit  of  the  station  was  sighted. 

The  topography  was  secured  as  usual  by  map  and  perspective  sketches. 
The  former  form  the  basis  of  the  map.  They  were  made  by  eye  on  an 
assumed  scale,  the  distances  and  directions  being  estimated.  The  as- 
sumed scale  of  these  sketches  was  one  mile  to  an  inch.  In  transferring 
these  sketches  to  the  map  in  the  office,  their  inaccuracies  are  corrected 
by  the  exact  location  of  all  important  points,  as  mountain  peaks,  buttes, 
angles  of  plateau,  mouths  and  bends  of  streams,  &c.  In  the  area  sur- 
veyed this  season  (13,000  square  miles),  about  1,000  points,  besides  the 
350  stations  and  substations,  were  located  by  intersections  of  sight- 
lines,  making,  with  the  stations,  a  located  point  in  every  10  square 
miles. 

Elevations  were  measured  by  the  mercurial  barometer,  aneroids,  and 
the  vertical  arc  of  the  gradienter.  During  the  season,  base  barometric 
observations  were  taken  at  the  adjutant's  office  at  Fort  Hall,  Idaho. 
The  height  of  this  point  was  determined  by  the  computation  of  coincident 
barometric  observations  for  four  months  at  this  point  and  Corinne,  Utah. 
Through  the  kindness  of  the  Chief  Signal  Officer  of  the  Army,  the 
barometric  observations  at  Salt  Lake  City  also  were  furnished  me  for 
use  as  base  observations. 

The  heights  of  the  camps,  where  more  or  less  extended  series  of  ob- 
servations were  taken,  were  determined  by  direct  reference  to  the  base 
stations.  The  camps  ranged  in  height  from  4,500  to  7,000  feet,  only  one 
or  two  exceeding  the  latter  height ;  hence  in  these  cases  there  was  lit- 
tle room  for  error  due  to  the  defects  in  the  barometric  formula.  The 
heights  of  stations  were  determined  by  barometric  reference  to  the 
camps  at  their  bases,  and  by  vertical  angles  with  the  gradienter  from 
them,  and,  in  addition,  the  stations  were  connected  with  one  another  by 
a  complex  system  of  vertical  angles,  in  such  a  way  that  their  relative 
heights  were  known,  and  thus  all  barometric  measurements  were  reduced 
to  a  common  point,  so  that  the  height  of  each  station  was  a  mean  of  all 
barometric  measurements  of  stations.  The  heights  of  all  located  points 
were  measured  by  dip  angles.  The  heights  of  points  of  minor  impor- 
tance were  measured  by  aneroids,  and  referred  for  computation  to  the 
nearest  camp.  Aneroids  were  compared,  every  morning  and  evening, 
with  the  mercurial  barometer. 

From  the  perspective  sketches,  aided  by  these  measured  heights 
(which  number  in  the  aggregate  more  than  1,500).  the  distribution  on 
the  map,  of  contours  200  feet  apart  vertically,  has  oeen  effected  with  a 
considerable  approach  to  accuracy. 
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LATITUDES,  LONGITUDES,  AND  ELEVATIONS  ABOVE  SEA-LEVEL. 

Table  L — Towns,  fc 


Bennington,  Idaho 

Black  Rook,  Idaho 

Bloomington,  Idaho 

Carpenter's  Station,  Idaho 

Clarkson,  Utah 

Clifton,  Idaho 

Fish  Haven,  Idaho 

Fort  Hall,  Idaho 

Franklin,  Idaho 

Georgetown,  Idaho 

Hampton's  Bridge,  Utah 

Hyde  Park,  Utah 

Keeney's  Stage  Station,  Idaho. 

Laketown,  Utah 

Liberty,  Idaho 

Logan,  Utah 

Malade  City,  Idaho 

Meadowville,  Utah 

Montpelier,  Idaho 

Mornstown,  Idaho 

Newton,  Utah 

Oneida,  Idaho 

Oneida  Salt  Works,  Idaho 

Ovid,  Idaho 

Oxford,  Idaho 

Packer's  Bridge,  Idaho 

Paris,  Idaho 

Plymouth,  Utah 

Pocatello  Stage  Station,  Idaho. 

Portage,  Utah 

Bed  Bock  Ranch,  Idaho 

Richmond,  Utah 

Ross  Fork,  Idaho*. 

Saint  Charles,  Idaho 

Samaria,  Idaho 

Smithaeld,  Utah 

Soda  Springs,  Idaho 

Weston,  Idaho 


Latitude. 


42 
42 
42 


22 
48 
11 


41 
42 
42 


64 

13 
02 


42  01 

42  28 

41  47 

41  48 


Longitade. 


41 
42 
41 
42 
41 
42 
42 
41 


60 
19 
44 
11 
60 
20 
89 
61 


42 
42 
42 
42 
42 
41 


48 
17 
16 
07 
13 
62 


41  58 

42  86 
41    66 


42 
42 
41 
42 
42 


07 
07 
50 
89 
02 


111  18 

112  19 
111    26 


112  03 
112  02 
111    24 


111  49 

111  22 

112  07 
111  50 


111  20 

111  28 

111  51 

112  16 
111  24 
111  17 

111  87 

112  00 


Elevation. 


Ill  05 

111  24 

112  01 
111  57 

111  25 

112  10 


112  16 
112  03 
111  50 


111  23 

112  20 

111  60 
1U  36 

112  00 


Feet 
a5,7J8 

6,600 
05,9*5 
o4  666 

4,800 
o4,893 
05,932 

4,783 
64,616 

6,800 
04,300 

4,500 
04,938 
06,000 

6,060 
64,609 
04,700 

6,200 
o5,793 

5,700 
o4,600 

5,700 

6,300 
05,760 
o4,862 

4,600 
o5,836 

4,500 
o4,512 

4,700 
64,792 
64,537 
o4,394 
05,932 

4,800 
64,565 
65,779 

4,600 


o  Authority  is  Hayden's  Report  for  1871  or  1872. 


6  Authority  is  railroad  levels. 


Table  II. — Mountains. 


Latitude. 

Longitade. 

Elevation. 

WYOMING  BANGS,  WYOMING. 
13—45 

O        1         II 

42    25    20 

29  20 

30  20 
80    20 
80    80 

30  40 

31  30 
82    30 

32  50 

33  20 

O         1         II 

110    89    30 
80    00 
34    10 
42    20 
26    10 
38    00 
34    00 
87    20 
37    20 
37    20 

Feet 
9,940 

9,959 

23—46 

10, 575 

9,839 

Station  47 

10,043 

21—45 

10,039 

24—45 

9,925 

1—48 , 

10, 776 

2—48 

10,990 

10,972 
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Table  II.— itouala in s— Continued. 


■  B1KBI.  WTOBDIC— Cot  lino  Ml. 


w— ».. 


S3— M 

Vinrtoii  l'iiii ' ! 


Ml_jj     ... 
>■  n'„.: 


g~l 


tSz 


!    II 


SS:: 


sat 


§ 


*t*it.«  in 


BUtlmlM 

Huilnn  101  .'.'.'.'..'.'.'.'.'.'.'.'.'.'.'.'..'.. 

*T«Unn  MS. 

*••<—.  im  -Uk-  Vlf  -  PmU.. 

»-]■« 
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Table  I!.— Mouii lain •— C out iiiued. 


Latitndu. 

Longitude. 

»,,.,„.. 

BlTWBES  THE  bm  VAI.LKT  OF  Till  DK«B  RTV1U1  AHDUEAB  UKB. 
UTAH  AND  IDAHO— Cuo  tin  unl. 

43    2  so 

1    41 

a  « 

7    JO 
7    60 

21    80 
23    «:. 

5a   ]ii 

27    M 

;w  30 
So  «'. 

8J    16 

84    IB 

31    *.'U 
34    30 
34    40 

36  i» 
SB    40 

r.J  40 

86  40 

37  00 

38  00 
38    80 

40    00 

40  46 

41  48 
44    00 
44    30 

46    00 

15  80 

so  so 

87  SO 

80    80 
89    IS 

it  oo  oo 

S    48 
4    00 

7  16 

8  48 

0    40 

11    30 

14  00 

16  40 

15  00 
IB    20 

1)1  '  1    20 
1    48 

i  a 

14    10 

Mil      ivj      40 

11-      N"     (JO 

1    30 

ill    r,»   :w 

54    00 

87  40 
64    30 

S4    00 

80    40 

88  18 

BS    30 

87    10 

87  SO 

88  10 

88    0(1 
113    07    00 

8    20 

,       8    20 

B    SO 

8    20 

7  60 

3  00 

OS    00 

8  10 

a  so 

4  00 

5  DO 

F«m. 

| 

fobthelv  rasok,  uiaho. 

| 

os™ 

II,  US 

0,772 

lUUIH  KASCE,  DETWIEN  CACHE  AMI  MALAOE  VALLXYB,  UTAH  AND 

i 

8,607 
8,805 

S,SM 
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ORMIII 


tz 


TxBUt  ILL— JW$ll  of  tit  liMbn-  lime 

XMfcM* 

Xfenttaa, 

a  is  h 

*»    M 

41    M    M 

fat 

The  limit  of  Umber  in  the  Salt  River  Range  seems  to  lie  Abnormally 
low.  lu  Mid  Wyoming  Range  it  agrees  quite  closely  with  the  hight  in 
other  mime*  in  tin-  wwne  lat.it.ntle. 

Xo  ueatttt  lu  tlie  bear  Eiver  Range  are  above  the  limit  of  timber,  Mid 
the  peaks  in  the  other  ranges  iu  this  rectangle  do  not  reach  it. 

Table  IT. — IXvida  andpattet. 

Thompson's  Pom,  Wyoming  Range,  Wyoming 6,686 

HcDoagal'fl  Pans,  Salt  River  Range,  Wyoming 9,300 

McDongal's  Gap,  Wyoming  Range,  Wyoming 8,30 

Divide  on  Lander's  road  from  Smith's  Fork  of  Bear  River  to  Labarge  Creek, 

Wyoming 8,9H 

Divide  between  C[ow  and  Smoking  Creeks,  Idaho . 6,  690 

Divide  on  Lander's  road  between  Smoking  Creek  and  Blackfoot  River,  Idaho.  7,255 

Divide  on  Lander's  road  between  Blackfoot  River  and  John  Day's  Lake,  Idaho.  6,800 

Hi  villi:  on  Lander's  road  between  Blackfoot  and  Portnenf  Rivera,  Idaho 6,10 

Divide  between  the  Upper  Portnenf  and  Roes  Fork,  Idaho 6.430 

Divide  on  the  trail  from  Laketown  to  Logan,  over  the  Bear  River  Range. 

Utah 7,15) 

Divide  on  the  trail  from  Bloomington  to  Franklin,  Idaho,  over  the  Bear  River 

Range 8,830 

Divide  on  the  road  from  Ovid  to  Gentile  Valley,  Idaho,  over  the  Bear  River 

Range 7,389 

Malado  Divide 5,680 

Red  Rock  Gap  (railroad  levels) 4.T9J 

Divide  between  the  Bear  and  (Blackfoot  Rivers,  north  of  Soda  Springs  (rail- 
road levels) 6,SM 
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Table  V. — Approximate  latitudes,  longitudes,  and  elevations  of  important  stream  junctions. 


Month  of  Little  Sandy  Creek 

Mouth  of  Big  Sandy  Elver 

Mouth  of  Slate  Creek 

Mouth  of  Fontenelle  Creek 

Mouth  of  Labarge  Creek 

Mouth  of  Piney  Creek 

Mouth  of  Bittcrroot  Creek 

Mouth  of  White  Clay  Creek 

Mouth  of  Feather  Creek 

Mouth  of  Marsh  Creek .... 

Mouth  of  Horse  Creek 

Month  of  Lead  Creek 

Month  of  New  Fork  of  the  Green 

Mouth  of  Willow  Creek 

Mouth  of  Smith's  Fork 

Mouth  of  Thomas*  Fork 

Mouth  of  Twin  Creek  (Upper) 

Mouth  of  Twin  Creek  (Lower) 

Mouth  of  Crow  Creek 

Mouth  of  South  Fork  of  Blaokfoot  River 

Mouth  of  Little  Blackfoot  River 

Mouth  of  Cub  River 

Mouth  of  Logan  Fork 

Mouth  of  Blacksmith's  Fork 

Mouth  of  Marsh  Creek 

Mouth  of  Deep  Creek , 

Mouth  of  High  Creek , 

Mouth  of  Muddv  Creek 

Mouth  of  John  Day's  River 

Mouth  of  Salt  River 

Mouth  of  Glacier  Creek 

Mouth  of  MoDougaTs  Creek 

Mouth  of  Sin', king  Creek 

Mouth  of  Little  Malade  River 

Mouth  of  Mill  Creek ,, 

Mouth  of  Devil  Creek 

Mouth  of  Battle  Creek 


Latitude. 


O  I  II 

42  06  00 

41  50  30 

42  00  00 
42  04  30 
42  13  00 
42  31  30 
42  31  40 
42  31  45 
42  24  00 
42  41  00 
42  52  20 
42  59  20 
42  34  00 
42  51  00 
42  05  20 
42  12  20 

41  48  40 

42  27  50 
42  43  40 
42  45  45 
42  54  00 
41  53  40 
41  48  00 

41  43  00 

42  46  30 

42  07  15 
41  66  30 

41  44  00 

43  10  00 
43  10  00 

42  53  00 
42  52  00 

41  48  00 

42  07  00 
42  05  00 
42  05  00 
42  08  30 


Longitude. 


o  I  II 

100  27  80 

109  48  00 

110  02  00 
110  08  80 
110  09  30 
110  04  30 
110  04  20 
110  04  00 
110  05  30 

109  59  00 

110  03  30 

110  08  00 

109  58  30 

111  65  00 

110  69  00 

111  04  30 
111  03  45 
111  24  00 

110  58  40 

111  25  30 
111  37  00 
111  53  20 
111  68  00 

111  52  30 

112  14  00 
111  56  30 
111  50  00 
111  57  00 
111  01  00 
111  04  00 
111  50  00 

110  43  00 

111  00  00 

112  18  00 
112  16  00 
112  17  00 
111  65  00 


Elevation. 


Feet 
6,519 
6,240 
6,500 
6,620 
6,650 
6,815 
6,820 
6,825 
6,686 
6,976 
7,180 
7,383 
6,900 
5,450 
6,223 
6,125 
6,300 
5,939 
6,313 
6,350 
6,100 
4,425 
4,375 
4,500 
4,600 
4,480 
4,500 
4,400 
5,400 
5,383 
5,800 
6,761 
6,000 
4,625 
4,600 
4,600 
4,498 


Table  "VX — Slopes  of  streams. 


From  mouth 
of  Big  Sandy. 


GREEK  RIVER. 

Mouth  of  Lead  Creek 

Bend 

Mouth  of  New  Fork 

Mouth  of  Piney  Creek 

Mouth  of  Feather  Creek 

Mouth  of  Fontenelle  Creek 

Mouth  of  Big  Sandy  River 

BBAB  RIVER. 

AtEvanston,  Wyo 

Bend 

Mouth  of  Smith's  Fork 

Foot  of  canon  (enter  Bear  Lake  Valley) 

Soda  Springs.  Idaho , 

Bend  below  Sheep  Rock 

Next  Bend 

Heed  of  canon  at  foot  of  Gentile  Valley... 

Foot  of  cafion  at  foot  of  Gentile  Valley , 

Mouth  of  Battle  Creek 

Head  of  Gates    , 

Hampton's  Bridge 
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Moot  of  the  above  latitudes  and  longitudes  are  approximate,  having 
been  scaled  off  from  tbe  map. 


Chapter  hi. 


PHYSICAL  FEATUEES. 

TLc  district  is  drained  by  the  Green,  Snake,  and  Bear  Rivers  and  their 
branches.  The  areas  drained  respectively  by  these  three  streams  are 
as  follows :  Green  River,  5,223  square  miles  5  Bear  River,  4,898  square 
miles ;  and  the  Snake,  2,879  square  miles. 

The  area  is  characterized  by  broad  meridional  valleys,  separated  by 
short,  mainly  simple  mountain  ranges.  There  is  a  veiy  noticeable  ab- 
sence of  timber ;  it  is  only  on  the  dopes  of  the  higher  mountain  ranges 
that  any  is  found,  while  not  only  the  valleys  but  the  hills  and  many  of 
the  mountain  ranges,  especially  in  the  western  part,  are  treeless.  The 
Wyoming,  Salt  River,  and  Bear  River  Ranges  comprise  practically  all 
the  timbered  areas.  There  is  abundant  pasturage  of  the  best  quality, 
not  only  in  the  valleys,  but  over  the  hills  and  the  minor  mountain 
ranges.  Except  in  the  caseof  the  Green  River  Basin,  where  all  the  waters 
cannot  be  used,  the  amount  of  arable  land  is  measured  by  the  quantity 
of  water  available  for  irrigation. 

On  Smoking  Creek,  a  large  western  branch  of  Salt  River,  are  exten- 
sive deposits  of  salt,  to  which  the  river  owes  its  names. 

DRAINAGE  ABEA  OF  GREEN  BIVEB. 

Green  River,  one  of  the  forks  of  the  Colorado  of  the  West,  rises  in  the 
western  slopes  of  the  Wind  River  Mountains,  near  Union  Pass,  and  pur- 
sues a  general  southerly  course  to  its  junction  with  the  Grand.  It  flows 
from  north  to  south,  in  general  course,  across  the  district  ufider  consid- 
eration, in  a  broad  valley  known  as  the  Green  River  Basin.  Of  that 
portion  of  its  drainage  area  with  which  we  are  here  concerned,  this  basin 
forms  the  larger  part,  though  the  tributaries  of  Green  River  extend  some 
distance  into  the  mountains  on  either  side. 

THE  GREEN  EIVEB  BASIN. 

Extending  from  latitude  43°  southward  to  the  Uinta  Mountains,  and 
from  the  Wind  River  Range  westward  to  the  Wyoming  Range,  is  a  broad- 
valley,  with  a  surface  generally  flat  and  unbroken,  semi-desert  in  char- 
acter, with  a  gravel  or  clay  soil.  Its  length  is  about  140  miles,  its  mean: 
breadth  75  miles,  and  its  area  about  10,000  square  miles. 

On  the  northwest  the  Basin  rises  to  a  rim,  beyond  which  the  country 
breaks  off  abruptly  to  a  much  lower  level,  forming  the  valley  of  Hoback's 
River,  a  large  branch  of  the  Snake.  North  of  this  valley  rises  the  mag- 
nificent wall  of  the  Gros  Ventre  Range,  trending  northwest  and  connect- 
ing the  Wind  River  and  Wyoming  Ranges.  The  Wind  River  Range, 
trending  north -northwest,  limits  the  Basin  on  the  east  as  far  south  as  the 
South  Pass.  Beyond  this  range  to  the  southward  the  Basin  has  no  well- 
defined  eastern  limit,  but  merges  gradually  into  the  sterile  plateaus  which 
form  the  Continental  Divide.    On  the  south,  the  transverse  range  of  the 
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Uinta*  forma  the  boundary,  through  which  the  Green  River  wind*  in  deep 
gorges.  The  southern  half  of  the  we*ttm  limit  is  as  ill-defined  anna  the 
east,  the  land  ruing  gradually  to  a  plateau  which  separates  the  Grvea 
from  tbe  drainage  of  the  Bear.    Proceeding  north,  this  plaigM  rises, 

become*  cut  into  long,  narrow,  meridional  rtdge*,%hirh  I  have  named  the 
"Absaroka  Ridge*,"  and  which,  farther  north,  are  eroded  into  mountaina, 
forming  what  in  known  as  the  Wyoming  Range.  At  tbe  cast  base  of 
this  range,  tbe  lip  or  rim  of  the  basin  is  very  strongly  carted,  piping 
gradually  down  to  the  valley  on  tlie  east  and  breaking  off  abrnptly  on 
the  wettt,  leaving  a  narrow  meridional  valley,  crossed  by  numerous 
branchc*  of  the  fin-en  between  the  rim  and  the  mountains.  Within  my 
district,  the  Green  occupies  a  position  several  miles  west  uf  the 
line  of  the  Basin. 

In  the  up|n-r  part  of  the  Basin,  the  Green  receives 
branches.  .Most  of  the  streams  from  the  western  slope  of  tbe  Wind 
River  Mountains  collect  into  one  large  river,  tbe  New  Fork,  fordable 
with  difficult  v  even  at  low  stages  of  the  water.  This  joins  tbe  main 
stream  in  latitude  OP  31'  00";  longitude  109°  ay  30".  Tbe 
this  upper  part  of  the  Basin  is  devoid  of  timber,  bnt  well  g 
watered.  The  soil,  however,  is  gravelly,  and  tbe  elevation  is 
to  allow  it  to  be  used  for  agriculture,  or  for  a  cattle  range, 
summer. 

From  the  Wyoming  Range  ami  the  Alusaroka  Ridges,  which  may  be 
considered  as  its  southern  extension,  tbe  Green  receives  numerous  largo 
branches,  which,  after  tortuous  courses  through  the  mountain  canons,  cut 
their  way  through  tbe  rim  of  the  Basin  and  tbenee  meander  peacefully 
eastward  to  join  the  main  stream.  The  principal  of  these  western 
branches  of  the  Green,  commencing  at  the  north,  are  Lead,  Horse. 
Marsh,  White  ('lav.  Hitterroot,  Pinev,  La  Barge,  Fonienelle,  and  Slate 
Greeks,  and  Ham's  Fork.  All  these  streams,  with  the  sole  exception  of 
Slate  Greek,  carry  considerable  water  throughout  the  year.  Lead  and 
White  Clay  Creeks  are  the  only  ones  of  these  which  do  not  reach  the 
mountains,  and  they  are  the  only  ones  of  these  western  branches  of  tbe 
Green  which,  heading  in'  the  Basin  rim,  are  constant  runners.  In  July 
the  former  is  about  6  feet  in  width,  6  inches  in  depth,  and  carries  not 
more  than  10  cubic  feet  of  water  per  second.  This  creek  enters  the 
Green  on  tbe  north  line  of  my  district.  Above  arid  below  its  month  the 
Green  is  a  rapid,  clear  stream,  with  a  current  of  about  5  feet  per  sec- 
ond. On  either  side,  the  country  stretches  back  in  great  level  expanses 
but  slightly  raised  above  the  river,  occasionally  varied  by  hill-masses. 
The  soil  is  gravelly,  with  low  sage  and  some  grass.  The  river  flows 
south  for  6  miles,  then  turns  east  and  hugs  closely  the  base  of  a  group 
of  hills,  the  remains  of  a  high  bench,  on  the  left  Near  the  foot  of  this 
eastern  bend,  Horse  Creek  joins  it. 

Tbe  country  between  Lead  and  Horse  Creeks  is  mainly  flat,  but 
diversified  to  some  extent  by  the  remains  of  benches  of  a  higher  level. 

Horse  Creek  is  one  of  the  largest  of  these  western  branches,  car- 
rying, in  July,  nearly  200  cubic  feet  of  water  per  second,  and  fordable 
in  high  water  with  the  greatest  difficulty.  It  drains  quite  a  large 
area  of  tbe  Wyoming  Range,  collecting  all  its  small  affluents  into 
two  main  branches  in  the  valley  behind  the  Basin  rim ;  these  two  forks 
break  through  tbe  rim,  uniting  in  the  basin  several  miles  above  the  month 
of  the  creek.  For  four  or  five  miles  this  stream  and  tbe  Green  flow 
side  by  side  in  the  same  broad  bottom-land  before  uniting,  forming 
one  of  the  finest  areas  of  meadow-land  on  the  river.  Here  both  streams 
are  very  sluggish  and  winding,  with  many  sloughs,  backwaters,  chau- 
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nels,  and  islands.  Two  or  three  miles  below  the  month  of  Horse 
Creek  the  river  turns  again  to  the  south  and  its  velocity  increases. 
Throughout  its  course,  as  far  as  it  has  fallen  under  my  observation  in 
the  Basin,  an  eastern  or  western  course  is  accompanied  by  a  marked  de- 
crease in  velocity.  It  is  bordered  on  the  left-hand  side,  as  far  down  as 
the  mouth  of  Slate  Creek,  by  a  high  bench  200  to  300  feet  above  the 
river,  the  normal  level  of  the  interior  of  the  Basin.  In  most  places  the 
edge  of  this  bench  is  bluff,  sometimes  precipitous,  but  in  certain  places 
presents  easy  slopes  to  the  river.  Throughout  the  greater  part  of  the 
distance  its  edge  is  two  or  three  miles  back  from  the  river,  but  in  places 
the  river  flows  close  under  its  bluff  wall. 

As  we  go  south  from  Horse  Creek,  the  country  becomes  more  undu- 
lating and  hilly,  with  buttes,  bluffs,  &e.,  the  remains,  as  above,  of  higher 
formations.  It  becomes,  also,  more  forbidding  in  aspect.  Patches  of 
snow-white  alkali  diversify  the  yellow  surface;  the  sage  becomes  more 
stunted,  and  cacti  are  seen  more  frequently.  Marsh  and  White  Clay 
Creeks  flow  through  this  country.  The  former  stream  carries  about  100 
cubic  feet  of  water,  which,  near  its  month,  is  decidedly  alkaline.  It  col- 
lects its  tributaries  behind  the  rim  of  the  Basin,  through  which  it  forces 
its  way.  The  latter  stream  heads  in  the  basin-rim.  It  is  a  small  stream, 
flowing  in  a  deep  arroyo  cut  in  the  stiff  clay  which  here  forms  the  soil. 
The  water  is  thick  and  white  with  alkali,  and  utterly  unfit  to  drink. 

At  the  month  of  the  New  Fork  the  Green  turns  nearly  west,  flowing 
in  this  course  for  about  seven  miles,  then  turns  abruptly  to  the  south 
again.  At  this  bend  it  receives  the  contributions  of  White  Clay,  Bit- 
terroot,  and  Piney  Creek.  The  last  two  are  good-sized  streams  of  clear, 
sweet  water,  each  delivering  about  100  cubic  feet  per  second  in  July. 
They  come  from  the  Wyoming  Range,  and,  like  Marsh  and  Horse  Creeks, 
collect  their  waters  in  the  meridional  valley  back  of  the  basin-rim.  The 
country  between  and  about  them  is  much  more  uniform  than  farther 
north,  and  there  is  a  decided  decrease  in  the  amount  of  alkali,  accom- 
panied by  a  change  for  the  better  in  the  character  of  the  vegetation. 

Below  the  mouth  of  Horse  Creek,  the  Green  is  in  a  bottom-land  from 
one  to  two  miles  in  width,  but  narrowed  in  some  places  by  the  advance 
of  the  bluffs.  This  bottom  is  limited  on  the  west  by  low  bluffs,  perhaps 
50  feet  in  average  height.  Opposite  the  mouth  of  New  Fork  these  bluffs 
increase  in  height  until  they  rival  those  on  the  east  side  of  the  river,  but 
almost  immediately  break  away  and  disappear,  and  at  the  bend  where 
the  Bitterroot  and  Piney  enter  there  are  no  bluffs  whatever.  The  bot- 
tom-hinds of  the  river  contain  no  timber  except  cottonwood,  which  form 
an  almost  continuous  belt  of  fine,  large  trees. 

Following  the  river  down,  we  find  it  preserving  an  almost  southerly 
course,  with  broad  bottoms  containing  magnificient  groves  of  cotton- 
wood  and  richly  carpeted  with  grass.  Between  the  Piney  and  the  La 
Barge,  a  distance  of  25£  miles,  the  only  water  entering  the  river  is  a  wet- 
weather  stream,  known  as  Feather  Creek.  The  country  west  of  the 
river  has  become  more  broken.  Great  masses  of  plateau,  with  clean, 
sharp-cut  edges  appear,  and  back  of  them  a  long  mountain  ridge,  trend- 
ing south,  and  known  as  La  Barge  Mountain,  becomes  a  prominent  ob- 
ject in  the  landscape.  It  stands  a  few  miles  east  of  the  Basin-rim  and 
rises  to  an  equal  height  with  it.  In  its  northern  end  heads  Feather 
Creek,  while  past  its  southern  end  La  Barge  Creek  flows,  collecting  the 
drainage  of  that  part  of  the  mountain. 

La  Barge  and  Fontenelle  Creeks  are  considerable  streams,  the  former 
carrying  about  75,  the  latter  about  50,  cubic  feet  per  second.  They  head 
in  the  Absaroka  Ridges,  which  form  the  southern  continuation  of  the 
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Wyoming  Range.  Nearly  all  of  their  upper  branches  flow  southerly,  in 
narrow  valleys  between  these  ridges,  cutting  across  tbem  in  short,  clone 
canons,  and  collecting  against  the  ba>in  rim  to  force  their  way  through  Si. 

In  its  course  across  the  basin,  La  Barge  Creek,  after  passing  La  Barge 
Mountain,  is  bordered  on  the  north  by  low,  flat  country,  but  on  i  be  south 
the  land  rises  immediately  into  a  plateau  * liiib  separates  it  from  Fonte- 
nelle Creek,  and,  extending  down  to  Green  River,  breaks  off  in  a  bbuT 
edge.  This  plateau,  far  from  presenting  a  uniform  surface,  is  cat  into 
Hhreds  by  erosion.  A  small  alkaline  creek  flows  from  it  into  tbe  Green 
between  La  Barge  and  Fontenelle  Creeks.  The  Green  makes  a  short 
offset  to  the  east  just  below  the  mouth  of  this  small  creek,  and  another 
at  the  mouth  of  the  Fontenelle. 

Fontenelle  Creek  is  so  named  after  one  of  the  best  known  of  the  early 
fur  traders  of  this  region.  Jt  flows  in  auarrow  valley,  bordered  on  cither 
side  by  low  bluffs,  which  rise  to  a  plateau  level,  covered  with  sage, 
among  which  grass  is  sparingly  distributed. 

81ate  Greek  is  a  small  iilkaline  stream  inncb  vexed  by  beaver  dams. 
It  rises  just  outside,  the  basin-run,  cuts  a  canon  through  it  vastly  out  of 
proportion  io  its  size,  and  thence  flows  east  to  the  Green,  on  the  top  of 
the  plateau,  which  here  has  become  depressed  to  the  general  level  of 
tbe  drainage.  Near  its  mouth  Green  River  emerges  from  between  (he 
broken  bluff'  walls  in  which  it  has  been  confined  below  the  mouth  of 
Ii»  Barge  Creek,  and,  turning  southeast,  flowsofl'  to  join  tbe  Big  .Smnlv. 
Though  confined  aboie.  by  bluff  walls  20(1  to  300  i'eet  in  height,  the 
river  has  broad  and  beautiful  bottomlands,  green  with  grass  and  cot- 
ton wood  groves,  in  this  section,  from  the  La  Barge  to  Slate  Creek.  Be- 
low the  latter  the  bluff's  are  low,  and  in  places  entirely  wanting,  while, 
the  river-bottom  preserves  its  character  of  breadth  aud  fertility  to  the 
south  line  of  my  district. 

Tbe  country  west  of  tbe  river  and  south  of  Slate  Creek  is  scarcely 
broken,  except  by  dry  water-courses  and  one  or  two  long  lines  of  low 
bluff's,  until  Ham's  Fork  is  reached,  on  the  south  line  of  the  area  under 
consideration.  This  stream,  which  in  high  water  is  scarcely  foi-dable,  in 
the  fall  of  the  year  dwindles  to  an  insignificant  creek.  In  its  drainage 
area  and  length,  however,  it  exceeds  any  of  the  other  western  branches 
of  tbe  Green  which  we  have  considered.  It  heads  in  and  west  of  the 
meridional  ridges,  its  main  stream  reaching  behind  and  as  far  north  a* 
the  sources  of  the  Fontenelle.  After  flowing  southward  through  a 
broad  basin  in  the  hills  for  many  miles,  it  turns  eastward ;  cuts  its  way 
ant  into  the  Green  River  Basiu;  there  it  flows  nearly  southeast',  and 
finally,  after  a  course  of  nearly  40  miles  in  the  basin,  it  unites  with 
Black's  Fork,  at  Granger,  a  station  on  the  Union  Pacific  Railroad. 

Tbe  Big  Handy  is  tbe  first  stream  to  enter  the  Green  from  the  east 
below  the  month  of  the  New  Fork,  in  a  distance  of  63  miles;  It  is  at 
the  mouth  a  large  stream,,  fordable  with  difficulty  at  high  water,  and  at 
a  medium  stage  carrying  about  200  cubic  feet  per  second.  It  draws  all 
its  water  from  the  Wind  River  Mountains,  its  farthest  source  being 
against  the  most  southerly  branches  of  the  New  Fork.  The  stream 
leaves  tbe  mountains  as  a  full-grown  river  but  a  few  miles  south  of 
Willow  Creek,  and  immediately  turns  to  the  south,  flowing  down  the 
east  side  of  the  valley  quite  close  to  the  base  of  the  mountains.  For 
many  miles  it  receives  no  tributaries  of  any  importance  from  the  east, 
and  throughout  its  course  none  whatever  from  the  west.  Indeed,  the 
only  branch  of  any  importance  which  it  receives  outside  of  the  mount- 
ains is  the  Little  Sandy,  a  small  stream  from  the  southern  end  of  toe 
Wind  River  Range.  .     .  .  .  . 
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"  The  Big  Sandy  Is  of  small  importance  in  an  economic  point  of  view. 
Its  waters  can  be  used  in  irrigation  only  to  a  very  limited  extent,  as  it 
is  in  low  rock  caiion  through  a  great  part  of  its  length,  and  its  bottoms, 
where  there  are  any,  are  very  narrow. 

The  country  south  of  the  lower  course  of  this  stream  and  east  of  Green 
River  is  a  desert  without  possibility  of  amelioration  through  human 
agencies.  The  soil  is  drifting  sand,  alkaline  clay,  baked  smooth  and 
hard,  or  loose,  friable  clay,  produced  by  the  disintegration  of  masses  of 
"  bad  land."    Water  can  by  no  possibility  be  brought  to  it. 

Farther  up  the  Big  Sandy,  the  strip  lying  between  the  stream  and 
the  foothills  of  the  Wind  River  Range  shows  in  the  natural  state  a  de- 
cided improvement.  Sage  is  the  predominating  growth,  as  every  where, 
but  some  fine  bunch-grass  is  to  be  found  in  it.  There  is,  however,  no 
possibility  of  irrigating  it. 

The  great  area  lying  between  the  Big  Sandy  and  the  Green,  an  area 
30  miles  in  width  and  at  least  60  in  length,  is  entirely  without  water. 
Like  the  Great  Plains,  it  is  not  perfectly  level,  but  slightly  rolling,  ris- 
ing and  sinking  in  long  swells.  This  is  the  plateau,  or  bench,  which  on 
the  west  edge  breaks  off  in  bluffs  to  the  Green.  This,  also,  as  far  as 
being  of  use  to  man  is  concerned,  is  a  desert,  as  water  cannot  be 
economically  brought  up  on  its  surface.  Sage  is  everywhere  abundant, 
but  grass  is  very  scarce.  It  may  be  fair  to  suppose  that  here  the  fugi- 
tive name  "Great  American  Desert,"  after  having  been  driven  half 
way  across  the  continent,  has  at  last  found  a  resting  place. 

THE  WYOMING  RANGE. 

This  range  lies  west  of  the  northern  part  of  the  Green  River  Basin ; 
southward,  it  runs  out  into  long  north  and  south  ridges,  which  gradually 
decrease  in  elevation,  merging  into  the  plateau  about  the  head  of  the 
"  Muddies."  It  is  limited  On  the  west  by  the  canon-like  valley  of  John 
Day's  River,  a  large  tributary  of  Snake  River.  Its  length,  considering 
its  southern  end  to  be  at  Thompson's  Pass,  is,  within  this  district,  about 
35  miles,  while  its  average  breadth  is  about  8  miles.  Most  of  the  drain- 
age of  the  range  goes  off  to  the  eastward  into  Horse,  Marsh,  Bitterroot, 
and  Piney  Creeks,  while  on  the  west  side,  along  most  of  its  length,  it 
presents  a  sheer  continuous  wall  to  the  valley  of  John  Day's  River. 
Two  tributaries  of  John  Day's  River,  only,  head  up  into  the  range  to  any 
great  distance,  the  southern  one,  McDougal's  Creek,  heading  in  Mc- 
Dougal's Gap.  The  elevation  of  the  peaks  ranges  from  10,000  to  11,000 
feet,  and  the  two  highest  peaks  are  respectively  11,276  and  11,490  feet 
above  sea-level. 

The  principal  passes  in  this  range  are  Thompson's,  at  its  southern  end, 
at  the  head  of  the  southern  branch  of  the  Piney,  and  McDougal's  Gap, 
25  miles  farther  north.  There  is  a  great  difference  in  elevation  between 
the  east  and  west  bases  of  the  range,  which  at  the  latter  pass  amounts 
to  1,500  feet.  This  pass,  or  gap,  is  cut  down  very  nearly  to  the  eastern 
base  of  the  range,  so  that  the  stream  on  the  east,  a  branch  of  Marsh 
Creekj  has  very  little  fall,  while,  on  the  other  hand,  the  ascent  from  the 
west  is  very  steep,  being  1,500  feet  in  about  8  miles,  and  the  greater 
part  of  this  is  in  the  first  two  miles  from  the  suirftnit.  The  canon  of  this 
creek  is  very  narrow  and  difficult  to  traverse  on  account  of  swamps, 
fallen  timber,  and  rock  slides.  A  heavy  trail,  however,  crosses  the 
range  here,  and  it  is  probably  one  of  the  main  routes  of  the  Shoshone 
and  Bannack  Indians.  Farther  north,  an  old  trail  crosses  the  range  at 
a  great  elevation,  but  I  was  unable  to  examine  the  route  throughout. 
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This  range,  with  the  Absaroka  Ridges  to  the  southward,  is  timbered 
from  the  base,  though  nowhere  heavily.  In  the  high  valleys  there  is 
some  large  valuable  timber,  but  the  amount  of  this  is  limited.  As  we 
proceed  southward  the  timber  decreases,  and  the  country  about  the  upper 
waters  of  Slate  Creek  and  Ham's  Fork  is  almost  destitute  of  it.  These 
rolling  hills  and  plateaus  into  which  the  Wyoming  Range  has  degener- 
ated are  covered  with  the  best  of  grass  for  pasturage. 

JOHN  DAY'S  RIVER. 

This  stream  heads  near  the  southern  ends  of  the  Wyoming  and  Salt 
River  Ranges  and  flows  somewhat  west  of  north  to  the  Snake  River. 
It  is  named  from  one  of  the  early  trappers  of  the  region.  Its  valley  is 
narrow  and  cauon-like  throughout.  At  flood-height  the  stream  is  barely 
fordable,  and  carries  fully  3,000  cubic  feet  per  second.  Its  low-water 
flow  is  probably  not  more  than  one-third  as  much. 

The  valley,  or,  more  properly,  the  slopes  of  the  mountains  contain  a 
considerable  quantity  of  excellent  timber  which  can  easily  be  trans- 
ported by  water  to  settlements  on  the  Snake  River. 

THE  SALT  RIVER  RANGE. 

This  range  stands  west  of  the  valley  of  John  Day's  River,  separating 
it  from  the  Salt  River  Valley.  It  is  a  sparsely  timbered,  nigged  range, 
not  as  high  as  the  Wyoming  Range  by  fully  1,000  feet  Its  length 
within  the  district  is  about  30  miles,  or  about  40  miles  altogether,  as  it 
is  cut  short  on  the  north  by  the  Snake  River,  which  here  passes  by  its 
northern  end.  Southward  it  runs  out  into  meridional  ridges  part  and 
and  parcel  of  the  southern  continuation  of  the  Wyoming  Range.  The 
latter,  however,  are  drained  southward  by  the  head  streams  of  Smith's 
Fork  of  Hear  River. 

Though  this  range  can  be  crossed  by  animals  in  several  places, 
there  is  but  one  pass  in  the  range  proper  which  is  in  common  use — 
that  known  as  McDougal's  Pass.  This  SlcDougal,  whose  name  figures 
«o  prominently  in  this  part  of  the  country,  was  another  leading  «hii me- 
ter in  the  days  of  the  fur  companies.  This  pass  is  quite  high,  leading 
one  uearly  to  the  top  of  the  range,  but  is  not  difficult  for  pack  animals. 
Early  in  the  season,  indeed,  throughout  July  even,  there  is  a  great 
amount  of  snow  in  its  approaches,  especially  on  the  western  side  of  the 
summit.  It  is  impossible  to  avoid  it,  and  the  only  way  is  to  travel  across 
the  great  snow  fields,  doing  so  early  in  the  morning  before  the  sun  has 
softened  the  surface.  When  I  crossed  this  pass,  which  was  on  the  17th 
of  July,  there  was,  besides  many  large  snow-banks  east  of  the  summit, 
one  immense  field  just  west  of  the  head  of  the  pass,  completely  filling 
the  canon  and  extending  down  it  fully  three  miles.  Of  its  depth  one 
could  form  no  idea,  except  that  it  must  have  been  enormous.  Whether 
it  is  a  glacier  could  not  be  determined,  as  snow  completely  covered 
everything. 

THE  SALT  RIVER  VALLEY. 

Salt  River  is  an  important  southern  branch  of  the  Snake,  entering  it 
about  three  miles  west  of  the  mouth  of  John  Day's  River.  It  heads  far 
to  the  south,  opposite  branches  of  Smith's  and  Thomas'  Forks  of  Rear 
River,  among  bare,  rolling  hills.  Collecting  its  branches  at  a  point  nearly 
west  of  the  south  end  of  the  Salt  River  Mountains,  it  pursues  a  course 
nearly  north  down  a  broad  valley,  of  which  it  occupies  the  western  mar- 
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gin.  In  this  valley  it  receives  several  large  branches  from  the  Salt 
River  Range,  and  two,  Grow  and  Smoking  Creeks,  from  the  hills  which 
limit  its  valley  on  the  west. 

The  valley  has  a  length  of  forty-five  miles,  with  an  average  width  of 
about  five  miles.  Its  surface  is  flat  and  unbroken,  except  in  one  place, 
where  there  is  a  broad  hill  or  bit  of  plateau  which  has  forced  the  river 
into  canon.  In  several  places  near  the  river  the  valley  is  swampy,  but 
generally  it  is  dry,  with  a  coarse,  gravelly  soil,  of  little  value  for  agri- 
culture. Grass  is  abundant  and  of  excellent  quality,  and  as  a  grazing 
region,  especially  in  winter,  I  should  judge  it  to  be  well  adapted.  On 
the  west  side  of  the  valley  the  country  rises  sharply  into  plateau-like 
hills,  well  grassed.  Further  back  these  plateau-levels  rise  to  a  range 
of  sparsely  wooded  hills,  which  separate  the  drainage  of  Salt  River  from 
that  of  the  Blackfoot.  To  the  southward  these  broken  hills  rise  into 
mountains,  of  which  Mount  Preuss  is  the  culminating  point,  and  then 
again  decrease  in  elevation  towards  Bear  River. 

THE  BASIN  OF  THE  BLACKFOOT. 

« 

This  stream,  a  branch  of  the  Snake,  which  it  enters  a  few  miles  west 
of  Fort  Hall,  pursues  a  curiously  sinuous  course.  Heading  in  the  hills 
opposite  Smoking  Creek,  it  flows  at  first  nearly  west,  then  turns  to  the 
south,  and  after  flowing  in  this  course  for  several  miles,  on  meeting  a 
northward-flowing  branch,  it  compromises  with  it  by  turning  again  to 
the  west.  On  this  course,  varied  by  occasional  short  turns  to  the  south, 
it  passes  through  a  range  of  hills,  a  spur  from  the  Mount  Preuss 
group,  and  around  the  south  margin  of  a  valley  called  by  some  fanciful 
map-maker  the  "Hollow  Hand,"  on  the  way  receiving  two  large 
branches  from  the  south.  The  second  of  these  turns  the  main  stream 
to  its  own  direction,  and  a  northward  course  is  assumed,  but,  flowing 
against  a  basalt  wall,  the  stream  is  forced  to  resume  its  western  course. 
Then,  on  reaching  a  depression  in  the  field  of  basalt,  the  stream  crosses 
it  to  its  northern  edge,  passing  with  sluggish  current  through  great 
swamp  areas.  Reaching  the  hills  on  the  north  side  of  this  basalt-field, 
outliers  of  the  Blackfoot  Range,  it  turns  west  again,  then  northwest, 
clearing  the  basalt  and  running  in  among  the  hills.  Here  we  lose  sight 
of  this  delectable  stream,  whose  waters  are  now  lukewarm  and  full  of 
vegetable  matter  from  their  long  stay  in  swampy  regions. 

The  basin  of  this  stream  extends  north  to  the  north  line  of  my  dis- 
trict. On  the  east  it  is  limited  by  the  hills  separating  it  from  Salt 
River  drainage ;  on  the  south,  a  range  of  high,  sparsely-timbered  hills 
divides  it  from  the  Bear  River ;  while  on  the  west  the  divide  is  some- 
where in  a  broad  field  of  basalt.  The  northern  part  of  this  basin  is 
floored  with  basalt,  out  of  which  rise  numerous  ridges  and  buttes  to  a 
considerable  height.  The  southern  part  is  occupied  by  north  ward- trend- 
ing spurs  from  the  mountains,  between  which  are  broad  valleys,  in  or 
across  which  flow  streamy  tributary  to  the  main  river.  The  basalt  re- 
gion is  characterized  by  great  areas  of  swamps.  John  Day's  Lake,  just 
beyond  the  north  line  of  my  district,  is  the  largest  one  of  them.  It  is 
not,  properly  speaking,  a  lake,  although  there  is,  even  in  the  dry  sea- 
son, quite  a  large  body  of  standing  water  in  the  middle  of  the  swamp. 
The  Blackfoot  flows  through  a  very  large  swamp  in  crossing  the  basalt 
field,  ar,  was  noticed  above.  The  Little  Blackfoot  enters  it  in  this 
swamp,  and  further  up  its  course  the  latter  stream  passes  through 
another  large  swamp. 

The  floor  of  the  Blackfoot  Basin,  or  the  "Hollow  Hand,"  has  a  very 
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titiiform  elevation,  and  the  streams  have  verv  little  fcdl  throughout 
Tbe  height  of  the  basin  ranges  from  C.ttUO  to  G7300  feet. 

There  is  no  timber  in  the  basin,  but  sage  and  grass  are  abundant 
everywhere.  The  buttes  and  ridges  that  diversify  the  surface  have  some 
small  quaking  aspens  on  their  sheltered  slopes. 

THE  VAXLBXS  OP  THE  PORTNEUF  AST)  MARSH  CREEK. 

Still  travelling  westward,  wc  cross  a  great  field  of  Uasalt,  with  hens 
and  there  an  extinct  (-rater  with  its  characteristic  shape  admirably  lire- 
served,  and  passing  through  a  gap  in  a  range  of  low.  broken  hills,  the 
pottage-  way  for  a  stream  of  lava,  we  enter  another  broad,  rial  valley — that 
on  the  npper  course  of  the  Portuouf.  This  stream,  a  large  branch  of 
the  Snake,  also  pursues  a  tortuous  course  to  cried  a  junction  with  the 
main  river.  Heading  near  the  north  line  of  my  district,  it  tlows  nearly 
sonth  for  M  miles,  in  the  last  14  of  which  it  gradually  work*  its  way 
into  the  Portneuf  Range.  Then  it  boldly  turns  west  and  carves  a  canon 
for  itself  through  the  range  and  flows  out  into  its  lower  valley.  Here, 
in  former  times,  it  was  joined  by  Marsh  Creek,  a  long  stream  which 
drains  the  broad  southward  extension  of  this  valley:  but  a  stream  of 
basalt  which  Mowed  through  the  canon  of  the  Portneuf  entered  the  val- 
ley on  tbe  left-hand  Bide  of  the  river  and  separated  the  -streams,  and  by 
filling  up  the  bottom  of  the  valley  crowded  them  over  on  either  side. 
For  JO  miles  below  their  former  junction,  these  streams  now  flow  apart, 
joining  at  the  foot  of  the  valley,  where  tbe  Portneuf  turns  again  to  the 
west  to  effect  a  passage  through  the  Bannack  Range.  This  tongue  of 
basalt  which  separates  the  streams  is  nowhere  two  miles  in  width,  while 
its  average  breadth  is  only  a  mile.  Judging  from  some  of  the  older 
maps  of  this  region,  one  might  suppose  that  the  flow  of  basalt  which 
separated  these  streams  was  of  very  recent  occurrence,  indeed,  within 
tbe  present  century. 

The  Portneuf  passes  the  Bannack  Range  in  a  narrow  cafion  like  val- 
ley, then  turns  northwest,  while  the  mountains  recede  on  tbe  right  and 
left,  and  finally  it  reaches  the  Snake  in  the  great  basalt  plain  near  tbe 
site  of  Old  Fort  HalL 

The  npper  valley  of  the  Portneuf  is  one  with  that  of  the  Bear,  known 
as  "Gentile  Valley,"  the  divide  between  the  two  streams  being  a  broad, 
flat  field  of  basalt-.  Along  the  Portneuf  the  valley  is  very  fine  for  agri- 
cultural purposes,  although  the  snpply  of  water  is  very  limited,  the  Port- 
neuf here  being  scarcely  worthy  of  being  dignified  with  the  name  of  river. 
Pasturage  is  excellent,  both  in  the  valley  and  in  tbe  hills  on  either  side. 
The  elevation  is  about  5,500  feet.  Below  the  cafion  there  is  little  land 
valuable  for  agriculture,  but  on  tbe  benches  and  lower  slopes  of  the 
mountains  there  is  much  fine  grazing.  Passing  down  the  river  past  the 
Bannack  Range,  we  enter  a  bay  of  the  Snake  Kiver  plains,  and  here  we 
again  find  some  arable  land  with  excellent  grazing  over  large  areas  of 
plains  and  1  ills.  '      • 

The  southern  and  broader  part  of  the  lower  valley  of  tbe  Portneuf  is 
occupied  by  its  main  tributary,  Marsh  Creek,  a  sluggish,  swampy  stream, 
as  its  name  indicates.  This  valley  has  a  maximum  width  of  5  miles  by 
a  length  of  12  miles  from  the  head  to  the  point  where  the  Portneuf  en- 
ters it.  Its  surface  is  floored  with  old  lake  deposits  of  gravel  and  finer 
material  from  the  ancient  Lake  Bonneville,  the  progenitor  of  tbe  Great 
Salt  Lake  of  the  present  day.  At  its  southern  end  this  valley  connects 
fcWith  Cache  Valley  by  Red  Rock  Gap,  a  notch  in  tbe  hills,  wbose  level  is 
^pt  higher  than  that  of  the  valleys  on  either  hand.    The  gap  is  very  nar- 
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row,  affording  passage  only  for  a  wagon  road  and  the  Utah  and  Northern 
Railroad,  while  a  rock  standing  in  the  middle  of  the  gap  contracts  the  pas- 
sage-way still  more.  The  summit  of  the  gap  is  on  a  great  divide  or  water- 
parting — that  between  the  Great  Basin  and  the  Columbia  River;  in  other 
words,  the  Pacific ;  yet  here  the  drainage  of  these  two  systems  has  a 
water  connection,  a  marsh  extending  across  the  pass  from  Marsh  Creek 
on  the  one  side  to  Marsh  Creek  on  the  other.  At  its  southern  end,  also, 
this  valley  of  Marsh  Creek  is  connected  with  the  Malade  Valley,  in 
which  is  a  large  branch  of  Bear  River,  known  as  Malade,  Reed,  or  Roseau 
River.  The  pass  or  divide  connecting  these  valleys  is  much  higher 
than  that  of  Red  Rock,  being  5,090  feet  above  the  sea. 

Marsh  Creek  Valley  has  much  fine  farming  land  in  the  broad  creek 
bottoms  and  at  the  bases  of  the  ranges  which  border  it  on  all  sides. 
The  supply  of  water  for  irrigation,  however,  is  very  limited,  and  will  re- 
strict the  farming  land  to  a  small  area.  The  whole  valley,  with  the 
lower  slopes  of  the  surrounding  mountains,  may  be  classed  as  grazing 
land. 

THE  BANNACK  RESERVATION. 

The  valley  of  Marsh  Creek  and  the  Lower  Portneuf  form  a  part  of  the 
reservation  for  the  Bannack  Indians.  The  limits  of  this  reservation  are 
thus  defined  by  executive  order  of  June  17, 1807 :  "  Commencing  on  the 
south  bank  of  Snake  River,  at  the  junction  of  the  Portneuf  River  with 
the  said  Snake  River;  thence  south  25  miles  to  the  summit  of  the 
mountains  dividing  the  waters  of  the  Bear  from  those  of  Snake  River; 
thence  easterly  along  the  summit  of  said  range  of  mountains  70  miles  to 
point  where  Sublette's  road  crosses  said  divide ;  thence  north  about  50 
miles  to  Blackfoot  River ;  thence  down  said  stream  to  its  junction  with 
Snake  River;  thence  down  Snake  River  to  the  place  of  beginning." 
Owing  to  a  want  of  even  the  most  general  geographical  knowledge  re- 
garding this  region,  this  order  contains  several  impossible  conditions. 
There  is  no  mountain  range  trending  eastward,  separating  the  waters 
of  the  Snake  from  those  of  the  Bear.  All  the  ranges  of  the  region  trend 
north  and  south,  and  the  divide  in  question  follows  no  one  of  them  any 
considerable  distance.  Moreover,  the  divide,  which  crosses  valleys  and 
ranges,  though  as  a  whole  it  makes  easting,  has  in  different  places 
every  course  except  west,  nearly  boxing  the  compass.  Still,  the  mean- 
ing of  the  order  is  apparent,  and  the  surveyor  who  ran  the  lines  inter- 
preted it  rightly.  He  ran  south  from  the  mouth  of  the  Portneuf  to  the 
crest  of  the  divide;  then,  turning  to  the  left,  he  followed  it  across  valleys 
and  ranges,  through  all  its  ramifications,  until  it  reached  Sublette's 
road,  where  he  turned  north  and  ran  to  the  Blackfoot,  completing  it  as 
the  order  reads. 

DRAINAGE  AREA  OF  BEAJl  RIVER. 

Bear  River  heads  in  the  northern  slopes  of  the  Uinta  Mountains,  and 
from  their  base  flows  nearly  north.  The  Union  Pacific  Railroad  crosses 
it  at  Evanston,  Wyo.,  near  the  western  line  of  the  Territory.  From 
Evanston  it  continues  in  its  northerly  course  for  about  05  miles,  most  of 
the  distance  being  in  a  broad  valley.  It  enters  the  district  under  con- 
sideration in  this  broad  valley,  flowing  nearly  on  the  surface,  with  little 
or  no  bluffs.  Its  current  is  very  sluggish ;  the  water  consequently  deep 
and  the  bottom  soft  and  treacherous.  Consequently,  although  it  is  not 
a  large  stream,  fording  places  in  this  part  are  rare.  On  August  24  the 
stream  was  gauged  in  this  valley,  above  the  mouth  of  Smith's  Fork,  and 
found  to  carry  but  112  oubic  feet  of  water  per  second.    It  had  been  a 
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very  dry  season,  ami  this  is  probably  less  than  its  usual  capacity  at  this 
season.  This  valley  is  limited  on  the  cast  by  a  range  of  high,  bare  hills, 
beyond  which  are  the  upper  waters  of  Ham's  Fork.  On  the  west  rises 
a  mass  of  hills  which  separate  tin*  Bear  from  Hear  Lake.  The  width  of 
this  valley  is  about  U  miles;  its  length  within  the  district  is  t-'J  miles. 
This  valley  ranges  iu  height  from  0,200  to  0,500  feet  above  the  sea.  It 
is  exposed,  and  the  winters  are  rather  severe.  Still,  several  ranches  have 
been  settled  iu  sheltered  localities,  and  cattle  graze  over  the  bills  or 
pick  up  a  scanty  sustenance  among  the  sage  aud  greasewood  of  the 
valley.  At  the  foot  of  this  valley  Smith's  Fork  enters  the  river  from 
the  north.  It  drains  the  parallel  ridges  which  ran  south  from  the  Salt 
River  Range.  Its  valley  and  those  of  its  tributaries  are  narrow  and  of 
little  value  to  the  agriculturist.  The  Bear  flows  northwest  for  several 
miles  after  receiving  Smith's  Fork,  hugging  closely  the  base  of  the  hills 
on  the  left,  until,  entering  the  valley  of  Thomas'  Fork,  it  turns  to  a  west 
course,  and  is  joined  by  Thomas'  Fork,  a  second  large  branch  from  the 
right.  The  valley  of  Thomas'  Fork  is  one  of  the  finest  in  the  section, 
being  13  miles  long  by  an  average  of  3  in  width.  The  soil  is  very  fer- 
tile and  the  valley  well  sheltered  by  mountain  ranges  on  either  side. 
The  stream  heads  opposite  Crow  and  Beaver  Creeks,  branches  of  Salt, 
River.  It  also  receives  large  blanches  from  the  Preuss  Range  and 
smaller  streams  from  the  range  opposite.  Below  the  junction  with 
Thomas'  Fork,  the  Bear  pursues  a  winding,  sinuous  course  through  a 
narrow  valley,  iu  which  it  crosses  u  range  of  hills,  the  southern  exten- 
sion of  the  Preuss  It  iu  i  ge.  This  portion  of  its  course  contains  some  very 
fine  bottom-land,  which  is  rapidly  being  settled.  From  among  these 
hills  the  river  emerges  into  the  valley  of  Bear  Lake.  This  vallej ,  1\  ing 
on  the  east  side  of  the  Bear  River  Range,  has  a  total  length  in  a  direc- 
tion somewhat  west  of  north  of  70  miles,  with  a  maximum  width  of  Hi 
miles,  and  a  mean  width  of  about  0  miles.  On  the  east  the  valley  is 
bordered  by  the  Preuss  Range  and  the  hills  farther  to  the  south,  which 
separate  this  valley  from  that  of  the  Upper  Bear.  On  the  south  it  is 
terminated  abruptly  by  high,  bare  hills;  on  the  north  it  closes  iu  grad- 
ually, extending  as  far  as  the  Soda  Springs. 

The  southern  part  of  the  valley  is  occupied  by  Bear  Lake,  leaving  but 
a  narrow  strip  of  valley  land  between  its  shore  and  the  mountains  on  the 
east,  south,  and  west.  It  is  a  beautiful  sheet  of  water,  nearly  oval  in 
shape,  19  miles  long  by  7  wide,  with  an  area  of  125  square  miles,  hemmed 
in  closely  on  three  sides  by  mountains,  which,  on  the  east,  rise  abruptly 
iu  cliffs  from  the  water's  edge.  Several  fine  streams,  rising  in  magnifi- 
cent cold  springs  at  the  base  of  the  mountains,  supply  the  lake.  On  the 
east,  south,  and  half  of  the  west  side,  the  shore  is  a  beautifully  clean 
gravel  beach.  The  rest  of  the  west  shore  is  marshy.  On  the  north  a 
natural  dam  separates  it  from  the  "  Lower  Lake,"  a  vast  swamp  which 
in  high  water  becomes  a  lake  with  marshy  shores,  while  at  other  times 
the  only  standing  water  is  in  its  southeastern  corner.  The  "dam"  is  a 
narrow  strip  of  land,  but  a  few  yards  in  width,  extending  across  the 
northern  end  of  the  lake.  Two  breaks  in  it  allow  the  waters  of  Bear 
Lake  to  flow -out. 

Bear  River  Sows  through  the  swamps  of  the  "Lower  Lake,"  gradually 
sweeping  around  to  a  course  nearly  north,  and  flowing  on  the  west  side 
of  the  valley,  close  under  the  bluffs.  In  the  swamp  and  farther  down 
the  valley  it  is  joined  by  a  number  of  fine  streams  from  the  Bear  River 
Range,  and  by  two  from  the  Preuss  Range.  The  river  has  increased  in 
size  very  much.  On  August  17  it  was  measured  at  the  Soda  Springs, 
at  the  foot  of  this  valley,  and  found  to  carry  1,000  cabic  feet  per  second. 
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At  the  northern  end  of  the  Bear  Eiver  Range  the  river  tarns  abruptly 
from  northwest  to  south,  sweeping  closely  by  the  foot  of  the  precipitous 
"  Sheep  Rock,"  and  hugs  the  western  base  of  the  range,  while  the  valley 
continues  its  former  course  to  the  north-northwest,  becoming  at  first  the 
broad  flat  divide  between  the  Bear  and  the  Blackfoot,  and  finally  open- 
ing out  into  the  great  basalt  plain  in  which  the  latter  stream  flows.  The 
Soda  Springs,  called  by  Fremont  the  "  Beer  Springs,"  are  on  the  north 
side  of  the  Bear,  very  near  the  head  of  the  bend.  They  are  quite 
numerous,  scattered  over  an  area  of  several  square  miles;  all  are  cold, 
except  one.  The  water  is  highly  charged  with  carbonic-acid  gas,  which 
is  given  off  copiously.  Many  of  them  deposit  carbonate  of  lime,  forming 
mounds  and  coating  rapidly  whatever  foreign  matters  are  in  the  springs. 
A  few  miles  above  the  bend  the  river  enters  a  basalt  field?  coming  down 
from  the  north  and  filling  the  whole  valley.  The  river  crosses  this  field 
twice  before  reaching  the  bend,  and  below  the  latter  it  is  for  several 
miles  crowded  by  it  up  against  the  base  of  the  mountains.  Then  it  starts 
westward,  on  top  of  the  basalt,  whose  surface  is  here  somewhat  lower 
than  near  the  Soda  Springs.  In  its  westward  course  the  river  cuts  down 
through  the  basalt-,  soon  making  for  itself  a  canon.  Its  fall  in  this  part 
is  very  rapid  indeed,  covering  its  surface  with  foam.  It  is  here  in  the 
southern  continuation  of  the  upper  valley  of  the  Portnenf,  here  known 
as  Gentile  Valley,  the  few  settlers  not  being  of  the  Mormon  persuasion. 

Having  crossed  the  basalt  to  the  western  side  of  the  valley,  the  river 
turns  to  the  south,  bordered  on  the  right  by  the  base  of  the  Portneuf 
Range,  on  the  left  by  a  black  precipitous  wall  of  basalt.  In  a  few  miles 
it  reaches  the  southern  extremity  of  this  field  of  volcanic  rock,  and 
enters  what  is  more  properly  Gentile  Valley — a  fine,  but  narrow  valley, 
fertile,  and  easily  irrigated  either  from  the  Bear  or  from  the  numerous 
streams  which  descend  from  the  mountains  on  either  side.  Below  this 
valley  the  river  flows  through  a  canon  in  a  spur  of  the  Bear  River  Range, 
by  which  the  latter  makes  a  low  connection  with  the  Portneuf  Range. 
This  canon  has  a  maximum  depth  of  1,200  feet,  and  is  very  narrow  and 
rugged.  Emerging  from  this,  the  river  enters  Cache  Valley,  the  garden 
of  Utah.  This  beautiful  valley  is  surrounded  by  mountains  on  all  sides. 
The  Malade  Range,  a  direct  continuation  of  the  Wahsatcb,  protects  it 
from  the  west  winds ;  the  Portneuf  Range  comes  to  an  end  at  its  northern 
end,  while  on  the  east  the  rugged  summits  of  the  Bear  River  Range  rise 
abruptly  from  the  fertile  plain.  On  the  south,  a  high  saddle  connects 
the  latter  with  the  Wahsatch.  The  length  of  the  valley  in  a  north  and 
south  direction  is  about  50  miles,  while  its  maximum  breadth  is  15  miles. 
Its  area  is  500  square  miles.  On  the  north,  Red  Rock  Gap,  between 
the  Malade  and  Portneuf  Ranges,  affords  easy  access  to  the  valley 
of  Marsh  Creek.  Practicable  routes  to  the  northward  lead  to  Soda 
Springs,  and  several  passes  over  the  Bear  Biver  Mountains  give  access 
to  the  valley  of  Bear  Lake  and  the  country  beyond.  A  great  depres- 
sion in  the  Malade  Range  gives  easy  communication  with  Malade  Valley 
and  the  settlements  on  the  shores  of  Great  Salt  Lake,  the  latter  of  which 
are  also  reached  by  going  out  of  the  valley  southward  and  then  travers- 
ing the  Wahsatch  Range  by  the  gap  of  Box  Elder  Creek,  or  the  Ogden 
River.  The  valley  is  drained  by  the  Bear  River,  which,  entering  it  on 
the  northwest,  flows  down  near  its- middle  line  and  makes  an  exit  west- 
ward through  the  Malade  Range,  cutting  a  narrow  notch,  known  as  the 
u  Gates,"  through  the  range  at  the  point  of  depression  mentioned  above. 
The  mountains  send  down  numerous  streams  to  water  the  valley  and 
swell  the  volume  of  the  river.  Following  down  the  east  side  of  the 
valley,  we  first  cross  Mink  Creek,  a  good-sized  stream,  carrying  about  50 
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cabic  feet  of  water,  and  flowing  in  a  narrow  valley  bordered  by  bare, 
rolling  bill*.  Next  we  come  to  Cab  River,  a  stream  which,  where  is 
enter*  the  valley,  is  twice  as  large  as  the  latter.  This  stream  flow*  to  the 
southward  parallel  to  the  Bear,  keeping  near  the  eastern  edge  of  the 
valley  for  several  miles,  collecting  the  waters  of  several  fine  mountain 
streams,  which  it  finally  discharge*  into  the  Bear.  Still  going  sooth. 
we  cross  a  succession  of  branches  of  Cnb  River  and  the  Bear.  On  the 
south  line  of  my  district,  we  reach  Logan  Fork,  the  largest  tributary  to 
the  Bear  within  Cache  Valley.  This  stream  heads  in  the  heart  of  the 
Bear  River  Mountains,  collecting  its  waters  from  all  directions,  bat 
mainly  from  the  north.  Entering  the  valley,  it  tabes  a  wide  sweep  to 
the  south  and  west,  receiving  the  contributions  of  Blacksmith's  Fork 
and  Muddy  River,  the  former  from  the  Bear  River  Mountains,  the  latter 
from  the  Wahsatch  Range,  and  joining  the  Bear  a  few  miles  above  the 
Gates. 

On  the  right-hand  side  of  the  valley  the  tributaries  of  the  Bear  are 
neither  as  large  nor  as  numerous.  Battle  Creek  heads  in  bare,  rolling  hills 
at  the  southern  end  of  the  Portneuf  Range,  and  flows  into  the  Bear  a 
few  miles  below  the  foot  of  the  canon.  It  is  a  small  stream,  known 
chieflv  from  the  fact  that  its  mouth  is  the  scene  of  a  bloodv  battle  be- 
tween  the  California  Volunteers,  under  General  Connor,  and  a  large 
body  of  Bannacks,  in  which  the  latter  were  nearly  all  sent  to  happy 
hunting  grounds  and  the  power  of  the  tribe  was  broken.  A  mile  below 
this  point  is  the  mouth  of  Deep  Creek,  which  heads  in  the  mountains 
about  Red  Rock  Gap.  Weston  Creek,  from  the  Malade  Range,  enters  a 
few  miles  farther  down,  and,  near  the  Gates,  a  small  creek,  from  the  same 
range,  completes  the  branches  from  that  side. 

Cache  Valley  is  very  well  settled,  almost  entirely  by  Mormons.  There 
are  no  lens  than  fifteen  towns  in  the  valley.  On  the  west  side  of  the  val- 
ley, close  to  the  base  of  the  mountains,  are  Franklin.  Richmond.  Smith- 
field,  Hyde  Park,  Logan,  Providence.  Millville,  Hynim,  and  Parsidi.se. 
while  on  the  west  side  of  the  vallev  are  Oxford,  Clifton,  Newton.  Clark- 
son.  Mendon,  and  Wellville. 

The  principal,  indeed,  almost  the  only  occupation  of  these  people  is 
fanning.  The  farms  extend  from  the  towns  down  towards  the  middle  of 
the  valley.  The  land  in  the  lower  parts  of  the  valley,  towards  the  river, 
is  marshy  in  spring  and  early  summer,  making  irrigation  unnecessary. 

All  kinds  of  cereals,  all  vegetables  known  to  a  temj>erate  climate, 
and,  what  is  rare  in  the  West,  many  fruits,  are  among  the  products  of 
this  valley.  Apples  of  tine  quality  are  raised  in  the  greatest  abundance, 
and  many  varieties  of  plums.  Peaches  are  cultivated  to  some  extent, 
but  not  with  as  great  success  as  in  the  Salt  Lake  Valley,  where  their 
production  is  one  of  the  chief  industries  of  the  fanners. 

Emerging  from  the  narrow  gap  of  the  Gates,  the  Bear  enters  the  large 
valley  of  the  Malade.  This  lies  west  of  Cache  Valley,  and,  like  it,  trends 
nearly  north  and  south.  It  has  a  length  of  50  miles  and  a  mean  breadth 
of  '.I  or  4  miles. 

The  valley  of  the  Malade  completes  the  lowlands  of  the  Bear  River 
drainage.  The  Malade,  formerly  known  as  the  Reed  or  Roseau  River, 
derives  its  present  name,  from  the  fact  that  its  wrater  is  unfit  to  drink, 
by  reason,  probably,  of  the  large  amount  of  decaying  vegetable  matter 
which,  in  its  sluggish  course,  it  receives  and  holds  in  suspension. 

The  most  northern  branch  of  the  Malade,  known  as  the  Little  Malade, 
heads  far  to  the  northwest,  opposite  the  head  of  Bannack  Creek  and  in 
the  valley  west  of  that  of  Marsh  Creek.  The  main  body  of  water  of  the 
Malade  River  proper  comes  from  an  immense  spring  in  the  northwest 
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part  of  its  valley.  Other  streams,  bringing  considerable  bodies  of  water, 
bead  in  the  mountains  about  the  Malade  Divide  and  in  the  western 
slopes  of  the  Malade  Range.  Collecting  just  below  Malade  City,  these 
streams  form  a  good-sized  river,  which  flows  from  the  middle  of  the  val- 
ley with  a  sluggish  course  and  a  bed  slightly  depressed  below  the  level 
of  the  valley.  After  reaching  the  neighborhood  of  the  Bear,  it  flows 
along  parallel  and  very  near  to  it  for  several  miles,  joining  it  but  a  short 
distance  above  where  it  enters  Great  Salt  Lake. 

Malade  Valley  is  a  fine,  fertile  valley,  settled  almost  entirely  by  Mor- 
mons, who  have  built  several  towns  within  it.  Among  them  are  Malade 
City,  Samaria,  Portage,  and  Plymouth.  As  elsewhere  throughout  the 
Mormon  settlements,  agriculture  is  the  principal  occupation  of  the 
people. 

Leaving  now  the  valleys  of  this  western  section,  we  will  take  a  glance 
at  the  mountain  ranges  which  separate  them.  In  them  all  we  notice  a 
remarkable  absence  of  timber.  With  the  exception  of  the  Bear  River 
Range,  which  contains  a  large  amount  of  excellent  timber,  they  are  al- 
most without  this  kind  of  vegetation.  On  some  it  is  found  scattered 
over  certain  areas,  but  not  in  large  quantity,  and  in  quality  and  size  it 
iiv  inferior.  The  lower  slopes  and  foothills  of  the  mountains  are  every- 
where bare  of  trees,  being  covered  with  sage  and  grass. 

The  Portneuf  Range  extends  southward  from  latitude  43°  to  the  north 
end  of  Cache  Valley,  trending  almost  on  a  meridian.  It  is  a  broken, 
irregular  range,  varying  greatly  in  height  and  breadth.  Midway  of  its 
length  it  is  cut  through  by  the  Portneuf  in  its  passage  from  its  upper  to 
its  lower  valley.  On  the  east  of  the  range  is  the  upper  valley  of  the 
Portneuf,  with  the  valley-divide  between  this  stream  and  the  Bear  and 
Gentile  Valley.    On  the  west  is  Marsh  Creek  Valley. 

This  range  commences  on  the  north  with  Mount  Putnam,  rising 
abruptly  from  the  valley  of  Ross  Fork,  a  branch  of  the  Portneuf.  The 
height  of  this  peak,  one  of  the  highest  of  the  range,  is  t*,933  ^ee^  A 
broad  summit  4  or  5  miles  to  the  east,  distinguished  as  Station  74, 
has  a  nearly  equal  height.  Then  follows  southward  a  long  and  very 
considerable  depression,  followed  by  a  rise,  culminating  in  a  group  of 
peaks  of  which  Station  76,  9,115  feet,  is  the  highest.  Then  the  range 
breaks  down  to  afford  passage  to  the  Portneuf.  South  of  this  gap  the 
range  is  more  complex.  Snow  Mountain,  9,269  feet,  is  the  highest  sum- 
mit in  the  southern  section,  and  is  a  centre  whence  several  spurs  set  off 
to  the  north  and  south.  Farther  to  the  south  the  range  spreads  out  in 
a  broad  area  of  low,  rolling,  bare  hills,  which  limit  Cache  Valley  on  the 
north. 

West  of  Marsh  Creek  Valley  is  a  high,  abrupt  range,  for  which  I  pro- 
pose the  name  of  the  "Bannack"  Range.  It  is  in  two  sections,  connected 
by  a  long,  low  depression  opposite  the  middle  portion  of  the  Marsh 
Creek  Valley.  The  northern  section  consists  mainly  of  two  long  moun- 
tain ridges,  the  highest  points  of  which  were  occupied  as  Stations  77  and 
78  respectively. 

The  southern  section  rises  from  the  Malade  Divide,  and  southward  it 
extends  some  distance  into  the  Malade  Valley.  Its  summit  consists  of 
a  rugged  ridge  rising  considerably  at  each  end.  The  northern  summit 
was  occupied  as  Station  135.  Its  height  is  8,931  feet,  while  the  height  of 
the  southern  summit  is  9,220  feet. 

Turning  now  to  the  ranges  separating  parts  of  the  sinuous  course  of 
the  Bear,  we  meet  first  the  mass  of  hills  lying  between  the  upper  valley 
of  the  Bear  and  that  of  Bear  Lake.  Northward  we  find  a  high  moun- 
tain mass,  which  I  have  called  the  Preuss  Range,  the  central  figure  of 
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which  is  Mount  Preuss.  From  this  mags  several*  spurs,  of  much 
lower  elevation,  put  out.  One  heavy  spur  runs  northward,  connecting 
with  Caribou  Mountain,  a  few  miles  north  of  my  district,  and  separating 
the  Blackfoot  from  Salt  River.  Another  trends  northwest  and  divides 
the  Bear  from  the  Blackfoot,  while  a  third  goes  south  and  separates  the 
valley  of  Thomas'  Fork  from  the  Bear,  below  Bear  Lake.  This  spur, 
greatly  decreased  in  altitude,  is  cut  through  by  the  Bear,  below  the 
mouth  of  Thomas'  Fork,  in  its  passage  from  its  upper  valley  to  that  of 
Bear  Lake.  South  of  this  cafion  the  hills  rise  again  to  a  considerable 
elevation,  and  broaden  out,  forming  the  divide  between  Bear  Lake  and 
the  upper  valley  of  the  Bear.  In  their  highest  part,  a  few  miles  south 
of  the  Bear  River,  these  hills  reach  altitudes  of  nearly  8,000  feet. 
Thence  southward,  they  diminish  in  elevation  and  in  detail,  degenerating 
into  a  broad  plateau. 

While  in  this  neighborhood,  mention  must  be  made  of  a  short  range 
of  high  mountains  which  separate  Smith's  and  Thomas'  Forks  of  the  Bear. 
At  its  south  end  this  range  rises  abruptly  from  the  former  stream  near 
its  mouth.  The  range  increases  in  height  by  successive  steps,  one  bare, 
round  summit  rising  above  another  until  the  highest  crest,  Station  38, 
is  reached,  at  an  altitude  of  0,223  feet.  Then  follows  a  precipitous  notch, 
cut  clear  down  to  the  level  of  Thomas'  Fork  by  a  stream  which  heads 
in  the  east  face  of  the  range.  Beyond,  the  range  consists  of  a  close 
cluster  of  peaks,  having  very  nearly  the  same  height  as  Station  38;  then 
a  gentle  and  uniform  slope  of  the  ridge  for  several  miles,  followed  by  a 
precipice  of  several  hundred  feet,  brings  us  down  to  the  level  of  a  branch 
of  Thomas'  Fork,  at  the  north  end  of  this  range. 

THE  BEAR  RIVER  RANGE. 

This  range  separates  Bear  Lake  Valley  on  the  east  from  Cache  and 
Gentile  Valleys  on  the  west.  It  is  a  broad  range,  especially  in  its 
southern  part,  where  it  becomes  quite  complex  in  its  structure.  It  is 
quite  heavily  timbered,  except  on  the  lower  slopes,  with  conifene,  while 
below  their  limit  quaking  aspen  forms  beautiful  groves. 

The  north  end  of  the  range  is  at  the  northern  bend  of  the  Bear,  near 
the  Soda  Springs,  where  the  river  flows  around  the  precipitous  "  Sheep 
Rock."  Soda  Peak,  a  round-topped  summit  9,683  feet  high,  is  the  cul- 
minating peak  of  the  northern  part  of  the  range.  From  it  the  crest 
runs  westward  two  or  three  miles,  then  turns  north,  and,  gradually  fall- 
ing, ends  at  Sheep  Rock.  Eastward  from  Soda  Peak,  heavy  plateau-like 
masses,  much  lower  than  the  peak,  extend  eastward  towards  the  Bear 
River.  The  crest  runs  nearly  south  from  the  mountain,  gradually  de- 
creasing in  height  until  North  Pass,  the  lowest  point  of  this  great  de- 
pression in  the  range,  is  reached.  Thence  it  rises  from  summit  to  summit 
and  gradually  becomes  broader,  the  streams  at  first  flowing  from  the 
eastern  part  of  the  range  westward.  Here  the  range  has  in  general 
outline  the  form  of  a  plateau,  broad  on  top,  with  steep,  in  some  places 
precipitous  slopes,  particularly  on  the  west.  Paris  Peak,  9,522  feet  high, 
is  situated  on  the  eastern  edge  of  the  range.  Beyond  this  dominating 
summit  the  eastern-bound  streams  drain  to  the  western  border  of  the 
range,  while  the  latter  presents  a  sheer  wall  to  the  west.  Still  going 
southward,  the  range  rapidly  becomes  broader  and  is  divided  into  several 
north  and  south  ridges  by  tributaries  of  the  Bear.  We  distinguish,  tirst, 
on  the  west  or  Cache  Valley  side,  a  high,  extremely  rugged  range,  the 
highest  of  the  series,  rising  abruptly  from  the  smooth  level  of  the  val- 
ley.   The  dip  of  the  rocks  is  toward  the  east,  so  that  they  present  the 
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edges  of  the  upturned  strata  to  the  valley.  Climbing  these  mountains 
from  the  west  is  difficult  and  dangerous,  while  from  the  east,  the  slope 
being  on  the  dip  of  the  strata,  the  slopes,  though  steep  (25°  to  30°),  are 
smooth  and  none  of  the  ruggedness  of  the  west  side  appears.  Stations 
121  and  123  (Logan  Peak)  are  among  the  highest  of  this  wilderness  of 
peaks,  being  respectively  9,905  and  10,004  feet  above  sea-level.  West 
of  this  ridge  are  the  canon  valleys  of  Cub  Biver,  flowing  north,  and  of 
Logan  Fork,  flowing  south,  separated  by  a  high  saddle. 

East  of  the  canon  of  Cub  River,  the  range  rises  again,  with  Station 
113  as  its  highest  summit  in  this  part.  Beyond,  the  drainage  is  east- 
ward to  Bear  Lake.  Southward  from  Station  113  its  ridge  degene- 
rates into  lower,  heavily- wooded  spurs,  separating  the  cations  of  large 
branches  of  Logan  Fork,  which  here  drains  the  range  eastward  to  the 
extreme  eastern  ridge.  This,  and  the  rugged  western  range,  become 
the  highest  ridges,  leaving  a  basin  of  heavy-timbered  ridges  and  spurs 
between  them.    This  character  holds  to  the  south  line  of  my  district. 

Logan  Fork  cuts  its  way  through  the  western  range  to  Cache  Valley 
on  my  southern  line,  making  a  tremendous  gorge,  3,000  to  4,000  feet  in 
depth,  very  rugged,  and  sharply  cut.  Altogether,  it  is  one  of  the  finest 
mountain  canons  in  the  West. 

THE  MALADE  RANGE. 

This  isthe  direct  continuation  of  the  Wahsatch,  though  separated  from 
it  by  a  very  long,  low  depression  about  the  Gates  of  the  Bear.  It  lies 
on  the  west  side  of  Cache  Valley,  separating  it  from  that  of  the  Malade. 
It  is  characterized  by  two  culminating  groups  of  peaks,  near  its  north- 
ern and  southern  ends,  connected  by  a  broad  mass  of  hills  or  low  moun- 
tains. Station  132,  the  culminating  point  of  the  northern  group,  has 
an  elevation  of  9,332  feet;  while  the  highest  point  of  the  southern 
group,  Gunsight  Mountain,  occupied  as  Station  127,  is  8,306  feet  above 
sea. 

On  the  west  side  of  the  Malade  Valley  stands  a  mass  of  bare,  grassy 
hills,  separating  it  from  the  valley  of  Blue  Spring  Creek. 


CHAPTEB    IV. 


AUAJJ1.E,    1'AMTUEE   JLXD   TUTREBED    AtlKAS. 

The  area  of  that  part  of  tbe  Green  River  Basin  comprise* 
rectangle  under  consideration  is  4.300  square  miles.  In  tbe  teller  juan  of 
June,  near  ibe  time  of  spring  floods,  tbe  river  was  ganged  at  Rut>iD>u(t'* 
Ferry,  about  five  miles  below  tbe  month  of  the  Big  Sandy,  and  found 
to  carry  V-i,G'M  tabic  feet  per  second,  From  the  marks  of  tbe  ldgbeK 
flood*  upon  its  banks,  it  was  estimated  that  tbe  highest  flood*  carry 
'  down  14,500  cubic  feet  per  second.  At  its  medium  stage  its  now  is  not 
more  than  one- half  that  at  the  time  of  gauging,  i.  <■.,  7,000  cobie  feet  f 
second.  This  is  much  more  than  can  ever  be  utilized  for  ii 
the  basin.  The  northern  part  of  tbe  basin  is  too  high  • 
much  value  for  agricultural  purposes.  .Farther  down,  tbe  i 
land  whieli  can  bo  reached  by  water  from  the  river  is  same 
iteri.  On  the  cast,  tbe  high  bluff  wall  which  follows  the  river  <- 
jin.lital>l>  bj  ■iinn'iunt'-d  by  ditches;  so  that  the  immt-iw  area  between 
the  Green  and  Big  Sandy  must  forever  remain  as  it  is,  a  sage  brush 
desert.  It  is  only  for  a  few  miles  ubove  tbe  mouth  of  tbe  Big  Sandy 
that  water  can  be  brought  to  any  part  of  this  great  area. 

The.  hot  t om- lands  of  the  Green  can  everywhere  be  easily  irrigated. 
TtwIM  range  ia  width  from  a  half-mile  to  two  mile*.  Besides  these  the 
bench  on  tbe  west  side  of  the  river  can  be  reached  by  water  in  certain 
localities  and  considerable  areas  irrigated,  bat  the  main  source  of 
water  for  irrigation  must  come  from  tbe  side  streams  from  tbe  west. 
Host  of  these  flow  on  or  near  tbe  surface  of  tbe  plain,  and  water  can  be 
carried  laterally  to  some  distance,  covering  areas  which,  in  most  cases, 
will  l>e  sufficient  to  absorb  all  the  water  of  the  streams.  Such  is  tbe 
case  with  Marsh,  Bitterroot,  Piney,  and  probably  La  Barge  Creeks.  Tbe 
Fontenelle  is  enclosed  by  blufls,  which  limit  its  irrigable  area  to  a  strip 
only  about  a  mile  in  width. 

Below  the  month  of  Slate  Creek,  the  Green  flows  nearly  on  the  sur- 
face of  the  plain,  with  bluffs  comparatively  low,  and  a  large  extent  of 
land  on  the  right  as  well  as  on  tbe  left  can  be  reached  by  ditches. 

Tbe  Big  Handy  flows  for  most  of  its  course  in  low  rock  canon,  and  the 
amount  of  its  irrigable  land  is  small.  Although  it  is  very  difficult  to  set 
the  limit  of  irrigation  in  this  basin,  still  it  is  safe  to  say  that  not  more 
than  701)  square  miles  of  valuable  land  can  be  reached  by  water.  This 
area  will  necessarily  include  the  best  part  of  tbe  pasturage  of  the  basin, 
that  in  the  bottom-lands  of  tbe  streams,  leaving  only  the  scattering 
grass  among  the  sage,  which  in  most  localities  is  very  scattering,  im- 
proving, however,  in  the  northern  part  and  near  the  western  rim  with 
the  greater  altitude. 

On  Ham's  Fork,  near  its  head,  is  an  area  of  perhaps  60  square  miles, 
which  can  he  rendered  productive. 

On  John  Day's  River  there  is  no  arable  land.  Salt  River  Valley  is 
about  25  miles  long,  with  an  average  width  of  4  miles.  Most  of  this 
can  be  irrigated,  but  the  soil  of  the  middle  part  of  the  valley  only  is  of 
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value,  as  near  the  mountains  it  is  gravelly.    Narrow  strips  of  valuable 
land  extend  up  Smoking,  Crow,  and  Beaver  Creeks  for  several  miles. 

In  the  valleys  of  the  Blackfoot  and  its  branches  there  is  much  val- 
uable land — more  than  there  is  water  for.  The  upper  valley  of  the 
river,  and  the  valleys  in  which  the  South  Fork  flows  and  which  it  crosses, 
can  be  made  productive.  So  with  a  large  part  of  the  valley  of  the 
Little  Blackfoot.  On  the  main  stream  little  can  be  irrigated  of  the 
basalt  field  beyond  the  bottom-lands,  as  the  basalt  is  rent  by  huge  crev- 
ices in  this  direction  and  that,  like  a  field  of  old  ice.  Altogether,  prob- 
•  ably  175  square  miles  of  the  Blackfoot  Basin  can  be  made  productive. 
x  The  upper  valley  of  the  Portneuf  contains  much  more  flat  land  than 
the  supply  of  water  will  irrigate,  as  the  stream  is  here  very  small.  A 
narrow  strip  of  valley  extends  down  the  river  through  most  of  the  canon, 
widening  out  and  running  up  the  lateral  branches.  In  the  lower  valley, 
Marsh  Creek  will  water  a  narrow  strip  of  bottom-land,  averaging  from 
one  to  two  miles  in  width  throughout  its  entire  course.  In  this  valley 
the  Portneuf  is  crowded  between  a  basalt  wall  and  the  steep  slopes  of 
the  Portneuf  Bange,  leaving  no  valley  of  any  consequence.  A  narrow 
ribbon  of  bottom-land  accompanies  this  river  through  the  cafion  below, 
in  theBannack  Bange,  and  as  the  valley  widens  out  to  the  Snake  Biver 
Plains  the  area  of  irrigable  land  becomes  broader.  The  arable  area  on 
the  Portneuf  and  Marsh  Creek  I  estimate  at  about  150  square  miles. 

Turning  now  to  the  Bear  Biver,  we  find  in  its  upper  valley  a  broad 
area  susceptible  of  irrigation.  The  soil  here  is  good,  but  the  situation 
is  exposed,  and  the  winters  long  and  severe.  In  the  valley  of  Upper 
Twin  Creek  there  are  small  areas  of  irrigable  land.  In  this  upper  val- 
ley, altogether,  there  are  about  150  square  miles  which  can  be  rendered 
productive.  On  Smith's  Fork  there  is  a  narrow  valley,  not  more  than 
half  a  mile  in  width  and  20  miles  in  length.  Thomas  Fork  has  a  very 
fine  valley  four  or  five  miles  in  width  and  15  in  length,  all  of  which  can 
be  irrigated.  On  the  Bear,  below  this  stream,  in  the  canon  through  the 
foot-hills  of  the  Aspen  Bange,  there  are  several  square  miles  of  fine  bot- 
tom land,  admirably  well  sheltered. 

Bear  Lake  Valley  contains  about  275  square  miles  of  tillable  land.  It 
extends  in  a  broad  belt  on  both  sides  of  the  river  southward  from  the 
Soda  Springs  for  15  miles,  then  is  interrupted  by  a  mass  of  buttes  which 
force  the  river  into  a  canon,  but  begins  again  at  Georgetown  and  ex- 
tends up  to  the  lake.  A  large  valley  of  excellent  land  extends  sev- 
eral miles  up  North  Creek.  A  narrow  strip  of  arable  land  extends, 
with  slight  interruptions,  up  the  west  side  of  the  lake.  At  its  south 
end  the  valley  widens  out,  giving  an  area  of  about  15  square  miles  of 
fine  land,  in  which  are  the  Mormon  towns  of  Meadowville  and  Laketown. 
On  the  east  side  of  the  lake,  the  only  flat  country  consists  of  small 
patches  at  the  mouths  of  Indian  and  North  and  South  Bden  Creeks. 

Following  the  Bear  down  below  Sheep  Bock,  we  find  a  small,  irrigable 
area  against  the  west  base  of  the  Bear  Biver  Bange.  Then,  as  the  river 
runs  out  of  the*  basalt,  its  course  widens  from  a  close  canon  to  a  valley, 
narrow  at  first,  but  widening  to  a  mile  or  more  in  Gentile  Valley,  which 
extends  down  to  the  mouth  of  Cottonwood  Creek. 

The  lower  part  of  Mink  Creek  has  a  few  square  miles  of  arable  land. 
Then  we  reach  Cache  Valley,  almost  the  whole  extent  of  which  can  be 
cultivated,  as  well  as  the  valleys  of  many  streams  entering  it  from  the 
north  and  west.  The  whole  area  of  arable  land  here  is  about  400  square 
miles.  Much  of  this  is  naturally  irrigated ;  while  Cub  Biver  and  Logan 
Fork,  with  their  branches  from  the  mountains  and  the  other  mountain 
streams,  will  go  far  towards  irrigating  the  upper  portion  of  the  eastern  half 

45gs 
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«f  the  valley.    Thcvourn  portion  north  of  the  Gaio  is  si 
abovr  Um  eastern  |wrti<m,  M>  that  her*  tb«  water*  of  the  I 
be  a*ed.  awl  only  such  portion*  can  be  nttbxed  as  the  a-  ~ 
stream-  and  springs  *ill  water. 

Malade  Valiet  comam*  I7.»  square  mBett  of  irrigable  laud.     The  val- 
ley is  flat,  and  though  the  streams  have  bat  aught  frU.stin.af  i" 
benchr*  arr  everywhere  low.  the  water  cam  be  taken  all  over  the  t  ~ 

>-'iii:iiiiic  up,  I  Jiitold  eatimaie  that  this  district  contains -J3T~ 
■ulf*  of  land  that  eaa  be  irrigated  and  cultivated  profitably, 
of  the  beat  agricnitnral  section*  of  the  Western  country. 
area  i*  17  per  cent  ufthe  total  area  of  the  section. 

The  following  table  represents  in  brief  the  absolute  ai 
respectively  of  arable,  pasture,  timber,  and  worthless  lands. 


;.I*»«tl 


L*fc..lM.B«f  Lti>«4.***>. 


me  not  a  little.  Although  the  Green  Brrer  country,  as  a  whole,  hi  ant 
the  most  delightful  place  of  residence  in  the  world,  still  there  are  many 
flue  bite  of  bottom-land  and  of  bench  where  the  grazing  is  excellent; 
spots  which,  had  they  been  in  Colorado,  would  long  ago  have  been 
seized  by  the  squatter.  Within  that  part  of  the  basin  which  it  fell  to 
my  lot  to  survey  I  can  recall  but  half  a  dozen  ranches.  Of  these,  one 
deri\'es  its  principal  revenue  from  the  ferry  over  the  Green;  another, 
at  the  upper  stage-crossing  of  the  Big  Sandy,  is  a  stage  station ;  a  third 
is  a  very  large  dairy  ranch,  located  on  the  Green,  at  the  month  of  Fon- 
tenelle  Creek.  Besides  these  there  are  two  or  three  cattle  ranches  on 
the  Green  and  La  Barge  Creek. 

In  the  .summer  large  herds  of  cattle  are  ranched  in  the  northern  part 
of  the  basin,  bnt  are  driven  out  of  the  country  southward  before  the 
snows  of  winter  set  in. 

On  Smoking  Creek,  a  branch  of  Salt  River,  there  is  a  small  settlement 
whose  inhabitants  are  engaged  in  manufacturing  salt  from  the  fine 
springs  in  that  neighborhood. 

On  the  Bliickfoot  there  are  two  or  three  ranches  only.  On  the  other 
hand,  the  region  of  the  Bear,  Malade,  Marsh  Creek,  and  Portneaf  is 
well  settled.  The  valleys  of  Bear  Lake,  Cache,  and  the  Malade  already 
support  a  very  considerable  population,  mostly  belonging  to  the  Church 
of  Latter  Day  Saints.  The  upper  valley  of  the  Bear  is  mainly  m  Wyo- 
ming ;  so  Mormons  have  not  settled  there,  and,  as  the  climate  is  rather 
severe  tor  agriculture,  few  ''Gentiles"  have  deemed  it  worth  while  to 
squat  there  while  there  is  better  land  to  be  had  for  the  asking. 

Sear  the  mouth  of  Smith's  Fork,  there  are  several  fine  ranches, 
besides  two  small  centers  of  population,  one  of  them  known  as  Coke- 
town.    From  this  point  down  to  its  mouth  there  are  ranches  at  short 
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intervals  all  along  the  Bear.  The  settlements  (towns,  villages,  &c.),  of 
which  there  are  many  in  the  Bear  River  country,  are  in  all  cases  placed 
back  from  the  river,  generally  at  the  edge  of  the  valley,  under  the  mount- 
ains, on  some  lateral  branch  of  the  main  stream. 

Around  Bear  Lake  there  are  several  fine  little  towns.  At  its  head, 
in  a  beautiful  valley,  shut  in  on  the  east,  south,  and  west  by  high, 
abrupt  hills,  are  Laketown  and  Meadowville,  staid  little  Mormon  villa- 
ges, having  an  almost  Puritanic  air  of  quiet  and  order.  The  population 
of  the  former,  by  the  census  of  1870,  was  127,  but  since  it  lias  more  than 
doubled.    The  latter  contains  nearly  200  souls. 

Uaif-way  down  the  lake  on  the  west  side  is  the  little  hamlet  of  Fish- 
haven,  which  in  1870  contained  52  persons.  Since  then  it  has  grown 
but  little,  if  any. 

At  the  northwest  corner  of  the  lake  is  the  town  of  Saint  Charles, 
which  in  1870  had  a  imputation  of  294,  now  increased  to  between  300 
and  400.  Thence  northward  along  the  east  base  of  the  Bear  River 
Range  there  is  a  series  of  small  towns :  Bloomington,  with  310 ;  Paris, 
with  502 ;  Ovid,  with  06 ;  and  lastly,  at  the  forks  of  North  Creek,  Lib- 
erty, with  S6  persons.  These  figures  are  from  the  census  of  1870.  The 
populations  of  these  towns  are  now  slightly  increased. 

On  the  opposite  side  of  the  Bear  River  Swamp,  under  the  eastern 
wall  of  the  valley,  are  the  little  towns  of  Bennington  and  Montpelier, 
with  populations  respectively  of  57  and  290  in  1870,  and  probably  little, 
if  any,  larger  at  present. 

Farther  down  the  valley,  on  Twin  Creek,  east  of  the  river,  is  a  good- 
sized  village,  by  name  Georgetown,  containing  about  200  people. 

Then  follows  a  long  stretch  of  valley  almost  without  inhabitants,  reach- 
ing to  the  bend  of  the  Bear  at  Sheep  Rock.-  Here,  on  the  north  side  of 
the  river,  are  two  little  villages,  Soda  Springs  and  M orristown ;  the  lat- 
ter settled  by  the  Morrisites,  a  band  of  dissenters  from  the  Mormon 
Church.  These  two  villages  contain  a  total  population  of  about  200 
persons. 

Farther  down  the  river  is  Gentile  Valley,  which  contains  a  number  of 
fine  ranches  owned  by  unbelievers,  whence  the  name  of  the  valley.  Be- 
low this  the  river  fiows  out  into  Cache  Valley,  the  "Garden  of  Utah." 
This  tine  valley  contains  altogether  fifteen  settlements,  large  and  small. 
They  are  situated  at  the  base  of  the  mountains  on  either  side  of  the 
valley;  those  on  the  east  side  being  the  largest  and  the  most  numerous. 
From  the  towns  the  cultivated  fields  stretch  down  towards  the  middle  of 
the  valley  to  the  marshy  land  which  borders  the  river.  The  fields  are 
watered  mainly  from  the  lateral  streams  from  the  mountains.  The 
towns,  instead  of  the  fields,  are  fenced.  Ingress  and  egress  is  afforded 
by  gates,  which,  during  the  growing  season,  are  kept  closed,  and  are 
opened  by  order  of  the  resident  bishop  only  when  all  the  crops  are 
gathered.  Then  the  fields  become  common  pasturage  ground  for  the 
flocks  and  herds  of  the  inhabitants  throughout  the  winter. 

On  the  east  side  of  the  valley,  the  most  northern  town  is  Franklin, 
Idaho,  mainly  peopled  by  Gentiles.  This  town  is  a  product  of  the  Utah 
and  Northern  Railroad,  which,  coming  up  from  Ogden,  passes  through 
this  valley  on  its  way  to  Montana.  The  town  is  situated  on  Cub  River, 
a  large  branch  of  the  Bear,  from  the  Bear  River  Range.  In  1870,  it 
had  a  population  of  558.  At  present  it  is  probably  less.  The  boundary 
line  of  Utah  is  about  a  mile  south  of  the  railroad  station  in  Franklin. 
Then  follow,  going  south,  Richmond,  population  817  ;  Smithfield,  744; 
Hyde  Park,  343 ;  and  Logan,  1,757.  These  figures,  given  by  the  last 
census,  have  not  been  materially  changed.    The  latter  placets  a  beau- 
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tiful  town,  regularly  laid  out,  with  broad  streets,  business  squares,  wit! 
iiisuiv  brick  ami  stone  buildings. 

( )n  the  o|i|M»ite  side  of  the  valley  arc*,  near  its  head,  Oxford  und  CliiK'S. 
situated  respectively  at  the  head  and  foot  of  Round  Valley  Marsh.  Tht 
former  lias  about  -00.  the  latter  L'OO  inhabitants.  Farther  south,  a  iV-* 
miles  northeast  ol  the  dates  of  the  Hear,  are  Clarkston  and  Xewrnii. 
containing  respect  i\ely  1  ."i;{  and  1!K>  persons  in  1870,  and  probably  a  hour 
the  same  at  present.  The  remaining;  towns  in  the  valley  are  outside  oi 
my  district,  and  will  not  be  mentioned  in  this  connection. 

In  Malade  Valley  there  are  four  bett  lenient  s.  Malade  City,  the  larg- 
est place,  is  situated  on  Mill  Creek,  about  0  miles  alxive  its  junction  irith 
Malade  River.  It  had  a  population  in  1870  of  591.  and  has  increased 
little,  if  any,  since.  Samaria  is  situated  southwest  of  the  latter,  .S  or  10 
miles  away,  on  the  southwest  edge  of  the  upper  expansion  of  the  valley, 
Its  population  is  between  100  and  L'00.  Portage  and  Plymouth  are  two 
small  villages,  situated  further  down  the  valley,  the  one  on  the  west, 
the  other  on  the  east  side  of  the  river.  The  total  population  of  the  valle* 
is  about  1.000. 

In  the  valley  of  Marsh  Creek  and  ihe  Portneuf,  the  railroad  has  giver 
birth  to  two  paper  towns — Oneida  in  the  former  and  Portneuf  in  the 
latter  valley.  The  latter  town,  which  (1878)  has  just  sprung  into  being, 
occupies  a  position  at  the  present  end  of  the  railroad,  about  3  or  4  miles 
below  the  mouth  of  Marsh  Creek.  Q'hese  towns  contain  200  or  300  people 
each,  but  it  is  a  floating  population  dependent  upon  the  railroad,  anc 
they  may  be  suddenly  deserted  as  the  end  of  the  railroad  is  inovec 
northward  toward  the  plains  of  Snake  River. 

•    liAILUOADS. 

The  I'lah  and  Northern  is  the  only  railway  in  my  district.  It  i> ,■ 
narrow -gauge,  built  originally  only  to  Franklin,  by  the  Mormons,  to  con 
mil  ilit  ii-  M-ttli  ii!<'ni>.  Starting  from  Ugden,  I  "tali,  where  eoimectioi 
i>  made  "with  tin*  I'niou  ami  tVntral  Pacific-  and  the  1'tah  Central,  i; 
>kii;>  the  west  base  of  thv  Wahvateh  Kangc  to  its  northern  end  nearlv 
to  ihr  ti.ite.s  of  the  Pear.  Here  it  turns  eastward,  climbs  the  rolling 
plateau  at  the  north  end  of  the  YA'ahsatch,  and  runs  down  into  Cacht 
Yalle\.  <'ro><ing  1  his  to  the  west  side,  it  again  turns  north  under  tin 
wot  l»a>e  of  the  Pear  Kiser  Kangc.  It  passes  through  the  towns  til 
Logan.  Hyde  Park,  Smithlield,  Kichinond,  and  I'Vanklin.  Here  to: 
several  years  \v;is  I  he  terminus,  although  it  had  been  the  original  inten- 
tion to  push  it  on  to  Soda  Springs,  and  a  road-bod  was  graded  for  sev- 
eral miles  in  that  direction.  1  Miring  1  he  last  year  it  got  into  the  hand* 
of  tit  utiles,  and  il  was  pushed  northwestward  through  Red  Rork  (I;i]i 
to  Marsh  Treek. and  themvdowu  Ihe  Portneuf,  Montana-wards.  Trains 
are  now  (IST.s)  running  to  Portneuf  station,  on  the  lower  Portneuf,  and 
the  road  is  graded  nearly  or  quite  to  the  Snake  Kivcr. 

JMSTOK\    OF   TilK  F,AKM"    KVPLOKATIONS  OF   THIS   REGION. 

From  ver\  early  times,  even  back  in  the  last  century,  this  region  has 
been  frequented  by  fur  traders  and  trappers.  The  waiers  of  the  Green, 
Bear,  and  Snake  yielded  valuable  peltries  in  great  abundance,  and  in 
the  broad  valleys  the  fur  companies  had  their  annual  meetings  with  the 
trappers  for  trade.  Naturally,  here,  too,  took  place  many  and  blood? 
conflicts  between  the  red  men,  the  lords  of  the  soil,  and  the  interloping 
trappers. 
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The  agents  of  the  fur  tfbmpanies  and  the  trappers,  of  course,  became 
intimately  acquainted  with  the  country,  but  their  knowledge  died  with 
them,  and  it  was  not  until  the  year  1832  that  anything  like  exploration 
was  attempted.  In  that  year  Captain  Bonneville,  of  the  United  States 
Army,  having  obtained  a  year's  leave  of  absence,  set  out  on  a  trading 
and  exploring  expedition.  His  venture  was  a  private  one,  and  his  ex- 
plorations were  made  at  his  own  expense.  Starting  from  Fort  Osage, 
Missouri,  he  took  the  North  Platte  and  Sweetwater  route,  crossing  at 
South  Pass  to  the  Green  River  Basin.  He  took  wagons  as  far  as  Horse 
Creek,  on  Green  River,  being  the  first  to  reach  Pacific*  waters  with 
them.  He  spent  three  years  wandering  about  in  the  northwest  country 
exploring,  trading,  and  trapping.  His  travels  extended  to  the  Colum- 
bia River,  in  Oregon,  in  a  northwest  direction,  and  nearly  to  the  mouth 
of  the  Big  Horn,  towards  the  northeast,  and  his  map  represents,  with 
ah  approach  to  general  correctness,  the  northern  part  of  the  Great 
Basin,  portions  of  California^  most  of  Snake  River,  the-  North  Platte, 
Big  Horn,  Yellowstone,  and  Missouri  Rivers,  with  the  country  adjacent 
to  them.  Ihe  principal  geographical  features  of  my  district,  the  Green, 
Bear,  Blackfoot,  and  Portneuf  Rivers,  are  recognized.  The  map,  how- 
ever, is  extremely  faulty  in  geographical  positions,  many  of  them  being 
one,  two,  or  more  degrees  out  of  place.  Bonneville  was  unquestionably 
the  first  to  give  the  world  definite,  certain  information  regarding  the 
Great  Basin.  Previous  to  his  time  all  that  was  known  of  it  was  vague 
and  visionary,  the  exaggerated  tales  of  mountaineers  and  trappers. 

Following  Bonneville,  in  1842,  came  Fremont.  On  his  first  expedition 
he  crossed  South  Pass,  and,  skirting  the  southwest  base  of  the  Wind 
River  Range, he  went  to  the  head  of  Green  River  Basin.  Here,  leaving 
his  main  party  camped  at  one  of  the  beautiful  glacial  lakelets  which  are 
found  at  the  base  ot  the  range,  he,  after  much  toil  and  trouble,  succeeded 
in  reaching  the  summit  of  one  of  the  highest  peaks  of  the  range,  which 
has  thenceforth  borne  his  name.  J  .aving  accomplished  this,  which  in  those 
early  days  was  accounted  a  remarkable  feat,  he  returned  to  the  States. 
On  his  second  expedition,  he  crossed  the  continental  watershed  at  South 
Pass,  and  thence  followed  the  present  overland  road  down  the  Big  Sandy 
to  the  Green,  and  thence,  in  a  southerly  direction,  to  Fort  Bridger. 
Thence  he  went  northwesterly,  to  Ham's  Fork  ("Muddy"),  and  from  a 
point  near  its  head,  probably  on  the  course  of  the  overland  road?  he  de- 
scended to  the  Bear.  He  followed  the  Bear  to  the  Soda  Springs,  in 
Southeastern  Idaho,  continued  down  it  through  Cache  Valley,  and 
finally  reached  the  shores  of  Great  Salt  Lake.  He  made  a  partial  recon- 
naissance of  the  lake,  in  an  India-rubber  boat  brought  for  the  purpose; 
but,  provisions  becoming  scanty,  he  beat  a  hasty  retreat  northward,  to 
(old)  Fort  Hall,  via  the  valley  of  the  Malade  (Roseau  or  Reed  River) 
and  the  Portneuf.  Thence  he  continued  his  route  down  the  Snake 
towards  Oregon. 

Fremont  was,  on  both  these  expeditions,  well  provided  with  instru- 
ments, and  his  work  is  generally  regarded  as  among  the  best  done  in 
those  early  days.  While  the  errors  of  some  of  his  positions  are  great, 
still  they  are  no  larger  than  was  to  be  expected  from  the  methods  neces- 
sarily employed. 

In  1849,  Captain  Stansbury,  during  the  progress  of  his  survey  of  the 
Great  Salt  Lake,  made  two  reconnaissances  within  the  district  under 
consideration,  one  northward,  up  the  Malade  and  down  the  Portneuf 
to  (old)  Fort  Hall,  on  the  Snake  river,  near  the  mouth  of  the  Portneuf, 
ana  the  other  up  the  Bear  into  Cache  Valley. 

In  1857  and  1858,  extensive  explorations  were  made  in  this  region  for 
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the  purpose  of  locating  routes  for  wagon^odds  ftom  South  Pus  wes 
fua.  These  were  made  by  the  Interior  Department  and  were  in  charg 
of  Mr.  F.  W.  Lander.  By  combining  the  topographical  work  of  ti 
different  parties  engaged,  a  map.  en  a  scale  of  nine  miles  to  one  inch,  < 
the  area  here  treated  of  was  matte.  This  map,  though  containing  man 
grave  errors  in  position!  was  by  far  the  best  And  most  detailed  map  < 
any  considerable  area  in  the  West  at  that  time. 

In  1873,  Capt.  W.  A.  Jones  led  a  reconnaissance  up  the  Big  Sand: 
on  his  way  to  the  Yellows  tone  National  Park,  without,  however,  addin 
anything  to  our  knowledge  of  tibe  section  of  country  under  consideratHH 

in  1871,  the  boundary  line  between  Utah  and  Idaho  was  run,  estai 
lishing  with  some  exactness  the  parallel  of  42°*  I  was  fortunate  enong 
to  be  enabled  to  make  trigonometric  connection  with  the  oorner  post  i 
established  by  this  survey  to  indicate  the  northeast  corner  of  Utah  an 
the  southeast  earner  of  Main. '  Relative  to  my  own  work,  the  eonai 
atftndft  0.78  miles  too  flur  east,  while  in  latitude  it  is  nractieallir  ootstii 

The  west  boundary  of  Wyoming  was  run  in  the  summer  of  1S73* 
sucoeeded  in  connecting  a  stake  on  this  boundary  with  our  geodel 
work  and  found  the  discrepancy  to  be  but  0.1$  miles,  or  845  feet,  wkh 
was  entirely  in  kmgttnda    This  stoke  was  a  few  mites  south  of  4 
Utah-Idaho  corner. 
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Absaroka  Ridges,  515, 517, 531, 536 

Acrotreta,  016 

Actceonina  prosocheila,  305 

Actceon  woo*teri,MA 

Admetopsis  rhomboiden,  317 

Admetopsis  8ubfuH\formis,  318 

Agnosias  josepha,  616 

Alkali,  analyses  of,  150 

Allen,  Prof.  J.  A.,  126 

Alpine  Star  Peak  Trias,  625 

Altitudes,  681 

Analyses,  590, 592, 601 

Analysis  of  deposit  at  Steamboat  Spring, 

590 
Anchura  haydeni,  311 
A  nch u ra  m ttdgea na ,  3 12 
Anchura  ruida,  312 
Anchura  prolabiata>  313 
Anderson's  Gulch,  396 
Anisomyon  ccntrale,  303 
Appendix  to  Report  of  A.  C.  Peale,  645 
Arable  areas,  704 

Arable  land  of  Green  River  District,  704 
Arallopsis,  533 

Arccstes  cirratus,  560, 624, 627 
Archaean  areas,  474 
Arclneau  rocks,  412, 419. 449 
Arelnean  rocks  of  Green  River  District,  613 
Archimedes,  619 

Area  and  boundaries  of  Tdton  District,  323 
Area  of  Green  River  District,  511 
Asaph  us  (Afcgalaxpi*)  t  flow  iocercM«,  616 
Aspen  Ridge.  558,596 
Athuris  Hubtilita,  f>84, 598, 620 
Aulopora,im,WQ 
Auriferous  gravels,  404 
Aricuhpecten,  562, 577 
Ariculopccten  alius,  558, 626 
Avicnhpccten  idahoensis,  560,  575,  577,  585, 

0>4,6;>6,627,628 
Avieulopaten  pcaUi,  547, 624, 627 
Ariculopccten  rectus,  624, 627 
Azimuths  and  distances,  662-667, 672 
Bad  lands,  526, 528, 639 
Bainbridge,  Captain,  360, 509, 519 
Banuack  Range,  565, 570, 701 
Bannack  Reservation,  697 
Barbatia  coalrUlcmis,  286 
Baroda  subclliptica,  294 
Baroda  wtiomingensisf)£):i 
Basalt,  330, 351,  406,  408,  513,  515,  519,561, 

562,  564,  566,  571,  583,  596, 597,  601,  643, 

699 
Basaltic  Platean,356 
Basalt  Valley,  515, 562, 597 
Basin  Creek  Springs,  591 
Basin  Ridges,  349 
Basin  Spring,  591 
Bathyurellus  {Asaphiscm)  bradleyi,  616 


Bat  Injur  el  I  us  (DikeUacephalus)t  truncatus, 

616 
Ztaf/n/Mr«*,568.616 
Bear  Creek,  415 

Bear  Creek,  Colorado,  fossils  from,  193 
Bear  Lake,  513, 589, 698 
Bear  Lake  Plateau,  514, 520, 586 
Bear  Lake  Plateau,  geology  of,  582 
Bear  Lake  Plateau,  Jura  Trias  of,  623 
Bear  Lake  Vallev,  587, 589 
Bear  Marsh,  520,589 
Bear  River,  513, 573, 589, 601, 602, 609 
Bear  River  area,  geology  of,  573 
Bear  River  Basin,  424 
Bear  River  Bend,  590 
Bear  River,  drainage  area  of,  697 
Bear  River,  "  Gates  of"  513,605 
Bear  River,  Laramie  Group,  578, 582 
Bear  River  Marsh,  587 
Bear  River,  Middle  Canon  of,  602 
Bear  River  Mountains,  513, 520 
Bear  River  Range,  514, 702 
Bear  River  Range  Carboniferous,  618 
Bear  River  Range,  geology  of,  598 
Bear  River  Region,  Post-Cretaceous  of,  630 
Bear  River,  Upper  Valley  of,  574 
Bear  River  Valley  514, 520, 665, 666 
Bear  River  Valley,  fossils  from,  241 
Beaver  Creek,  553 
Beer  Springs,  590, 591 
Beleuniites  beds,  624 
Iielemnites  densus,  623,626 
Bell  Brothers,  536 
Bell's  Pass,  536 
Bennington,  520, 587, 588 
Big  Sandy,  513, 516 
Big  Sandy  River,  geology,  525 
Bijou  Creek,  fossils  from,  190 
Bijou  Creek,  section  at,  189 
Bilk's  Gulch,  396, 404 
Bitter  Creek,  fossils  from,  215 
Bitterroot  Creek,  529 
Black  Butte,  664 

Black  Buttes  Station,  fossils  from,  216 
Black  Buttes  Station,  section  at,  222 
Blackfoot  Basin,  695 
Blackfoot  Basin,  geology  of,  556 
Blackfoot  Basin,  Jura  Trias  of,  623 
Blackfoot  Mountains,  338 
Blackfoot  Peak,  338, 340 
Blackfoot  Peak,  section  through,  339 
Blackfoot  Range,  328. 338, 346, 350, 477 
Blackfoot  River,  337,513,514,695 
Blackfoot  River,  northern  branches  of,  559 
Blackfoot  River,  west  side  of,  561 
Black  Rock  Creek,  456 
Bloomington,  587 
Bloomin^ton  Creek,  599 
Blue  Spring  Hills,  geology  of,  609 

711 


naff  fetiM,  us 

■caaMtftsil  ft  H  '■  M 
Boasevill*  Lake,  oatla*  ot  54* 
Bo—BriUes  sapfaradoaa.  5U 
'    t  HiiL..  r,u 


Bos- Elder  CaSoe.  570 


™  ,«.,.r. 43*. 443, 4*6,  tU.  4  4.  463. 

Bradley  on  data*  «f  Bear  Bi» a.  C~ 
Bradley  oa  Terra™  of  Mann  V; 


Bradky.Prof..  547.  0E6. 

613 
Bridgsr  Group,  132,517, 639 
Bridger  Group. ua  Big  Sandy  and  Oram 

Biver,5« 
Bridger  Group,  va  Hate  Crack  aad  HaaV* 

Backeye  iliac.  143 

Banalo  fork,  4«,  444 

!;■■■.'.,-,  .,■  Baata  ftp,,  Dt*a«a\«n1 

Bafalo  fork  Mountains,  4C« 

Battalo  Pork  Peak,  467 

Baflatorork,a>etk>aMt4tt! 

MraCbrfcM 


m 


dr»,  foaaili  bam,  171 

CadM  V«JU-yTilS.513,&lS.eott,7W 
CatV  raiW.aagloaj4<«ii 
Caeaa  Valley  Gronp.iaO.64I 
CMilillci  tmtMM 
Ca]i  ....  ,.-:;!:  .-,:u.  ;.:■.;.  M 
Calcifcrona  Group. 71.  W 
Cambrian  hOt.sto,«n.eu 


0Hcaa,4n 

Coal,  !*■»,  467 
Coal,  ai.alvcm  of,  IK 
Coal,  impare,  5ett 
Coal  in  Btira  Pass,  536 
Coal  in  Gentile  Valley.  WI 
Coal  ....  Sinjili'i  r'oraC  S77.SJO 
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Camplomrelet  Mlitlriatut,  581,  IBS,  tS7 
Caaploneeta  ttygim,  578,  636 
Canadian,  614 
Canon  Creek, 432 

Caftan,  Grand. of  Snake  River,  437, 452 
Caftun  of  Bear  River,  574, 60S 
Carboniferous,  73, 75, 77, 103, 120 
Carboniferous  Coal  Measures,  542 
Carboniferous  deposits,  415, 435 
Carboniferous  fossils.  329, 335, 339, 341, 344, 

349,  357,  358,  363,  418,  422, 428, 431, 455, 

469,619 
Carboniferous  limestone*,  516, 520, 528, 530, 

536,  537,  539,  541,  546,  552,577,596,599, 

607 
Carboniferous  of  Green  River  District,  616 
Carboniferous  plateau,  414 
Carboniferous  rocks,  520, 549, 556, 557, 563, 

574,575,580,600 
Carboniferous,  section  of,  618 
Carboniferous  strata,  329,335,338, 381, 3W, 

400, 416, 417, 420, 447, 449,455, 470 
Cardium pauperculum,  291 
Ca rdium  iritt,  291 

Caribou  Mine,  144 

Cariboo  Mountain, 654,668 

Caribou  Range,  327, 350, 360, 363, 478. 

Caribou  Range,  section  across,  393 

Caribou  Region,  391 
-.     Carinifn,  601 
*%£ariso  Mine,  142 


Cope.  Prof.  E.  D.,  on  Carboniferous  rock 
of  Fon tene lie  Cafion,  537 

Cope.  Prof.  E.  D  ,  on  fossils  from  Great 
River  Group,  531 

Corbiatla  ( fVforilina)    darken,  575,  582,61 

Corbula,  533, 540. 631 
1  Corbula  nfmatophora,  290 

Corbula  pyriforma,  582, 632 

Cottonwood  Creek,  601 

Cranatflla  ciamrroaauit,  287 
;  Crater  Buttes,  376 
1  Crater  in  Gentile  Valley,  597 
>  Craters  in  Basalt  Valley,  597 
'  Craters  in  Blackfoot  Basin,  561 
'  Cretaceous,  84, 121, 371, 578, 879, 629 

Cretaceous  fossils,  629 

Cretaceous  fossils,  descriptions  of,  273 

Cretaceous  in  John  Day's  Valley,  543 
.  Cretaceous  of  Ovster  Ridge,  533 

Crow  Creek,  517,519,554 

Crow  Creek,  fossils  from,  165 
I  Crow  Creek,  section  at,  164 

Cnb  River,  604 

Cyprit,  637 

Cgrena,  531,637 

Cyrena  hoimeti,  295 

Cyrena  injltxa,  290 
'  Cyrena  sccsru,  289 

Dakota  Group,  84,108,123 
I  Dakota  Group  forms,  366 
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Danforth  Hills,  fossils  from,  211 

Dapedoglo&sua  testis,  535, 639 

Davis  Creek,  590 

Death  Lake,  129 

Descriptions  of  fossils,  273 

Descriptive  geology  of  Bear  River  area,  573 

Descriptive  geology  of  Green  River  drain- 
ago  area,  523 

Descriptive  geology  of  Snake  River 
area,  543 

Devil  Creek,  609 

Devonian,  73, 541, 599 

Dikelocephalus,  568,616 

Diplomysttu  analis,  535, 639 

Diplomystus  humilis,  535, 639 

Diplomystus  labraooides  535, 639 

Piscina,  568, 599, 616 

Divides  and  Passes,  686 

Divides,  elevations  of,  686 

Dodd's  Ranch,  fossils  from,  229 

Drainage  area  of  Bear  River,  697 

Drainage  area  of  Green  River,  689 

Drift,  92, 115, 137, 641. 

Dun  Glen  limestone,  627 

East  Fork  of  Blackfoot  River,  556 

East  Hill,  666 

East  Pass  Creek,  421 

Eclipse,  total,  of  sun,  655 

Elder  Creek,  342. 

Electric  Peak,  672 

Elevation  of  peaks  in  Salt  River  Range, 
551 

Elevations,  method  of  taking,  679 

Elevations  of  divides  and  passes,  686 

Elevations,  tables  of,  681 

Elkhorn  River,  444 

Emmons,  S.  F.,  on  Carboniferous.  576 

Emmons,  S.  F.,  on  Geology  or  Oyster 
Ridge,  533 

Emmons,  S.  F.,  on  Trias,  627 

Emys,  637 

Endlicli,  Dr.,  511,  524,  613 

Endlich,  F.  M.,  Report  of,  3 

EulimeUafunicula,  316 

Eumicrotis  curta,  560,  575,  577,  585,  624, 
626,627 

Euomphalus,  548,  563,  598,  609,  615,  619 

Euomphalus  luxus,  610,  620 

Euomphalus  (f)  rotuliformis,  615 

Euomphalus  (t)  trochiseus,  615 

Euspira  coalvillensw,  310 

Equisttum,  532, 638 

Error  in  summing  up  of  triangles,  678 

Erosion,  89,  114,  135 

Eruptive  rock,  356 

Eruptives,  114,  133 

Exogijra  walkeri,  278 

Explorations,  history  of  early,  708 

Explorations  in  Green  River  District,  708 

Fall  Creek,  374,  383,  405 
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Fontenelle  Hogbacks,  geology  o£  538 

Formation  Springs,  593 

Formations,  table  of,  154 

Fort  Hall,  328,  517,  519,  654 
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Fossil  fish,  535 

Fossil  insects,  535,  638 
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Fossil  Ridge,  fossils  from.  176 

Fossils,  Carboniferous,  329,  335,  339,  341. 
344,  349,  357,  358,  383,  418,  428,  431,  455, 
469.  619 

Fossils,  Cretaceous,  629 

Fossils,  descriptions  of,  273 

Fossils,  Jurassic,  331,  333,  345,  348,  368, 
369.  378,  380,  386,  390,  428,  430,  433 

Fossils,  Jura  Trias,  626 

Fossils  of  Green  River  Group,  639 

Fossils  of  Laramie  Group,  631 

Fossils,  Permo-Carboniferous,  427 

Fossils,  Silurian,  329,  413,  417,  469,  615 

Franklin,  519,  520.  603,  604 

Franklin  Butte,  604,  640 

Fremont,  explorations  of,  41 

Fremont's  Butte,  524 

Fr6mont's  description  of  Basin  Spring,  591 

Fremont's  Lake,  056 

Fremont's  Peak,  524,  653,  670 

Fu8U8  gabbi,  317 

F.  V.  Haydon's  Salt  Lake  Group,  603 

Game,  Sweetwater,  60 
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Gannett.  H.,  Report,  of,  673 

Gates  of  Bear  River,  513,  605 
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General  section  of  Jura  Trias,  623 

General  section  of  Paiaeozoio  in  Teuton 
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Gentile  Valley,  513,  521,  604 

Gentile  Valley,  geology  of,  600 

Gentile  Valley  Group,  642 

Geological  formations  of  Green  River  Dis- 
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Geological  formations  of  Green  River  Dis- 
trict, resume"  of,  611 

Geological  formations  of  the  Green  River 
District.  515 

Geological  Report  of  O.  St.  John,  323 

Geology  of  Green  River  Basin,  523 
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on,  511 

Geology  of  John  Day's  Valley,  543 
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Higham's  Peak,  335, 337 

Higham's  Peak  Ridge,  330,477 

Higham's  Peak,  section  through,  336 

Hilliard  Station,  fossils  from, 249 

Hill  Springs,  591 

History  of  early  explorations  in  Green 
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Hoback,  669 
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Horse  Creek,  geology  on,  527 
Hot  Springs,  86 
Humboldt  Group,  640 
Hyatt,  Prof.  A.,  629 
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Labargo  Creek,  531, 539 
Labarge  Mountain,  530 
Labarge  Mountain,  Carboniferous  of,  616 
Lake  Alice,  580 
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Lava  Creek,  467, 470 
Lead  Creek,  516 
Lead  Creek,  geology  on,  527 
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Wilson,  649 
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Liberty,  587 
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Lincoln   and   Blackfoot    Divide,   section 
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LinguJa  bretyirostri*,  577, 626 
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List  of  Jura  Trias  fossils,  626 
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List  of  minerals,  645 

List  of  primary  stations,  661 

List  of  Silurian  fossils,  616 
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Little  Blackfoot, 357 
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Logan  Cailon,  521,598 
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Longitudes,  tables  of,  681 

Lower  Gros  Ventre  Buttes,  421, 445 

Lower  Portneuf  Valley,  512 

Lower  Valley  of  the  Portneuf,  565 
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Malade  Valley,  geology  of,  608 
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Mammoth  Hot  Springs,  660 
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Marsh  Creek,  geology  on,  528 

Marsh  Creek  Group,  042 
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Palaeozoic  rocks,  584, 613 

Palaeozoic  strata,  1181, 475 

Paliurus  pentangulatus,  302 

Parapholas  sphcnoidcus,  300 

Paris  Peak,  6b7 

Parkers  geological  notes  on  T6tou  Region, 

323 
Passes,  elevations  of,  686* 
Pasture  areas,  704 

Pasture  land  of  Green  River  District,  704 
Pavilion  Spring,  592 
Peale,  A.  C,  Report  of,  509 
Peale,  Dr.,  400, 410, 425, 452 
Peale,  Dr.  A.  C,  153 
PentaerinuH  asterucus,  537, 540, 579, 581, 623 

624, 626, 627 
Pentacrinus  beds,  624 
Permian,  78, 105,121 
Penuo-Carhoniferous,  384 
Permo-Carboniferous  fossils,  427 
Petrifying  Springs,  593 
Petroleum,  151 
Phym,  604 
Phym  carletoni,  306 
Physical  features  of  Green  River  District, 

689 
Pierre's  Basin,  323, 411, 438 
Pierre's  Mountains,  425 
Pierre's  River,  324 
Pierre's  River,  North  Fork  of,  412 
Pilot  Butte,  665 
Pine  Creek.  57* 
Pinev  Creek,  529 
Placer*  of  Tin  Cup  Creek,  404 
Plant nopttiv  hilliardensiit,  278 
Plains  of  Triton  District,  326 
Plauorbis,  564, 589, 601, 602, 605, 640, 641 
Plateaus  of  Green  River  District,  513 
Platycrinus,  548,619 
Ptivatula  hydrotheca,  279 
Pliocene.  112,  132,  565,  569,  571,  586,  600, 

601, 602,603, 635,  (M0 
Pliocene  beds,  476 

Pliocene  lakes  in  Bear  River  Valley,  589 
Pliocene  marls  near  South  Pass,  524 
Pliocene  near  Georgetown,  588 
Plymouth,  60* 

Point  of  Rocks,  fossils  from,  216 
Poly intra ,  563 
Porcupine  Creek,  372 
Portage,  608 
Portneuf  Canon,  597 
Portneuf,  Lower  Valley  of,  565 
Portneuf  Mountains,  513 
Portneuf  Range,  328, 563, 567, 607, 701 
Portneuf  Range,  Carboniferous  of,  618 
Portneuf  River,  513, 563 
Portneuf,  Upper  Canon  of,  564 
Portneuf  Vaflcv,  696 
Post-Cretaceous,  88, 124, 533, 629 
Post-Cretaceous  orography,  632 
Post-Tertiarv  sands," 464 
Potsdam,  615 

Potsdam  Group,  70, 101, 119 
Potsdam  unartzite,  417, 446, 449 
Preuss,  Mount,  514, 590, 654 
Preuss  Range,  557, 588 
Preuss  Range,  Carboniferous  of,  618 
Preuss  Range,  geology  of,  589 
Primary  triangiilation,  651, 655 
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Pterin  gatttrodts,  280 
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Pterin  proj)leura,  281 

Ptylodyctia,  548, 619 
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Putnam  Hills,  477 
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520.  529.  532,33,  537,  538,  540,  541,  544, 
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SphariHw,  5*9,  001,  605,  G40 
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Spirifirimt,  503 
Spring  Bluff,  593 
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Strawberry  Creek,  553 

Streams,  slopes  and  elevations  of,  681 
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Swan  Creek,  587 
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Sweetwater  drainage.  48 
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Deer  Creek,  372 
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;  Trout  Creek,  600 
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